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Preface 
 
 
Infectious Pregnancy Complications deal with the co-occurrence of pregnancy and an 

infection. The infection may precede or follow fertilization. This new book presents the latest 
research in the field. 

Chapter 1- Epidemiological reports estimate that 7.7 million perinatal deaths occur 
annually worldwide, including 4.3 million that take place in late pregnancy, while the 
remaining neonates die in the first weeks of life. Reports attribute the majority of these 
consequences to infections of the fetus in utero. Infections during pregnancy affect the 
mother, and often some infections may be transmitted to the fetus in utero, during the 
intrapartum period or, postnatally, with potentially serious consequences. Many infections 
have been linked to increased risks of premature delivery and low birth weight, and 
associated morbidity and mortality of both mother and child. Acute or chronic specific 
infectious diseases may be contracted during the course of pregnancy, and conception may 
occur in women already subject to an infection. The coexistence of pregnancy may aggravate 
the risk to maternal life in cases of the more serious of these diseases. In pregnancy most 
infections are no more common, nor more serious than in a non-pregnant population of 
women of similar age. The effects on pregnancy depend on the degree of pyrexia, its 
duration, and the stage of fetal development when it occurs. Mild exposures during the 
preimplantation period, and more severe exposures during embryonic and fetal development 
often result in miscarriage, premature labor, growth restriction, or stillbirth. Hyperthermia 
may also cause a wide range of fetal structural and functional defects, with the central 
nervous system (CNS) being most at risk. While there is a greater incidence of neonatal 
morbidity and mortality with transmitted infections, not all maternal infections lead to 
transmission to the fetus, nor does transmission to the fetus lead to disease or sequelae. 
During the puerperium, parturient women are particularly susceptible to serious infections of 
the genital tract and childbed fever remains one of the most important causes of maternal 
death. Infections in pregnancy may be viral, bacterial or protozoal, affecting both mother and 
fetus. Some of the infections cause fevers, while others may not; this chapter will concentrate 
on infections resulting in maternal pyrexia, and some other infections which may not result in 
maternal pyrexia, but have important implications for the pregnancy and the fetus.  
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Chapter 2 - Recurrent late abortions and early prematurity continue to be two of the main 
problems of modern obstetrics and perinatal medicine which remain to be fully solved. The 
patients concerned often suffer increasingly. 

Ascending genital infection is the main preventable cause for late abortions or early 
premature births. In recurrent cases, the Early Total Cervix Occlusion (ETCO) is an early 
preventive measure particularly for women with a history of ≥ 2 late abortions or early 
premature births (< 32+0 weeks gestation). The operative technique, our own results, and 
results from a multi-center-enquiry undertaken in Germany are subjects of our present 
discussion. In both evaluations, the women within this high risk group had a surviving infant 
in about 70% of cases after a Total Cervix Occlusion (TCO). Differentiated according to 
„early“ TCO (ETCO) and „late“ TCO, the success rate has been 80% and 40% respectively. 

Cerclage is still a frequently employed measure in cases with recurrent preterm births, 
but it has increasingly become the subject of controversy. ETCO is quite different from 
cerclage. The cerclage only tightens the canal. Whereas ETCO really closes the cervical 
canal: After the epithelium of the lower cervical canal and of the lower portio has been 
removed these parts are sutured. This allows the lower cervix to heal up and close totally. 
This is a complete barrier which thus prevents ascension of organisms The much poorer 
results inevitably achieved by cerclage are compared with the results of ETCO. In our sample 
of women treated with ETCO we found that, in 51 previous pregnancies in which cerclage 
was performed, only 13 infants survived. This is a survival rate of only 26% (as compared to 
a survival rate of 80% with ETCO). 

ETCO was developed by us in 1981 in Germany and is widespread in Germany and also 
used in other German-speaking countries, but it is still rarely performed on an international 
level. This might partly be due to the fact that randomized studies with ETCO have up to now 
never been performed. But—considering the excellent results of ETCO—performing such a 
study now in Germany would raise serious ethical issues. 

Another possible indication for the future may be in the area of multiple pregnancies: 
With ETCO, generally performed in multiple pregnancies, Schulze [40] was able to achieve a 
prematurity rate of only 17% as against a rate of 29% in cases without ETCO. In the group of 
infants at very high risk (< 28 weeks gestation), the rate with ETCO was 1% as opposed to 
4% without.  

More information on: http://www.saling-institut.de/eng/04infoph/04tmv.html. 
Chapter 3 - An increase of the risk of premature delivery, abortion and stillbirth has been 

observed during the past pandemics of influenza. The occurrence of intrauterine influenza 
virus infection during pregnancy is substantiated. Human fetal membranes are appendages of 
placenta and compose of amnion, chorion and decidua tissues. They play a critical role as 
defensive barriers in order to maintain normal pregnancy. Recent in vitro studies have 
demonstrated that influenza A/H1N1 virus infection induced apoptosis and the gene 
expression of a set of pro-inflammatory cytokines, such as interleukin (IL)-6, tumor necrosis 
factor (TNF)-α and interferon (IFN)-β in cultured chorion cells. IL-6, TNF-α and IFN-β 
molecules in culture supernatants of the virus-infected chorion cells induced the 
differentiation of monocytes to well-matured macrophages. It should be noted that these 
phenomena were not observed in cultured amnion cells after influenza virus infection, yet 
viral replication was observed in the cells. It has been known that apoptosis of the constituent 
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cells and macrophage activation in the tissues are implicated in the pathogenesis of fetal 
membrane rupture. Therefore, accumulating evidence suggests that fetal membrane chorion 
and amnion cells play a pivotal role in the pathogenesis of influenza-associated complications 
during pregnancy. This article reviews the virulence of influenza virus against human fetal 
membrane tissues in order to understand the molecular pathogenesis of intrauterine influenza 
virus infection during pregnancy. 

Chapter 4 - Bad obstetric history (BOH) implies previous unfavorable foetal outcome in 
terms of two or more consecutive spontaneous abortions, history of early neonatal death, 
intrauterine growth retardation, stillbirths, intrauterine fetal death and/or congenital 
anomalies. Recurrent pregnancy wastage due to maternal infections transmissible in utero at 
various stages of gestation can be caused by a wide array of organisms that include 
Toxoplasma gondii, rubella virus, cytomegalovirus, herpes simplex virus and other agents. 

Herpes simplex virus (HSV) is classified in the alpha virinae subfamily within the family 
Herpesviridae. Two closely-related viruses are designated HSV types 1 and 2. Both can be 
transmitted in utero to fetus, with more complications associated with herpes simplex 2.  

Another important viral cause of BOH is cytomegaloviruses (CMV). Cytomegaloviruses 
are ubiquitous and species-specific. Humans are believed to be the only reservoir of this 
virus, and transmission occurs by direct or indirect person-to-person contact. Vertical 
transmission can lead to serious congenital infections.  

Rubella virus causes serious disease after vertical transmission. Most maternal infections 
remain subclinical or cause a trivial infection that may remain unrecognized. Its vaccination 
coverage is not sufficient throughout the world, so new cases are still reported. Clinical 
diagnosis of rubella is difficult and unreliable, as rubella virus infection can be asymptomatic 
in up to 50% of infected patients.  

Several modalities are available for the diagnosis of those infections. The benchmark 
method is viral culture. Serology can establish current and past infection. Recently, molecular 
techniques have become available for rapid diagnosis. 

Testing of pregnant women for HSV, CMV and rbella antibodies is usually done with a 
type-specific assay for their antibodies.  

The objective of the present study was to explore the prevalence of herpes simplex virus 
2, cytomegalovirus and rubella in pregnant with repeated spontaneous abortions (RSA) in 
first trimester. The diagnosis was performed by polymerase chain reaction, serological study 
for specific immunoglobulins G and M for herpes simplex 2 and cytomegalovirus and 
rubella. There was also an attempt to discover the accuracy of serological diagnosis for 
herpes simplex 2 and cytomegalovirus compared to polymerase chain reaction. 

Patients recruited in the study were complaining of repeated first trimester abortions 
without obvious medical or gynecological etiology. Laboratory screenings for 
immunoglobulin M for toxoplasmosis were negative. The study also included pregnant 
women with normal obstetric history as a control group. Complete medical and obstetric 
evaluations were performed for patients and control subjects. Furthermore, specific 
virological diagnosis was performed to measure specific immunoglobulins M and G for CMV 
and herpes simplex 2 by enzyme linked immunosorbant assay with detection of their DNA in 
maternal serum by polymerase chain reaction. Diagnosis of rubella was performed by 
measurement of specific immunoglobulin M by enzyme linked immunosorbant assay.  
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There was a statistically significant difference between the RSA group and the pregnant 
women without RSA in frequency of rubella IgM (44.7%), herpes simplex IgM (39.1%) and 
CMV 10.9% (P < .001) . However, there was insignificant difference in IgG for herpes 
simplex 2, CMV and rubella between patients and control. Herpes simplex 2 viremia was 
positive in 26% RSA and cytomegalovirus was positive in 10.9% RSA patients. There was a 
significant association between viremia for cytomegalovirus and herpes simplex 2 (P<0.009). 

 The present study highlights the significant association of rubella, herpes simplex and 
cytomegalovirus with bad obstetric history. There may be persistence of rubella virus related 
to repeated early abortions. Moreover, combined viral infections in those patients were found 
that could even further aggravate intrauterine infections. The study allows the idea that 
serological tests for IgM are a rapid and accurate method for laboratory diagnosis. 

Chapter 5 - The incidence of appendicitis during pregnancy is equal to that in the normal 
population. However, during pregnancy appendicitis may occur with a variety of clinical 
presentations, thereby causing severe diagnostic difficulties, especially during the second half 
of gestation. As a result, appendicitis during pregnancy is associated with an increase in 
perforation rate, morbidity and mortality compared to that in the normal population. In 
addition, it may cause pre-term birth and/or fetal loss.  

In this chapter we review diagnostic and treatment strategies and complications of 
appendicitis occuring during pregnancy 

Chapter 6 - Mediastinal emphysema and subcutaneous emphysema are rare 
complications of labor. We describe a case of mediastinal and subcutaneous emphysema 
observed in the II stage of labor, otherwise known as healthy primigravida. The diagnosis 
was confirmed clinically through X-ray, and endoscopic examination in District Hospital, as 
well as in the Clinical Department of Surgery. The etiology of this condition was not 
established. The mediastinal and subcutaneous emphysema disappeared spontaneously. It 
was confirmed within 3 months by a check-up. 

Chapter 7 - Prevention of early preterm birth (<32 weeks of gestation) and of very-low-
birth- weight infants (<1500 g) is one of the most urgent priorities of perinatal medicine. 
Ascending genital tract infection is an important preventable cause of early preterm birth. 
The protective effect of the Lactobacillus system and a low vaginal pH are important to 
maintain a normal microbial ecosystem in the lower genital tract and in the prevention of 
ascending intrauterine infections. Bacterial vaginosis, other changes in the microbial 
ecosystem and infections can lead to ascending intrauterine infection. They all often begin 
with a disturbance of this vaginal milieu—which we consider a precursor. 

We recommend an assessment of the risk of preterm birth that includes obstetrical 
history, the early detection of warning signs (including screening for pre-infection states or 
overt infection by regular determinations of the vaginal pH) and, if indicated, the 
implementation of appropriate therapeutic measures. 

Our prematurity prevention program includes measures taken by physicians and by 
midwives; “self-care” measures taken by the women themselves (preferably for all pregnant 
women); and additional special measures for women at risk. 

The self-care measures for pregnant women are additional to regular prenatal care. They 
include information about risk factors and warning signs as well as regular measurement of 
the vaginal pH by the women themselves. With this self-care, the rate of premature births in 
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the up-to-now published studies could be reduced. Most interesting are the results concerning 
preterm neonates at particularly high risk: In our experience the rate of very-low-birth-weight 
infants (<1500 g) was successfully reduced from 7.8% in the immediate previous pregnancy 
to 1.3%. In Thuringia, the rate of infants born <32+0 weeks was reduced from 1.36 % to 
0.94%. Several health insurance companies in Germany are currently offering and evaluating 
the self-care measures for their clients. 

Further information can be found on: 
General information : http://www.saling-institut.de/eng/04infoph/01allg.html 
Prematurity Prevention Program: http://www.saling-institut.de/eng/04infoph/

02programm.html 
Self-care measures: http://www.saling-institut.de/eng/04infoph/03selbst.html 
Chapter 8 - Pregnant women are at significant risk of acquiring HIV, particularly in areas 

of high prevalence such as sub-Saharan Africa. HIV in pregnancy results in mother-to-child 
transmission (MTCT) rates of up to 35% in breast feeding populations as well as relative 
increases in antenatal death, spontaneous abortion, stillbirth, and low birth weight infants. 
The identification of HIV-infected women is crucial in the prevention of maternal and infant 
morbidity and mortality. Whilst most countries recommend 1st or 2nd trimester screening of 
pregnant women for HIV, the recognition that pregnant women are at risk of primary HIV 
infection has led to recommendations to repeat testing in the 3rd trimester or during delivery 
itself. In resource rich countries the use of combination highly active antiretroviral therapy 
(HAART), avoidance of breastfeeding, and caesarean section delivery has resulted in 
transmission rates of less than 2%. However, such preventive interventions have been 
associated with adverse consequences for women and their uninfected infants.  

Effective interventions are difficult to implement in developing countries where 
breastfeeding is critical to infant survival and resources for costly drugs and surgical 
procedures are scarce. The health of HIV-infected pregnant women in these settings is further 
compounded by inter-current conditions, notably sexually transmitted infections, 
tuberculosis, anaemia, and malaria, which also require appropriate management. 

A number of trials have shown the benefit of antiretrovirals alone in reducing mother-to-
child transmission (MTCT) of HIV, with WHO recommendations for resource-poor settings 
potentially associated with significantly reduced perinatal and early post-partum 
transmission. However, women subsequently face a significant dilemma in the postpartum 
period where the benefits of breastfeeding but attached risks of HIV vertical transmission 
need to be balanced against the risk of gastroenteritis and malnutrition associated with 
replacement feeding and earlier cessation of breastfeeding. Recently evaluated strategies 
allowing safer breastfeeding include exclusive breastfeeding for six months and neonatal 
prophylaxis with either lamivudine or nevirapine. The use of prolonged maternal HAART 
during the breastfeeding period is currently under investigation.   

Unfortunately many HIV-infected women remain undetected or fail to benefit from 
effective and affordable interventions as a result of inequitable access to health care. The 
greatest challenge of implementing Prevention of Mother-to-Child (PMTCT) interventions 
remains the provision of integrated, accountable healthcare systems with effective procedures 
of governance driven by strong leadership. 
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Chapter 9 - Malaria, HIV infection and anaemia constitute major public health problems 
during pregnancy and are important factors associated with increased risk for adverse 
pregnancy outcomes. The objective of this study was to evaluate the impact of maternal and 
placental malaria, HIV infection and anaemia on perinatal outcome. Pregnant women were 
enrolled at labour ward (LW) at full pregnancy term at Ebonyi State University Teaching 
Hospital (EBSUTH), Abakaliki Nigeria. The study was conducted from November 2006 to 
November 2007. At childbirth, fetal length and head circumference, birth weight and 
placental weight were determined using standard techniques. Maternal peripheral, placental, 
and cord blood samples were obtained. Peripheral and placental malaria was detected using 
microscopy. Haemoglobin concentration (HbC), ABO blood group and genotype were 
performed using standard techniques. HIV infection was screened using ELISA and 
confirmed by Immunoblot analysis. Prevalence of malaria was 16.0% and P. falciparum was 
the only species identified. Individuals of younger age, primigravidae and those who never 
attended antenatal clinic (ANC) were more likely to have malaria. Prevalence of malaria 
significantly decreased with increase in HbC (χ2=23.8, P<0.05). Individuals with HbAA 
genotype and those with blood group O had higher prevalence of malaria infection. 
Prevalence of HIV infection at childbirth was 3.6% and malaria prevalence was significantly 
higher among HIV-positive women (χ2=13.3, P<0.05). Malaria infected women had a 
significantly higher proportion of LBW babies (P<0.05). A higher proportion of LBW was 
recorded among anemic women, primigravidae, those with HIV infection, blood group O and 
HbAA genotype and those who never attended ANC. Prevalence of placental malaria was 
12.2%. Women with peripheral malaria infection had significantly higher proportion (54.2%) 
of placental infection than those without peripheral malaria infection (3.5%) (χ2=94.4, 
P<0.05). A significantly higher proportion (33.3%) of malaria infected placentas had the 
lowest placental weight (0.4kg) (χ2=6.99, P<0.05) and a higher proportion of babies born by 
mothers with malaria infected placenta had low birth weight (<2.5kg), lower fetal length and 
head circumference. Prevalence of fetal anaemia (cord HbC<12.5g/dl) was 65.6%. Babies of 
malaria infected, HIV-positive, and anaemic mothers had a higher proportion of FA. There is 
need to strengthen ANC services to ensure delivery of malaria, HIV and anaemia 
interventions within existing health systems, to reduce adverse perinatal outcome.  

Chapter 10 - Toxoplasmosis is a disease of considerable public health impact. As the 
transmission, occurrence and phenotype of this disease are influenced in a complex way by 
host genetics, immunity, behavior and by the agent characteristics, prevention is not simple. 
Primary toxoplasmosis is a relatively benign disease usually acquired by ingestion of food 
contaminated by a protozoan parasite with a complex life cycle. However, in the case of 
primary infection during pregnancy, the parasite can be transmitted to the fetus, causing 
visual or neurological impairment or even death. The main risk factors for toxoplasmosis in 
pregnant women are unsanitary feeding habits, poor immune system, contact with cats, 
contact with soil, pregnancy, number of births, older age, race, travelling outside the country, 
drinking beverages prepared with unboiled water, consumption of municipal or uncontrolled 
water and T. gondii strain virulence. The severity of congenital T. gondii infection underlines 
the need for a precise diagnosis of acute infection during pregnancy. The microbiological 
diagnosis is primarily based upon serological tests, since the recovery of the parasite from 
biological samples is often unpractical due to its particular life cycle. Infection in the mother 
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or congenital infection in the child are usually asymptomatic and can only be detected by 
serological screening for Toxoplasma specific antibodies. The search for specific IgM has 
been widely used for this purpose, but their possible early disappearance or persistence over 
time limits their meaning. This has led to the search of additional serological biomarkers 
which include the detection of specific IgA, IgE and IgG avidity. Identifying acute infection 
through repeated antenatal tests facilitates fetal diagnosis through polymerase chain reaction 
amplification of DNA in amniotic fluid and ultrasonography to monitor fetal development. 
Eventually, the presence of IgM and IgA antibodies and/or persistence of IgG at one year of 
life in neonatal serum samples confirm congenital infection. As prenatal treatment of women 
and postnatal treatment of infants are hampered by the lack of proven efficacy, prenatal 
serological screening, although a matter of debate, should be considered in a constructive 
approach to better monitor and reduce the impact of toxoplasmosis on pregnant women and 
their newborn infants.  

Chapter 11 - Italian law requires serological screening for toxoplasmosis by the 13th 
week of pregnancy, with further screenings for seronegative women every 30-40 days until 
delivery (a total of 5-7). In order to make this protocol effective, full cooperation is required 
between physician and patient, and its implementation is particularly problematic in the case 
of women coming from countries with different languages, cultures and health conditions. 
Italy has recently seen an increase in immigration from countries outside the European 
Union, which means that a growing number of extra-Community women are involved in the 
screening programme. An audit of how such screening is carried out is of paramount 
importance in order to assess its effectiveness, identify its weaknesses, and plan focused 
interventions. 

We considered the data regarding 3395 pregnant women referred for serological 
screening for anti-Toxoplasma IgG antibodies in the three years 2005-2007: 2465 Italians 
(72.6%) and 930 (27.4%) of foreign origin. Among the latter, 337 (36.2%) came from 
Eastern Europe, 213 (22.9%) from the Middle East and the Maghreb, 158 (17.0%) from Latin 
America, 94 (10.1%) from China and the Far East, 66 (7.1%) from the Indian subcontinent, 
and 62 (6.7%) from Equatorial and Southern Africa. 

By the end of the first trimester, 85.0% of the Italians and 81.2% of the foreign women 
(p<0.01) had undergone their first screening. With reference to origin, the differences from 
Italians were statistically significant only in the case of the African (96.8%), Latin American 
(77.2%) and Chinese women (71.3%). The prevalence of anti-Toxoplasma IgG ranged from 
3.2% in the women of Chinese origin to 54.4% in those of Latin America: comparison with 
the Italian prevalence (19.4%) showed that all of the differences were statistically significant 
(p<0.01) except for that relating to the women of the Indian subcontinent (13.6%). Five or 
more screenings (as indicated by the Italian Ministry of Health) were undergone by 32.2% of 
the seronegative Italians and 30.4% of the seronegative foreign women, among whom the 
differences from the Italians were statistically significant only in the case of the Latin 
American (20.8%, p<0.05) and Chinese women (18.7%, p<0.01). In conclusion, our study 
shows that screening is active in recruiting both Italian and foreign women by the end of the 
first trimester of pregnancy, when it is easier to assess and manage a possible acute infection. 
However, it seems to be more difficult to implement the full screening programme as 
indicated by the Ministry of Health as only about one-third of the seronegative women 
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underwent five or more screenings. Furthermore, the management of screening is particularly 
problematic in the case of Chinese and Latin American women, which should stimulate more 
health education campaigns. 

Chapter 12 - The term “rickettsioses” traditionally has included the diseases caused by 23 
species of the genus Rickettsia up-to-date recognized to be pathogenic to humans as well as 
diseases caused by Coxiella, Ehrlichia, Anaplasma and Orientia species, which belong to 
different genera, families or even orders. Infections caused by rickettsiae and related 
pathogens are of major morbidity worldwide; additionally, new pathogens are continuously 
recognized and consideration has recently been given to their potentiality as biological 
weapons. 

Pregnant women, especially those living in endemic areas, are of considerable risk for 
rickettsioses, but very little is known about the natural course of infections caused by 
rickettsiae and related pathogens during pregnancy. Transplacental passage has not been 
documented for any of the pathogens of the genus Rickettsia, the youngest serologically 
confirmed case having been a R. ricketsii infection a 6-month-old infant. By contrast, 
transplacental transmission is likely, for Orientia and Anaplasma species, thus treatment of 
the newborn should be considered in such cases. C burnettii, a major cause of infertility and 
abortions in animals has been associated with obstetric complications, abortions and 
stillbirths in humans as well and perinatal infection with this pathogen is considered possible. 

The treatment of infections caused by rickettsiae and related pathogens in pregnancy 
raises serious safety issues. Tetracyclines, which are the treatment of choice for non-pregnant 
adults can be toxic for both, the mother and the fetus and the alternative choice of 
chloramphenicol has been associated with the rare but life-threatening complication of “gray 
baby syndrome” if given near term. Macrolides have been safely used in pregnancy for the 
treatment of other infections and seem to be an attractive option but their efficacy against the 
most serious of these infections, i.e., R rickettsii, is questioned. Moreover, macrolides alone 
are not sufficient for the management of C burnettii infection, which has the potential of 
chronicity and can complicate future pregnancies. 

Rickettsioses in pregnancy are associated with complications both for the mother and 
fetus/infant. Treatment of these infections remains challenging and controversial and should 
be carefully considered on case-by-case basis until further investigation elucidates the natural 
course of the infections in pregnancy and the efficacy and safety issues. Prevention, 
principally by avoiding ticks and contact to infected animals, is of paramount significance. 

Chapter 13 - The objective of our studies was to estimate the association between 
maternal glomerulonephritis / urinary tract infections (UTI) during pregnancy and structural 
birth defects, i.e. congenital abnormalities or adverse pregnancy outcome. The prevalence of 
these maternal diseases during the first trimester of pregnancy in cases with different 
congenital abnormalities was compared to that of matched controls without congenital 
abnormalities in the population-based Hungarian Case-Control Surveillance System of 
Congenital Abnormalities. Of 22,843 cases with congenital abnormalities, 309 (1.35%) had 
mothers with glomerulonephritis during pregnancy, compared to 479 (1.26%) of 38,151 
controls (adjusted POR with 95% CI = 1.0, 0.9-1.2). Specified groups of congenital 
abnormalities were also assessed versus controls. Cases with isolated intestinal 
atresia/stenosis (adjusted POR with 95% CI: 6.8, 1.3-37.4) based on five cases were more 
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likely to have mothers with prospectively and medically recorded glomerulonephritis. A total 
of 1542 (6.75%) mothers in the case group had UTI during the entire pregnancy compared 
with 2188 (5.74%) mothers in the control group (adjusted prevalence odds ratios [POR] with 
95% CI: 1.15, 1.06-1.24). We did not find a higher prevalence of UTI during the second 
and/or third months of pregnancy in total case group (adjusted POR with 95% CI: 1.1, 0.9-
1.2) and in any group of CAs including atrial septal defect type II. In conclusion a higher rate 
of congenital isolated intestinal atresia/stenosis may be associated with maternal 
glomerulonephritis. However, this finding is considered only as signal and further studies are 
needed to confirm or reject this possible association. Maternal urinary tract infections during 
pregnancy increase pre-eclampsia and polyhydramnios, and in addition the rate of preterm 
birth; however, the latter is preventable by appropriate drug treatments. No evidence was 
found for the teratogenic effect of maternal UTI and related drug treatments during early 
pregnancy. 

Chapter 14 - Dengue infection is a common arboviral infection that poses a significant 
threat to tropical countries. The serious forms of this infection are called dengue hemorrhagic 
fever and dengue shock syndrome. These serious forms of dengue infection can lead to a high 
rate of fatality. Pregnant women in the endemic area of dengue infection can be infected and 
can develop many signs and symptoms. In this chapter, the author will focus on dengue 
infection in pregnancy, especially on the pattern of hematological disturbance. The co-
manifestation with other common hematological disorders in pregnancy will also be 
mentioned. 

Chapter 15 - Infectious diseases of respiratory system frequently complicate pregnancy. 
This review evaluates the possible association between maternal infectious diseases of the 
respiratory system during pregnancy and preterm birth or structural birth defects, i.e., 
congenital abnormalities (CAs), in addition to their pregnancy complications based on the 
data set of the Hungarian Case-Control Surveillance of Congenital Abnormalities. 

At the evaluation of a common cold, it is necessary to differentiate the usual common 
cold (with short duration and without fever) and the common cold with secondary 
complications (i.e., with longer duration and frequently high fever). Pregnant women with a 
common cold mainly with secondary complications did not have a higher incidence of 
pregnancy complications. The gestational age at delivery was 0.1 week shorter with a 
somewhat higher rate of preterm birth, but these differences had no real clinical importance. 
However, an association of common cold (mainly with secondary complications) in the 
second and/or third gestational month of pregnancy with a higher rate of newborns with 
congenital cataract, cleft lip + palate and possibly some other specific congenital 
abnormalities was found, and this association was preventable with antifever drug treatments.  

Acute infectious diseases of the respiratory system cover a wide spectrum of diseases, 
from sinusitis to pneumonia. These diseases during pregnancy have no obvious effect of 
pregnancy complications. Infectious respiratory diseases in the severe lower catetory were 
associated with a higher risk for preterm birth, but their mild upper category seems to reduce 
indirectly the rate of preterm birth. Acute infectious diseases of the respiratory system during 
the second and third gestational months of pregnancy were not associated with a higher risk 
for the total group or any specific group/entity of congenital abnormalities. However, 
frequently high-fever–related tonsillitis in pregnant women was associated with a higher risk 
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for congenital cataract, neural-tube defects, cleft lip + palate and unclassified multiple 
congenital abnormalities. We may suppose that the association between these fever-sensitive 
defect groups and tonsillitis may be caused by high fever, because the parallel antifever 
treatment was able to prevent this risk. 

Finally, influenza during pregnancy was evaluated. The short duration of influenza in 
pregnant women did not increase the risk for pregnancy complications. Our study showed 
that the appropriately treated pregnant women affected with influenza in the first and second 
trimester of pregnancy have no higher risk for preterm birth. However, the high- fever–
related influenza in the second and/or third gestational month of pregnancy may associate 
with a higher risk of some hyperthermia-sensitive CAs such as neural-tube defects, 
congenital cataract, cleft lip + palate, cleft palate only, cardiovascular CAs, and unclassified 
multiple CAs. The main finding of our study is that this higher risk for these major CAs can 
be prevented by the parallel use of antifever drugs. 

Chapter 16 - Objective: To assess the maternal outcomes and the characteristic features 
of pregnancy with smallpox. 

Design: Retrospective collection and review of literature on previous smallpox 
outbreaks. 

Setting: Case fatalities in 16 outbreaks and miscarriage and premature birth in 15 
outbreaks in Europe, Australia and the United States during the 19th and 20th centuries. 

Population: Pregnant smallpox cases at various gestational periods and with various 
vaccination histories. 

Methods: Overall crude estimates of the outcomes were obtained based on the collected 
publications. Stratifications were then performed by gestational period, clinical classification 
of smallpox, and vaccination status. 

Main outcome measures: Case fatality, and miscarriage and premature birth. 
Results: Overall case fatality and the proportion of miscarriage and premature birth were 

estimated as 34.3% (95% confidence interval (CI); 31.4, 37.1) and 39.9% (36.5, 43.2), 
respectively. Although the estimate of case fatality was highest during the third trimester 
(40.5% (26.8, 54.2)), miscarriage and premature birth did not show a clear localised pattern 
according to gestational stage. Vaccination prior to pregnancy effectively reduced the risk of 
death in three outbreaks (p < 0.01, p = 0.02 and p < 0.01, respectively). Miscarriage and 
premature birth were frequently observed even among those with mild classifications of 
smallpox. 

Conclusions: Despite the extremely high estimates of both outcomes, fatality can be 
lowered by vaccination prior to pregnancy. Nevertheless, it might be difficult to prevent cases 
from miscarriage and premature birth using vaccination only. The historical records appeared 
useful for clarifying the examined outcomes and in characterising the common patterns. 

Chapter 17 - Chicken pox infection is a common viral infection. Fever with skin 
abnormality is the common presentation. Pregnant women in areas with poor hygienic 
conditions can become infected and can develop many signs and symptoms. In this chapter, 
the author will focus on chicken pox infection in pregnancy. Important reports are reviewed 
and presented. 
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Abstract 
 

Epidemiological reports estimate that 7.7 million perinatal deaths occur annually 
worldwide, including 4.3 million that take place in late pregnancy, while the remaining 
neonates die in the first weeks of life. Reports attribute the majority of these 
consequences to infections of the fetus in utero. Infections during pregnancy affect the 
mother, and often some infections may be transmitted to the fetus in utero, during the 
intrapartum period or, postnatally, with potentially serious consequences. Many 
infections have been linked to increased risks of premature delivery and low birth 
weight, and associated morbidity and mortality of both mother and child. Acute or 
chronic specific infectious diseases may be contracted during the course of pregnancy, 
and conception may occur in women already subject to an infection. The coexistence of 
pregnancy may aggravate the risk to maternal life in cases of the more serious of these 
diseases. In pregnancy most infections are no more common, nor more serious than in a 
non-pregnant population of women of similar age. The effects on pregnancy depend on 
the degree of pyrexia, its duration, and the stage of fetal development when it occurs. 
Mild exposures during the preimplantation period, and more severe exposures during 
embryonic and fetal development often result in miscarriage, premature labor, growth 
restriction, or stillbirth. Hyperthermia may also cause a wide range of fetal structural and 
functional defects, with the central nervous system (CNS) being most at risk. While there 
is a greater incidence of neonatal morbidity and mortality with transmitted infections, not 
all maternal infections lead to transmission to the fetus, nor does transmission to the fetus 
lead to disease or sequelae. During the puerperium, parturient women are particularly 
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susceptible to serious infections of the genital tract and childbed fever remains one of the 
most important causes of maternal death. Infections in pregnancy may be viral, bacterial 
or protozoal, affecting both mother and fetus. Some of the infections cause fevers, while 
others may not; this chapter will concentrate on infections resulting in maternal pyrexia, 
and some other infections which may not result in maternal pyrexia, but have important 
implications for the pregnancy and the fetus.  
 
 

Introduction 
 
Infections during pregnancy affect the mother and often some infections may be 

transmitted to the fetus in utero, during the intrapartum period or, postnatally, with 
potentially serious consequences. Epidemiological reports estimate that 7.7 million perinatal 
deaths occur annually worldwide, including 4.3 million that take place in late pregnancy, 
while the remaining neonates die in the first weeks of life [1, 2, 3, 4, 5]. Reports attribute the 
majority of these consequences to infections of the fetus in utero [6, 7]. Acute or chronic 
specific infectious diseases may be contracted during the course of pregnancy, or conception 
may occur in women already infected. The coexistence of pregnancy may aggravate the risk 
to maternal life in cases of the more serious of these diseases. In pregnancy most infections 
are no more common, nor more serious than in a non-pregnant population of women of 
similar age. The effects on pregnancy depend on the degree of pyrexia, its duration, and the 
stage of fetal development when it occurs. Many infections have been linked with increased 
risks of premature delivery and low birth weight, and associated morbidity and mortality. 
Hyperthermia acts as a teratogen in some animals where it can induce resorption of the fetus 
and fetal death. Fever during pregnancy, especially in the period of embryogenesis, is also 
suspected as being a risk factor for fetal death. Drawing on the large Danish Birth Cohort 
study involving over 24 000 women identified about 4500 women (18·5% of those enrolled) 
who recalled having a fever during the first 16 weeks of pregnancy, which shows that in early 
pregnancy maternal fever is a common event [8]. In general, perinatal infections have more 
severe fetal consequences when they occur early in gestation, because first-trimester 
infections may disrupt organogenesis. Second- and third-trimester infections can cause 
neurologic impairment or growth disturbances. In utero infection may be associated with 
certain ultrasound findings, including intrauterine growth restriction, echogenic bowel, 
intracranial or intrahepatic calcifications, hydrocephalus, microcephaly, isolated ascites, 
pericardial or pleural effusions, or nonimmune hydrops, although congenital infections may 
be asymptomatic [9]. The effects on pregnancy depend on the extent of temperature 
elevation, its duration, and the stage of fetal development when it occurs. Mild exposures 
during the preimplantation period and more severe exposures during embryonic and fetal 
development often result in miscarriage, premature labour, growth restriction and stillbirth. 
Hyperthermia may also cause a wide range of fetal structural and functional defects, with the 
central nervous system (CNS) being most at risk. While there is a greater incidence of 
neonatal morbidity and mortality with transmitted infections, not all maternal infections lead 
to transmission to the fetus, nor does transmission to the fetus lead to disease or sequelae.  

During the puerperium, parturient women are particularly susceptible to serious 
infections of the genital tract and childbed fever remains one of the most important causes of 
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maternal death. Infections in pregnancy may be viral, bacterial or protozoal, affecting both 
mother and fetus. Some of the infections cause fevers, while others may not, but have 
important implications for the pregnancy and the fetus (Table 1). 

 
Table 1. Causative agents, transmission, and effects on mother and fetus/neonate 
 

Infecting agent Transmission 
 

Potential effects on mother Potential effects on 
fetus/newborn 

1) Viral 
Coxsackie A and B 
 
 
 
 
 
 
 
Cytomegalovirus 
 
 
 
 
Echovirus 
 
 
 
Enteroviruses 
 
 
Hepatitis B 
 
 
 
 
 
 
Hepatitis C 
 
 
 
 
 
 
Herpes simplex 
 
 
 
 
 
 
 
 

 
Mostly intrauterine 
 
 
 
 
 
 
 
Mostly intrauterine. 
50% in primary 
maternal infection 
(25% symptomatic) 
 
 
 
 
 
 
 
 
Intrauterine, 
postnatal, mostly 
perinatal. Risk of 
perinatal infection if 
mother HBAg +ve is 
90% 
 
Intrauterine, mostly 
perinatal. 0%-6.2% 
depending on HCV 
RNA-titres. Upto 
19.4% in HCV/HIV 
+ve patients 
 
Intrauterine and 
perinatal. 40-50% 
risk of severe 
neonatal infection 
after primary 
maternal genital 
infection, and 8% 
risk after secondary 
infection  

 
Herpangina; hand, foot, mouth 
disease; myocardiopathy, 
aseptic meningitis, Bornholm 
disease 
 
 
 
 
Usually asymptomatic. 
Sometimes moderate to high 
fever in primary infection 
 
 
Rash may resemble rubella; 
mimics appendicits and 
abruption placenta  
 
Non-specific febrile illness, 
abdominal pains 
 
Asymptomatic chronic carrier 
state, acute hepatitis 
 
 
 
 
 
Acute hepatitis, cirrhosis, 
hepatocellular carcinoma. 
 
 
 
 
 
Oral or genital papular 
eruptions; more severe in 
pregnancy 
 
 
 
 
 
 
 

 
Abortion, stillbirth, 
neonatal sepsis, 
myocarditis-
meningoencephalitis, 
? gastrointestinal, cardiac 
and urogenital defects,  
 
 
Deafness, microcephaly, 
hepatosplenomegaly, 
hydrops fetalis 
 
 
Neonatal sepsis, 
disseminated infection 
(hepatic necrosis), late 
stillbirth,  
Neonatal sepsis 
 
 
Chronic carrier, rarely 
acute fulminant neonatal 
hepatitis 
 
 
 
 
?effects 
 
 
 
 
 
 
Abortion after primary 
infection, fatal 
disseminated infection, 
prematurity, congenital 
malformations, stillbirth, 
intrauterine growth 
restriction 
 
?Infantile disease, 
viremia 
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Table 1. (Continued) 
Infecting agent Transmission 

 
Potential effects on mother Potential effects on 

fetus/newborn 
Human 
Immunodeficiency 
viruses (HIV-1 and 
HIV-2) 
 
 
 
 
Influenza 
 
 
 
 
 
 
 
Lymphocytic 
choriomeningitis 
virus 
 
Measles 
 
 
 
Mumps 
 
 
 
Poliomyelitis 
 
 
Rubella (German 
measles) 
 
 
 
 
 
 
 
Parvovirus B19 
 
 
 
 
 
 
 
Varicella zoster 
(Chickenpox) 
 
 
 
 

Intrauterine, 
postnatal, mostly 
perinatal. 2%-40% 
transmission 
depending on 
treatment, and 
breastfeeding 
 
Intrauterine and 
postnatal 
 
 
 
 
 
 
Mostly intrauterine 
 
 
 
Mostly intrauterine 
 
 
 
Intrauterine 
 
 
 
 
 
 
Mostly intrauterine, 
postnatal. 40%-60% 
risk of severe defects 
in months 1and2, 
30%-35% in month 
3, 10% in month 4. 
rare fetal damage 
after 20 weeks 
 
Intrauterine 
 
 
 
 
 
 
 
Intrauterine and 
perinatal. No 
accurate figures; 
estimated 0.7%-2.2% 
transmission 
 

Asymptomatic, unless had 
AIDS 
 
 
 
 
 
 
Upto 54% mortality in 
pandemics 
 
 
 
 
 
 
Meningitis/meningoencephalitis 
 
 
 
May be complicated by 
pneumonia and CCF. More 
severe. May be fatal 
 
Nonspecific effects 
 
 
 
Increased severity, mortality 
 
 
Mild nonspecific symptoms 
 
 
 
 
 
 
 
 
Asymptomatic, “slapped-
cheek” rash, erythema 
infectiosum (Fifth disease) 
 
 
 
 
 
More severe; maternal death 
 
 
 
 
 

Uncertain. ?CNS 
malformations, neural 
tube defects, ?circulatory 
malformations, ?cleft lip, 
?reductive deformities 
 
 
 
Congenital disease 
 
Congenital measles, 
?increased mortality 
 
 
 
 
?increased mortality,  
?endocardial 
fibroelastosis 
 
Stillbirth, neonatal 
disease 
 
 
Congenital 
malformations, abortions, 
fetal death, chronic 
infection  
 
 
 
Second trimester 
abortions, hydrops fetalis 
due to severe anemia, 
?myocarditis, ?hepatitis, 
haematological effects in 
late pregnancy,  
 
 
 
Varicella embryopathy, 
congenital varicella 
syndrome, infantile 
zoster, microcephaly, 
focal brain calcification, 
optic atrophy, skin 
scarring, limb atrophy 
 
Abortion, stillbirth, 
premature birth, non-
immune hydrops, 
intrauterine growth 
restriction, perinatal 
death, congenital disease 
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Table 1. (Continued) 
Infecting agent Transmission 

 
Potential effects on mother Potential effects on 

fetus/newborn 
2) Bacterial 
Treponema pallidum 
 
 
 
 
 
 
 
 
 
 
Mycobacterium 
tuberculosis 
 
 
 
Listeria 
moncytogenes 
 
 
 
 
 
Borrelia burgdorferi 
(Lyme disease) 
 
 
 
 
 
 
 
 
 
 
3) Protozoal 
Toxoplasma gondii 
 
 
 
 
 
 
 
 
 
Plasmodium species 

Intrauterine. 0.02%–
4.5%, but varies in 
regions 
 
 
 
 
 
 
 
 
 
Mostly intrauterine, 
postnatal.  
 
 
 
Mostly intrauterine, 
perinatal. Soil, food, 
animals.  
 
 
 
 
Intrauterine 
 
 
 
 
 
 
 
 
 
 
 
Intrauterine. 15% -
40%. Acquired 
through eating raw or 
undercooked meat or 
ingesting soil 
contaminated with 
toxoplasma oocysts, 
which are excreted in 
the faeces of infected 
cats. 
 
Intrauterine. 
Placental malaria 
rates 4.7%-74% in 
endemic areas 

Primary (asymptomatic, 
chancre, lymphadenopathy), 
secondary (rash, condylomata, 
alopecia, arthritis, periostitis, 
optic neuritis, intersitial 
keratitis, iritis, uveitis, 
meningitis) and tertiary 
(cardiovascular, neurological, 
joint disorders, gummas, 
dementia)  
 
 
9% of all deaths of women of 
reproductive age. Malaise, 
night sweats, weight loss, 
usually respiratory symptoms 
 
Headache, myalgia, fever, loin 
pains, pharyngitis, 
gastrointestinal symptoms 
 
 
 
 
3 stages: early localized, early 
disseminated, and late disease. 
Erythema migrans, rash, palsies 
of the cranial nerves, 
meningitis, conjunctivitis, 
carditis, arthritis, 
Meningoradiculoneuritis 
(Bannwarth syndrome). 
Systemic symptoms, such as 
arthralgia, myalgia, headache, 
fatigue 
 
Usually asymptomatic or mild, 
non-specific symptoms. 
Posterior cervical 
lymphadenopathy 
 
 
 
 
 
 
 
Increased susceptibility. 
Maternal death, anemia 

Abortion, premature 
birth, stillbirth 
 
 
 
Fetal death, chronic 
intrauterine, congenital 
or perinatal infection, 
prematurity, 
meningoencephalitis. 
 
 
Miscarriage, stillbirth, 
neonatal deaths, 
congenital Lyme disease 
hydrocephalus, 
cardiovascular 
anomalies, neonatal 
respiratory distress, 
hyperbilirubinemia, 
intrauterine growth 
restriction, cortical 
blindness 
 
Hydrocephalus, 
intracranial calcification, 
chorioretinitis. Jaundice, 
anemia, 
hepatosplenomegaly, 
lymphadenopathy 
 
 
 
 
 
 
Abortion, stillbirth, 
premature delivery, 
intrauterine growth 
restriction, low birth 
weight. 
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Pre-Pregnancy Counselling and Antenatal 
Screening 

 
Ideally, all women should consult their health-care provider before conception. Pre-

pregnancy testing for infections should include an assessment of rubella immunity, syphilis 
status, human immunodeficiency virus (HIV) status, and immunity to hepatitis B. Some 
countries test for varicella IgG antibody to exclude previous infection with chickenpox. 
Women in close contact with children, such as childcare workers, may be at increased risk of 
cytomegalovirus (CMV) infection during pregnancy, and should be tested for CMV IgG 
before conception. A pre-pregnancy visit is also an opportunity to give dietary and other 
advice on how to reduce the risk of contracting listeriosis and toxoplasmosis, ie. avoid raw or 
undercooked meat and meat products; peel or wash raw fruit and vegetables thoroughly to 
remove contaminating soil, and to wash hands after disposing of cat litter or gardening. The 
pre-pregnancy session also provides an opportunity for counselling of both partners to avoid 
casual sexual contact, and intravenous drug use and consequent risk of infection. Women 
who lack immunity to rubella, hepatitis B, or varicella, should be advised vaccinations, and 
pregnancy should be postponed for at least two months after completion of the vaccination 
[10]. 

 
Table 2. CDC Recommendations for STI Screening in Pregnancy [13] 

 
Condition Screening recommended? Preferred test 
Bacterial vaginosis* No - 
Chlamydia Yes: all pregnant women NAAT 
Gonorrhea Yes: women who are at risk† or living in a 

high-prevalence area 
NAAT or culture on 
Thayer-Martin media 

Hepatitis B Yes: all pregnant women HBsAg serology 
Hepatitis C Yes: women who are at high risk‡ Anti-HCV 
Herpes No (culture lesions if present) Culture, PCR 
HIV Yes: all pregnant women EIA, Western blot 
HPV No - 
Syphilis Yes: all pregnant women RPR or VDRL 
Trichomoniasis No - 

NOTE: "Yes" indicates screening is recommended at the first prenatal visit, with repeat screening in the 
third trimester for those at risk.  

CDC = Centers for Disease Control and Prevention; STI = sexually transmitted infection; NAAT = 
nucleic acid amplification test; HBsAg = hepatitis B surface antigen; HCV = hepatitis C virus; 
PCR = polymerase chain reaction; HIV = human immunodeficiency virus; EIA = enzyme 
immunoassay; HPV = human papillomavirus; RPR = rapid plasma reagin; VDRL = Venereal 
Disease Research Laboratories. 

*-Bacterial vaginosis is not an STI, but it is more common in sexually active women. †-Women who 
have a new or more than one sex partner. 

‡-Women with a history of injection drug use, repeated exposure to blood products, or blood 
transfusion or organ transplant before 1992. 
 
Screening should generally be applied to all pregnant women [11]. Selective screening 

based on risk factors is unreliable — eliciting risk factors for all relevant infections is time-
consuming and unlikely to identify all those at risk — and women are generally more willing 
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to accept routinely offered tests than to acknowledge, if they are aware of it, being at high 
risk [12]. Informed consent should be obtained for routine antenatal screening, which implies 
that women have the option of refusing. The Centers for Disease Control and Prevention 
(CDC) recommends screening for some sexually transmitted infections (STI’s) at the first 
prenatal visit, then again in the third trimester for mothers at high risk (Table 2) [13]. 

Screening tests should be conducted as early as possible during pregnancy. Tests that are 
recommended include those for human immunodeficiency virus (HIV) infection, hepatitis B 
and C, syphilis, and Chlamydia trachomatis. Women at risk should be tested for Neisseria 
gonorrhea. Women younger than 25 years and those who are at risk of chlamydia (e.g., those 
who have multiple sex partners) should be rescreened in the third trimester. Women who 
continue to be at risk of gonorrhea should also be rescreened in the third trimester [13]. In 
cases of current infection, treatment should be instituted immediately, and physicians should 
counsel the patient to use condoms and avoid sexual contact until her partner has been 
treated. 

 
 

Effects of Hyperthermia in Pregnancy 
 
Persistent elevation of body temperature above normal levels in an individual is defined 

as fever. The normal body temperature usually lies between 37.0 and 37.5◦C with diurnal 
variations. Disturbances of temperature regulation in disease can be explained by shifts in 
body water, inadequate hydration, and changes in metabolism. The pattern of febrile response 
may be intermittent (falling to normal each day), remittent (falling each day, but still 
remaining above the normal), sustained (without significant diurnal variation), or relapsing 
(alternating with periods of one to several days of normal temperatures). The underlying 
sequence of events seems to be the removal of endotoxins from the circulation by fixed 
phagocytes of the reticuloendothelial system, followed by margination of polymorphonuclear 
leukocytes along the margins of the vessels. These two types of cells undergo activation to 
release endogenous pyrogen in to the circulation. The pyrogen produced in response to toxic, 
immunological or infectious stimuli, is induced through the release of lymphocytic 
lymphokines arising in response to antigenic recognition, and acts on the hypothalamic 
thermoregulatory center, transmitting information to the vasomotor center, possibly through 
production of prostaglandin [14]. 

The release of endogenous pyrogen by phagocytic cells appears to be the common factor 
in the pathogenesis of fever, irrespective of its cause (Table 3). 

Modes of transmission of infective agents include transplacental transfer via umbilical 
blood flow, or by direct spread to the amniotic fluid, ascending transmission from the cervix 
and uterus to the amniotic fuid, intrapartum exposure to maternal vaginal secretions and 
blood, or by postpartum exposure to maternal respiratory secretions or breast milk. There is a 
clear association between antenatal infection/inflammation and preterm labour, with 
intrauterine infection complicating up to one third of preterm deliveries [15]. In addition to 
this, there is now accumulating evidence that intrauterine infection and inflammation can lead 
to the development of a systemic inflammatory response in the fetus and subsequent tissue 
injury. The fetal inflammatory response is characterized by funisitis, high levels of pro-
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inflammatory cytokines in the amniotic fluid and cord blood, and systemic immune activation 
[16]. A hyperthermic episode during pregnancy can result in embryonic death, abortion, 
growth retardation, and defects of development [17]. During a sensitive stage of 
development, hyperthermia can cause apoptosis, interruption of the normal sequence of 
developmental gene activities and damage to the embryonic vascular system. The thermal 
dose delivered to an embryo is a product of the elevation of temperature above normal and 
the duration of that elevation.  

 
Table 3. Infectious and non-infectious causes of fever in the mother 

 
Systemic diseases Non-infectious diseases Bacterial infections 

1. Tuberculosis 
2. Gall bladder  

• cholecystitis 
• cholangitis 
• empyema 

3. Abscesses 
• subphrenic 
• hepatic 
• pelvic 
• cerebral 
• dental 
• breast 

4. Gastrointestinal 
• appendicitis 
• diverticulitis 

5. Urinary tract 
infections 

6. Retroperitoneal 
infection 

7. Septicemia 
• meningococcal 
• streptococcal 
• staphylococcal 
• gonococcal 
• listeriosis 
• vibriosis 
• brucellosis 

8. Endocarditis 
9. Breast 

• mastitis 
10. Other 

• Q-fever 
• amebiasis 
• leptospirosis 

1. Neoplasms 
• Lymphoma 
• Leukemia 
• Melanoma 
• Metastasis 
• Retroperitoneal 

sarcoma 
• Tumors of the lung, 

kidney, pancreas, liver 
2. Connective tissue disease 
• Rheumatic fever 
• Systemic lupus 

erythematosis 
• Rheumatoid arthritis 
3. Other 
• Drug fever 
• Thromboembolism 
• Sarcoidosis 
• Hemolytic disease 

1. Gonococcal 
• septicaemia 
• salpingitis 
• arthritis 
2. Secondary 

syphilis 
3. Gas gangarene 
4. Tetanus 
5. Opportunistic – 

associated with immune 
deficiency syndrome – 

• candidiosis 
• cryptococcosis  
• histoplasmosis  
• aspergillosis  
• coccidiomycosis 
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As the temperature is increased, the time required to cause a defect is reduced. There are 
several ways in which maternal infection might lead to inflammation within the fetal tissue 
and the loss of vulnerable cell populations. Bacterial products could cross to the fetal 
circulation, bind specific cell-membrane receptors such as CD14 and toll-like receptors [18], 
both on inflammatory cells within the systemic circulation and the brain, initiating a cascade 
of intracellular events and activating transcription factors such as nuclear factor κ-B and 
production of proinflammatory cytokines (e.g. TNF-α, IL-1β and IL-6).  

These proinflammatory cytokines have a variety of cerebral effects including a direct 
toxic effect on neurones and vulnerable oligodendrocyte precursor populations, [19], gliosis 
with release of nitric oxide and mitochondrial dysfunction, [20], as well as microglial 
activation [21]. 

Animal studies describe clearly the direct correlation between increasing brain 
temperature and susceptibility to a variety of neurotoxic factors. Hypothermia can be 
neuroprotective after hypoxia–ischemia in neonatal animals, while hyperthermia increases 
brain injury after ischemia in adult rats [22, 23].  

Maternal pyrexia, resulting from both microbial infection as well as noninfective causes 
such as epidural anaesthesia, could therefore augment the deleterious effects of hypoxia on 
the fetal brain, possibly by increasing the cerebral metabolic rate and demand for oxygen.  

Systemic fetal hypotension, endothelial injury and leukocyte aggregation may all 
contribute to local tissue ischemia, especially in vulnerable areas such as deep white matter. 
Many of these mechanisms could lead directly to cell death. They may also have an indirect 
neurotoxic effect by sensitising the brain and lowering the threshold at which hypoxia 
triggers apoptosis [24]. 

Hyperthermia interferes with protein synthesis via heat-shock proteins, inducing cell 
death in the S-phase of the cell cycle by apoptosis and delay of mitotic activity in M-phase 
cells, and causing vascular disruption and placental infarction. All these mechanisms can lead 
directly to death of the embryo or to severe and lethal malformations. Furthermore, heat-
induced increased uterine contractility can lead to expulsion of the fetus at a non-viable stage 
of gestation [25]. Studies have found that children of mothers who experienced infectious 
fevers in pregnancy were more likely to have neurological problems than children whose 
mothers had the infection without fever. [26].  

The association between maternal influenza, or fever, in the second trimester of 
pregnancy, and the later onset of schizophrenia in the offspring raises the possibility of 
hyperthermia being one of the initiating factors in this condition, and perhaps, a number of 
other neurological conditions of uncertain etiology such as cerebral palsy and autism. 
Inflammation (leukocytic invasion) of the chorioamnion (chorioamnionitis) and/or umbilical 
cord (funisitis) marks the maternal and fetal immune responses, respectively. While these 
histologic markers may result from numerous insults (hypoxic injury, trauma, meconium or 
allergens), by far the most common is the immune response to subclinical or clinical infection 
[27, 28, 29, 30].  

The immune status of an individual may be innate or acquired. Innate immunity is 
genetically or constitutionally determined, and is not a function of cells of the immune 
system or antibodies, but of physiological, biochemical or anatomical differences between 



Dushyant Maharaj 10 

species. The response of adults to antigen stimulation consists of production of IgM, followed 
by production of IgG.  

The pattern of response in the neonate is different; IgM is produced as a first response, 
and persists for several weeks before IgG is released. The fetus elaborates IgM in response to 
antigen exposure in utero, and it is the detection of the specific antibody in the IgM fraction 
of cord blood that is used for detection of congenital infections. The poor response of 
newborns to certain infections are not clearly understood, however, there is evidence that in 
addition to physiological dysglobinemia, the cellular response to infection varies, and the 
phagocytes are less active.  

Further, there is a lack of antigen-presenting macrophages. Immunity acquired either 
passively or actively, follows the transfer of immune antibody of the IgG class from mother 
to fetus by the transplacental route, and the ingestion of IgA antibody in colostrum.  

Artificially acquired passive immunity follows injection of immune products such as 
antitoxins, antisera, or immune globulin [31]. 

 
 
Investigation of Infection in Pregnant Women 
 

Possible or Confirmed Exposure 
 
If a pregnant woman is exposed to an infection known to be transmissible to the fetus or 

infant, she should be investigated as soon as possible to determine her susceptibility. 
In susceptible women, determining the basis for diagnosis in the contact may help in 

assessing the risk of infection. Serological testing should be repeated up to three weeks after 
contact to detect seroconversion. Pregnant women at risk for contracting a sexually 
transmitted infection should be re-tested, even if routine antenatal screening has already been 
done [10]. 

 
 

Presentation with Symptoms 
 
Symptoms of infection in pregnant women should be investigated unless the cause is 

obvious. Diagnosis may be based on clinical grounds, and confirmed by laboratory tests 
(table 4). 

The best serological evidence of recent systemic infection is IgG seroconversion, or a 
significant increase in IgG level, when measured quantitatively, and serially. The first serum 
specimen should be collected as soon as possible after contact or symptom onset. A negative 
specific IgG result early in the illness does not exclude recent infection. Testing should be 
repeated up to three weeks after contact. Specific IgM (or sometimes IgA) may be present 
without IgG early in the infection. If IgG seroconversion does not occur, the IgM result is 
likely to be a false positive. If both IgG and IgM are present, and their levels remain 
unchanged in sequential specimens, IgM testing should be repeated using a different method. 
In general, IgM tests should not be performed in the absence of a suggestive clinical illness or 
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contact, as the positive predictive value can be relatively low. It is important to note that 
infection should not be diagnosed on the basis of a single positive IgM result [10]. 

 
Table 4. Investigation of symptomatic infective illness during pregnancy 

 
Diagnosis Diagnostic tests 
Primary CMV infection, primary toxoplasmosis 
 
Listeriosis 
 
Other viral infections 
 
Rubella, Parvovirus infection 
 
Enterovirus infection 
 
Varicella 
 
Urinary tract infection (cystitis, pyelonephritis) 
 
Genital herpes 
 
 
Chlamydia, gonorrhoea 
 
 
Chorioamnionitis 
 
 
 
Pneumonia 
 
Malaria 
 
 
 
Typhoid 
 
Hepatitis 

IgG and IgM (paired sera) 
 
Culture of faeces, blood and/or urine 
 
Culture, serology 
 
IgG and IgM (paired sera) 
 
Throat swab or faecal culture 
 
Lesion swab and serology 
 
Urine microscopy and culture 
 
First episode: lesion swab, HSV1 and HSV2 IgG and 
IgM (paired with stored serum if available) 
 
Cervical swab, Gram stain and culture; urine PCR (if 
positive, check syphilis, HBVand HIV serology) 
 
Vaginal Gram stain and culture (for group B 
streptococci or abnormal vaginal flora associated 
with bacterial vaginosis) 
 
Chest x-ray, sputum for stain and culture 
 
Peripheral blood smear, antigen detection techniques 
(PfHPR-2), fluorescent staining, PCR based assay, 
antibody test 
 
Antigen detection 
 
HBsAg, HBeAg, Hepatitis C-RNA (PCR) 

 
If a vertically transmissible infection is confirmed, or cannot be excluded in a pregnant 

woman, the risk to the fetus depends on the stage of pregnancy and the type of infection. For 
some infections, it may be appropriate to determine whether the fetus has been infected (eg, 
CMV infection, toxoplasmosis and, in some circumstances, varicella), as the diagnosis has 
important implications for the pregnancy. These infections require specialised tests, such as 
culture or nucleic acid testing of amniotic fluid obtained at amniocentesis [10]. 
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Sexually Transmitted Infections 
 
Sexually transmitted infections (STI) have been associated with a number of adverse 

pregnancy outcomes including spontaneous abortion, stillbirth, prematurity, low birth weight 
(LBW), postpartum endometritis, and various sequelae in surviving neonates [32]. 

Though sexually transmitted infections (STI’s) often do not cause fevers in pregnancy, 
they may predispose to co-infections, and have implications for the fetus and neonate. When 
infection is detected, the physician must inform the woman, ensure adequate and safe 
treatment, and advise partner notification and treatment. The principles of management of all 
STI’s are: 

 
• Treat the patient 
• Treat the partner 
• Contact tracing and treatment 
• Investigate for other STI’s 
• Evaluate response to treatment 
• Patient education 
 
A summary of treatment of STI’s in pregnancy is shown in table 5 [13]. 
 

Table 5. Treatment of STI’s in Pregnancy [13] 
 

Infection Treatment options 
Chlamydia Azithromycin 1 g orally in a single dose 

Amoxicillin 500 mg orally three times per day for seven day 
Gonorrhea Ceftriaxone 125 mg intramuscularly in a single dose 

Cefixime 400 mg orally in a single dose 
HSV 
First episode 
 
 
 
 
Recurrent 
 
 
Suppressive therapy 

 
Acyclovir 400 mg orally three times per day or 200 mg orally five 
times per day for seven to 10 days 
Valacyclovir 1 g orally two times per day for seven to 10 days 
Acyclovir 400 mg orally three times per day for five days 
Valacyclovir 1 g orally once per day for five days 
Acyclovir 400 mg orally two times per day 
Valacyclovir 500 mg orally once per day 

HIV Highly active antiretroviral therapy 
Syphilis Benzathine penicillin G 2.4 million units intramuscularly 

Primary: single dose 
Positive serology, no symptoms: three doses one week apart 
Desensitization recommended in patients who are allergic to 
penicillin 

Trichomoniasis Metronidazole 2 g orally in a single dose 
Bacterial vaginosis* Metronidazole 500 mg orally two times per day for seven days 

STI = sexually transmitted infection; HIV = human immunodeficiency virus; HSV = herpes simplex 
virus. 

*Bacterial vaginosis is not an STI, but it is more common in sexually active women. 
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Chlamydia 
 
Chlamydia trachomatis infection in pregnancy leads to cervicitis and cervical discharge 

but a high proportion of women are asymptomatic. Chlamydia trachomatis is the most 
common sexually transmitted bacterial pathogen in the United States, and as many as 5% to 
15% of pregnant women are infected [33]. The infection has been associated with stillbirth, 
premature delivery, premature rupture of the membranes, and LBW [32]. Mother-to-child 
transmission of C. trachomatis can occur at the time of birth and may result in ophthalmia 
neonatorum or pneumonitis in the newborn, or postpartum endometritis in the mother. The 
nucleic acid amplification test (NAAT) is the preferred test for chlamydia because of its high 
sensitivity and specificity and its use on specimens obtained noninvasively [34]. It can be 
performed using cervical or urine specimens. Nonamplified nonculture tests, such as the 
DNA probe test, remain an option when the NAAT is not available or is too expensive. 
Repeat testing three weeks after completion of therapy is recommended for pregnant women 
[13]. Tetracyclines are contraindicated in pregnancy because of the risk of bone and tooth 
abnormalities; azithromycin (Zithromax) in a single 1-g dose azithromycin is U.S. Food and 
Drug Administration pregnancy category B drug, and is recommended as first-line treatment 
for chlamydia in pregnancy [13]. 

 
 

Gonorrhea 
 
Gonococcal infection is associated with spontaneous abortion, premature labor, preterm 

premature rupture of membranes, and increased neonatal morbidity and mortality [35]. 
Further, gonococcal ophthalmia neonatorum occurs in 30–50% of infants born to infected 
mothers, and if untreated, may lead to corneal ulceration or perforation, and blindness [32]. 
The clinical pattern of gonorrhoea in pregnant women is similar to non-pregnant women, 
with up to 45% of cases being asymptomatic [36]. Neisseria gonorrhea can be transmitted to 
the newborn from the mother's genital tract at the time of birth and can cause ophthalmia 
neonatorum, systemic neonatal infection, maternal endometritis, or pelvic infection [37]. The 
risk of vertical transmission is between 30% and 47% [38]. 

Screening can be performed using a culture on Thayer-Martin media; nucleic acid 
hybridization tests of cervical specimens and NAAT’s of cervical specimens or urine, with 
NAAT’s being the most sensitive and specific [34, 39]. A repeat test is recommended in the 
third trimester for those at continued risk [13]. A Cochrane review of treatment for gonorrhea 
in pregnancy concluded that ceftriaxone 125 mg intramuscularly and spectinomycin 2 g 
intramuscularly have similar cure rates to oral amoxycillin plus probenecid [38]. One 
randomized trial found cefixime (Suprax) 400 mg orally to be as effective as ceftriaxone 125 
mg intramuscularly for the treatment of gonorrhea in pregnancy [40]. The CDC recommends 
either of these as the treatment of choice for gonorrhea [13]. 
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Hepatitis 
 

Hepatitis A 
 
Hepatitis A (HAV) is caused by a picorna (RNA) virus. It is particularly common in 

areas of the world where sanitation is poor, and causes disease in all age groups. In the 
developed world it is less common. Hepatitis A is mostly transmitted by the oral-fecal route, 
linked to oro-anal or digital-rectal contact. Outbreaks have also been reported amongst 
intravenous drug users, and following the use of contaminated blood products [41]. Patients 
are infectious for approximately two weeks before, and one week after the onset of jaundice. 
Incubation period ranges from 15 to 45 days. Up to half of adults are asymptomatic or have 
mild non-specific symptoms with little or no jaundice. In the more ‘typical’ case there are 
two phases of symptoms 

 
• The prodromal illness: flu-like symptoms (malaise, myalgia, fatigue), often with 

right upper abdominal pain, lasting for 3-10 days. This is followed by -  
• The icteric illness: jaundice (mixed hepatic and cholestatic) associated with 

anorexia, nausea and fatigue which usually lasts for 1-3 weeks. It can persist for 12 
or more weeks in a minority of patients who have cholestatic symptoms (pruritis and 
deep jaundice). Fever is not found in this phase.  

 
Signs are non-specific in the prodromal phase, however, in the icteric phase there is 

jaundice with pale stools and dark urine. Hepatomegaly with tenderness, and signs of 
dehydration are also common. Complications of HAV are fulminant hepatitis, with an overall 
case–fatality ratio among reported cases of less than 1% [42]. If a pregnant woman becomes 
infected with HAV, generally her baby is not affected. Intra-uterine transmission of hepatitis 
A virus is rare, but perinatal transmission could occur [43, 44]. HAV infection during 
pregnancy has been associated with preterm labor, and though rare, has been implicated in 
congenital infections [45, 46]. 

The diagnosis of hepatitis A cannot be made on clinical grounds alone and requires 
serologic testing. The presence of IgM antibody to HAV is diagnostic of acute HAV 
infection. A positive test for total anti-HAV indicates immunity to HAV infection but does 
not differentiate current from previous HAV infection. Although usually not sensitive enough 
to detect the low level of protective antibody after vaccination, anti-HAV tests might be 
positive after hepatitis A vaccination. 

Other tests that aid in the diagnosis include: 
 
• Serum/plasma amino-transferases (AST/ALT) 500-10,000iu/l.  
• Bilirubin up to 500μmoles/l.  
• Alkaline phosphatase levels < 2x the upper limit of normal, but higher if there is 

cholestasis.  
• Prothrombin time (PT) prolongation by more than 5 seconds suggests developing 

hepatic decompensation.  
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Patients with acute hepatitis should be hospitalized if they have encephalopathy, 
coagulopathy, or severe debilitation. Nutritional needs should be addressed, as should fluid 
and electrolyte abnormalities. If a coagulopathy is present, administration of erythrocytes, 
platelets, and clotting factors such as fresh frozen plasma or cryoprecipitate may be 
necessary. Activity should be limited, and the patient should be protected from upper 
abdominal trauma [13]. According to the American Academy of Pediatrics Work Group on 
Breastfeeding, hepatitis A infection, even during the acute infectious period, is not a 
contraindication to breastfeeding [47]. 

 
 

Hepatitis B 
 
Hepatitis B (HBV) is a partially double-stranded deoxyribonucleic acid (DNA) virus. 

Viral particles appear in large quantities in the serum in two forms: the complete virion, and 
the empty viral envelope, which contains only the hepatitis B surface antigen (HBsAg). The 
hepatitis 'e' antigen (HBeAg) is a peptide and normally detectable in the bloodstream when 
the hepatitis B virus is actively reproducing, and is a serum marker that is used to identify 
highly infectious mothers. HBV infection may run an acute course with complete recovery, or 
a fulminant course due to hepatic failure with a high mortality rate. Alternatively it may last 
for more than 6 months and become a chronic infection. HBV infection may lead to acute, 
fulminant or chronic hepatitis, liver cirrhosis and liver carcinoma [48]. In Asia, Africa, 
Southern Europe and Latin America the prevalence of HBsAg carriers in the general 
population ranges from 2–20%; whereas in North America, Northern Europe and the Oceanic 
areas the prevalence rate is around 0.1% in the general population [49].  

HBV can be transmitted either perinatally or horizontally to the child. Acute hepatitis B 
or exacerbation of chronic HBV disease may occur during pregnancy. The frequency of 
vertical transmission also depends on the time during gestation that maternal infection occurs. 
When it occurs in the first trimester, up to 10% of neonates will be seropositive for HBsAg. 
In women acutely infected in the third trimester, 80–90% of offspring will be infected [50]. 
Pregnancy does not increase maternal mortality or morbidity from HBV. However, pre-term 
labor has been reported to be increased in mothers with acute hepatitis B during pregnancy. 
Although infection is rarely symptomatic, 70–90% of infected babies will remain chronically 
infected into adult life if immunoprophylaxis is not given [49]. Transplacental leakage of 
HBeAg-positive maternal blood, which is induced by uterine contractions during pregnancy 
and the disruption of placental barriers, is the most likely route for intrauterine tramsmission. 
The age at which HBV infection occurs is an important factor affecting the outcome; the 
earlier the infection occurs, the higher is the risk for chronicity [51]. The CDC recommends 
routine screening of all pregnant women for HBsAg to detect maternal disease and avoid 
perinatal transmission. 

The presence of immunoglobulin M antibody to hepatitis B core antigen is diagnostic of 
acute or recently acquired infection. HBsAg is the first detectable virologic marker for HBV 
infection. Pregnant women seeking STI treatment who have not previously been vaccinated 
should be vaccinated against hepatitis B. Infants of HBsAg-positive mothers should receive 
hepatitis B immune globulin as well as hepatitis B vaccine at birth. 
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In addition to active immunisation with HBV vaccines, passive immunisation with 
hepatitis B immunoglobulin (HBIG) can neutralise HBV transmitted from the mother during 
perinatal period. Prophylaxis must be given within 24 h of birth.  

In the USA, pregnant women are screened for HBsAg but not HBeAg. Every infant is 
recommended to receive 3 doses of HBV vaccines. In addition, all infants of HBsAg positive 
mothers, regardless of their HBeAg status, should receive HBIG within 24 h of birth [52]. 

 
 

Hepatitis C 
 
Studies show that 90% of all adult patients with chronic non-A, non-B hepatitis are 

Hepatitis C (HCV) infected [53]. The risk of developing chronic HCV infection once the 
patient is infected is 60–80% [53]. The long-term risks are development of liver damage, 
cirrhosis and hepatocellular carcinoma. The detection of HCV-RNA, i.e. the viral genome, by 
polymerase chain reaction (PCR) in the serum, indicates an ongoing infection. The 
prevalence of chronic HCV infection in the adult general population varies from 0.5–2% in 
Western Europe, North America and Asia, to 5–15% in certain areas of Africa [54, 55]. The 
prevalence among pregnant women does not seem to differ from that of the general adult 
population [56]. Chronic HCV infection also has been associated with an increased risk of 
developing both B-cell lymphomas and cryoglobulinemia. Although at least 20% of chronic 
HCV infections lead to chronic active hepatitis or cirrhosis, whether a link to hepatocellular 
carcinoma exists is controversial and may vary by geographic region [57]. Hepatitis C and 
HIV share common transmission routes, and concomitant infection is reported to accelerate 
the progression and severity of hepatic injury [58]. 

Data indicates that approximately 5% of all infants born to HCV infected mothers 
become infected [59, 60]. In most studies, the HCV infection in infants born to infected 
mothers is defined by the detection of HCV-RNA by PCR in serum in at least two samples 
and/or the detection of anti-HCV in serum when the infant is at least 15 months old. Maternal 
antibodies are passively transferred to the fetus during pregnancy. The exact mechanism(s) 
for mother-to-child transmission (MTCT) of HCV is unknown and there are currently no 
relevant animal models available to establish this [61]. 

Routine screening for HCV in pregnancy is not recommended [13]. Women with known 
risk factors (e.g., history of injection drug use, blood transfusion or organ transplant before 
1992) should be offered counseling and testing for hepatitis C antibodies. Approximately 5 % 
of infants whose mothers are infected with HCV become infected [13]. As in adults, pediatric 
HCV infection becomes chronic in a majority of cases. Chronic HCV infection, including 
infection very early in life, is most often asymptomatic in children [61]. The data concerning 
viral content in breast milk are contradictory [13, 61]. There is currently no vaccine or 
protective immunoglobulin available against hepatitis C.  
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Herpes Simplex Virus 
 
Herpes simplex virus (HSV) infection, a sexually transmissible disease, is prevalent 

worldwide, particularly among women of childbearing age. In the United States, more than 
600,000 new cases of herpes occur every year [62]. HSV is a double-stranded DNA 
enveloped virus, which is a member of the Herpesviridae family. HSV-1 and HSV-2 belong 
to the Alphaherpesvirinae subfamily and the genus Simplexvirus. Primary HSV-1 is largely a 
childhood disease affecting the mucosal surfaces of the mouth, pharynx, lips, and eyes. HSV-
2 is primarily responsible for genital tract disease spread through sexual contact. 
Seroepidemiology studies suggest that a large number of individuals infected with HSV-2 
also have HSV-1 [63]. Herpes simplex virus is an extremely common STI that has potentially 
devastating effects on perinatally infected neonates. The risk of transmission is 30% to 50% 
higher among women who acquire genital HSV near the time of delivery [64].  

The primary-episode of genital HSV manifests as multiple painful vesicles in clusters on 
an inflamed surface. These vesicles rapidly become painful ulcers. They may be associated 
with pruritus, dysuria, vaginal discharge, and tender regional lymphadenopathy. Many 
women experience fever, malaise, and myalgia 1 to 2 days before the appearance of lesions. 
The lesions may last 4 to 5 days before crusting, but the skin may not re-epithelialize for 
almost 10 days. Viral shedding begins approximately 2 days after the onset of the lesions and 
ceases when re-epithelialization occurs. Symptomatic recurrent HSV episodes are 
characterized by a prodrome (eg, local pain or paresthesia) followed by vesicular lesions. 
They are generally fewer in number, may be painful, and often unilateral. 

The presentation of primary HSV in pregnancy is similar to that in the nonpregnant state. 
As in the nonpregnant state, 92% of lesions in patients with recurrent disease in pregnancy 
are caused by HSV-2, which has potential neonatal implications [65]. There are several 
important features of maternal- fetal transmission of HSV. The most common mode of 
transmission is direct contact of the fetus with infected vaginal secretions during delivery. 
Studies have shown that the rate of maternal- fetal transmission is 10 times higher among 
infants of women with recently acquired first-episode infection than those with recurrent 
disease [66, 67]. First-episode HSV in early gestation may be associated with spontaneous 
abortion [68]. Several studies have found an increased risk of preterm birth and low 
birthweight in pregnancies complicated by HSV infection, particularly late acquisition of the 
disease [69, 70]. However, recurrent HSV has not been associated with spontaneous abortion 
or embryopathy [71]. HSV neonatal infection may be acquired through the birth canal during 
the intrapartum period and accounts for 90% of cases. Only 5% of neonatal cases are 
acquired through close contact during the postpartum period. Congenital or intrauterine HSV 
infection acquired transplacentally accounts for approximately 5% of cases of neonatal HSV 
disease. Congenital HSV is defined as the presence of skin vesicles or scarring, 
chorioretinitis, hydranencephaly, microphthalmia, microcephaly, or an abnormal computed 
tomography (CT) scan of the brain within the first week of life [72]. Many of these children 
will have symptoms within the first 24 to 48 hours of life. Most babies who become infected 
acquire the disease from mothers who are asymptomatic. Of infected neonates, as many as 
60% to 70% are caused by HSV-2. The outcome of neonatal HSV is highly variable, and 
includes prematurity, pneumonitis, disseminated intravascular coagulation, and coma. 
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Morbidity in survivors was highest among those with encephalitis. Likewise, seizures, and 
disseminated disease leads to significant long-term morbidity such as psychomotor 
retardation, spasticity, blindness, and learning disabilities [65]. 

The gold standard for diagnosis of acute HSV is viral culture, which may become 
positive within 2 to 3 days after inoculation. This process may be shortened to 18 to 24 hours 
when viral culture and antigen detection methods are combined [73]. Screening is performed 
clinically by visualization of lesions or by patient history. Diagnosis is by culture or 
polymerase chain reaction assay of an active lesion. Although the highest yield is from 
vesicular fluid of skin lesions, cultures may be obtained from the eyes, mouth, cerebrospinal 
fluid (CSF), rectum, urine, and blood. Routine serologic testing is not recommended [13]. 
Administration of acyclovir, vidarabine or valacyclovir in addition to supportive care starting 
at 36 weeks of gestation has been shown to significantly reduce the recurrence of herpes 
simplex lesions and viral shedding at the time of delivery in patients at risk of active lesions, 
and to reduce the number of cesarean deliveries performed because of genital herpes [74, 75, 
76]. Acyclovir therapy is the CDC's recommended treatment for active HSV infection during 
pregnancy, as well as in pregnant women who have recurrent genital herpes near term [13]. 
Cesarean delivery should be offered to women who have active lesions at the time of labor 
[77, 78]. Prophylactic cesarean delivery is not recommended for women with a history of 
recurrent HSV but no evidence of active lesions at the time of labor [79]. If cultures 
performed at birth in the neonate become positive following discharge, or there are abnormal 
CSF findings, intravenous acyclovir therapy should be instituted [65]. 

 
 

Human Immunodeficiency Virus 
 
The global impact of the human immuno-deficiency virus (HIV) on children has been 

enormous, with an estimated 1800 children becoming infected with HIV every day, mostly 
acquiring infection vertically from their mothers [80]. Mother-to-child transmission is almost 
entirely preventable with a combination of prophylactic interventions. In resource-rich 
settings the number of new pediatric infections has reached an all-time low due to broad 
application of these interventions [80]. Mother-to-child transmission can take place in utero, 
during labour, at delivery, and postnatally through breastfeeding. Before the widespread use 
of prophylactic MTCT (PMTCT) interventions, transmission rates ranged from 15–20% in 
Europe to 16–30% in the USA, 25–40% in Africa and 13–48% in South and South East Asia 
[81]. 

In utero acquisition of infection may occur through HIV infection in the placenta or fetal 
exposure to cell-free and/or cell-associated HIV in amniotic fluid. Intrapartum transmission is 
understood to occur as a result of micro-transfusions between the maternal and fetal blood 
circulation during uterine contractions, or ascending HIV infection from the genital tract to 
the amniotic fluid and the fetus after rupture of membranes. In non-breastfeeding populations, 
in the absence of other interventions, most transmissions take place in late pregnancy or 
around the time of delivery. Prolonged breastfeeding (beyond 12 months of age) is associated 
with an approximate doubling of overall MTCT risk, with the risk remaining for as long as 
breastfeeding continues [82]. Maternal plasma HIV RNA level is the best individual predictor 
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of MTCT risk; other risk factors reported include mode of delivery, duration of rupture of 
membranes, prematurity, cervico-vaginal viral load, low CD4 cell count, maternal 
symptomatic HIV disease/AIDS, viral sub-type and host genetic factors [81]. 

Antiretroviral drugs are prescribed to HIV-infected women in pregnancy for PMTCT 
and, in those requiring treatment for their own health to delay HIV disease progression. 
Antiretroviral prophylaxis reduces MTCT risk by reducing maternal viral load, and for drugs 
that cross the placenta (including zidovudine (ZDV), nevirapine (NVP) and lamivudine 
(3TC)) through per- and post-exposure prophylaxis of the neonate [81]. The ACTG 076 trial 
was the first clinical trial to investigate the efficacy of an antiretroviral (ZDV) in PMTCT 
[83]; the three component regimen was associated with a two-thirds reduction in MTCT risk 
and there was a subsequent rapid uptake in the developed world. 

The U.S. Public Health Service and the U.S. Preventive Services Task Force recommend 
that all pregnant women in the United States be tested for HIV infection, ideally at the first 
prenatal visit [84, 85]. Women who are at high risk should be retested in the third trimester. 
Testing is done with an enzyme immunoassay for antibodies against HIV. Positive test results 
are confirmed with a Western blot or an immunofluorescence assay. Goals of therapy are to 
control maternal infection and reduce transmission to the fetus. Highly active antiretroviral 
therapy (HAART) is used during pregnancy to suppress viral load [84, 85, 86]. Elective 
cesarean delivery at 38 weeks reduces the risk of transmission in women not taking 
antiretrovirals or taking only zidovudine [87]. Further, studies reported that elective 
caesarean section (CS) before labor and before rupture of membranes appeared to be 
protective against MTCT and that long durations of ruptured membranes were associated 
with increased transmission risk in other deliveries [88, 89, 90]. Elective CS is associated 
with a higher rate of post-partum complications among HIV-infected women than is vaginal 
delivery [91]. However, infected women are generally at increased risk of post-partum 
complications compared to uninfected women, regardless of mode of delivery [92]. 

Around a fifth of vertically-infected children develop serious HIV disease or die in the 
first year of life, with the remaining children having a much slower disease progression [80]. 
Although the vast majority of infants born to HIV-infected mothers in developed country 
settings are now protected from vertical transmission, they are exposed to antiretroviral drugs 
for which there is only limited information on toxicity, particularly in the medium- to long-
term. 

 
 

Human Papillomavirus 
 

Genital Warts 
 
Human papillomavirus (HPV) is one of the most common causes of sexually transmitted 

infection (STI) in the world. Health experts estimate there are more cases of genital HPV 
infection than any other STI in the United States. According to the Centers for Disease 
Control and Prevention (CDC), approximately 6.2 million new cases of sexually transmitted 
HPV infections are reported every year, with about 20 million people in the USA already 
infected [13]. Genital warts (condylomata acuminata or venereal warts) are the most easily 
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recognized sign of genital HPV infection. Many people, however, have a genital HPV 
infection without genital warts. HPV is spread by direct skin to skin contact during sexual 
activity with a person who has the virus. HPV types 6 and 11, causes around 90% of genital 
warts. Genital warts are soft, moist, or flesh-colored and appear in the genital area within 
weeks or months after infection. They sometimes appear in clusters that resemble 
cauliflower-like bumps, and are either raised or flat, small or large. Genital warts can show 
up in women on the vulva and cervix, and inside and surrounding the vagina and anus. 

Diagnosis of genital warts is made by visual inspection. Biopsy may be needed if the 
diagnosis is uncertain, if the warts do not respond to standard treatment, or if there is 
suspicion of malignancy. Because genital warts can proliferate and become friable during 
pregnancy, it is recommended that they be removed [13]. Podofilox, imiquimod, and 
podophyllin are not recommended during pregnancy. Trichloroacetic acid 80-90% applied by 
a health care professional weekly has been used safely in pregnancy [64], as has cryotherapy 
and electrofulguration. 

 
 

Syphilis 
 
Syphilis is a sexually transmitted disease caused by a gram-negative spirochaete 

bacterium called Treponema pallidum. This motile spirochaete is generally acquired by close 
sexual contact, entering the host via breaches in squamous or columnar epithelium. The 
organism can also be transmitted to a fetus transplacentally during the later stages of 
pregnancy, giving rise to congenital syphilis. It has often been called “the great imitator” 
because many of the signs and symptoms are indistinguishable from those of other diseases. 
Treponema pallidum is highly infectious, even in the absence of any specific symptoms or 
clinical findings [93]. The World Health Organisation (WHO) estimates that 12 million 
people are infected with syphilis each year and more than 90% of infections occur in 
developing countries [94]. In high-income countries, until recently, very few babies were 
born with congenital syphilis but there has been resurgence over the past decade [95, 96]. 

Centers for Disease Control guidelines recommend that all women be screened 
serologically for syphilis during early pregnancy, and for populations where syphilis 
prevalence is high or patients are high risk, serological testing should also be performed twice 
during the third trimester, at 28–32 weeks’ gestation, and at delivery [97]. All women 
delivering a stillborn after 20 weeks’ gestation should be tested for syphilis [98]. About a 
million pregnancies globally are annually adversely affected by syphilis (about 270,000 
babies are born with congenital syphilis, 460,000 pregnancies end in abortion or perinatal 
death and 270,000 babies are born prematurely or with low birthweight [99, 100] 

The painless genital chancres of primary syphilis often go unnoticed. This is followed 
several weeks or months later by widespread cutaneous, mucosal and sometimes systemic 
manifestations of disseminated secondary syphilis. This contagious stage of syphilis can last 
for up to a year. Even without treatment both primary and secondary lesions resolve and the 
infection enters a ‘latent’ stage. During this latent phase there are no clinical manifestations 
but, as during the primary and secondary stages, the infection can still be passed to babies 
born to infected mothers. Left untreated, syphilis has a dramatic impact on pregnancy 
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outcome. Spirochetes can cross the placenta and infect the fetus from about 14 weeks’ 
gestation, with the risk of fetal infection increasing with gestational age [101]. The most 
common cause of fetal death is placental infection and vasculitis associated with decreasing 
blood flow to the fetus, although direct fetal infection also plays a role [102, 103]. Congenital 
syphilis is a multiorgan infection that may cause neurological or skeletal disabilities or death 
in the fetus or newborn. Historically, one third of pregnancies are believed to result in second 
trimester spontaneous abortion or perinatal death, one third in a congenitally infected infant, 
and one third in an uninfected infant [104]. Maternal syphilis has been associated with 
complications such as low birth weight, hydramnios, spontaneous abortion, and preterm 
delivery. Fetal complications such as infection in utero, hydrops, prematurity, fetal distress, 
and stillbirth also occur. Neonatal complications can include congenital syphilis, neonatal 
death, and late sequelae [105, 32]. 

The earliest sign that a baby is infected with syphilis is often a nasal discharge (snuffles) 
that occurs 1–2 weeks before the onset of a maculopapular rash. Other early stigmata include 
hepatosplenomegaly and jaundice. Screening is performed with a non-specific blood test - the 
rapid plasma reagin (RPR) or Venereal Disease Research Laboratories (VDRL) test and 
confirmed with specific tests such as the fluorescent treponemal antibody (FTA) serology and 
T. pallidum particle agglutination test (TPHA). A single serologic test is insufficient because 
false-positives may occur with other illnesses [64]. 

If syphilis is diagnosed after 20 weeks of gestation, ultrasonography should be performed 
to evaluate for evidence of fetal syphilis. Although fetal infection can be cured by treating the 
mother, treatment failure is much higher in the presence of fetal hepatomegaly, ascites, 
hydrops, polyhydramnios, and placental thickening, which are signs of fetal syphilis detected 
on ultrasonography [64]. The CDC recommends benzathine penicillin G, 2.4 million units 
intramuscularly, with desensitization in patients who are allergic to penicillin [13]. WHO, 
CDC and the UK recommend that infants with confirmed or highly probable congenital 
syphilis be treated with systemic benzylpenicillin 100,000 to 150,000 IU/kg/day for 10 days. 
WHO and CDC recommend asymptomatic babies born to seropositive mothers be treated 
with a single dose of benzathine benzylpenicillin 50,000 IU/kg [97, 106].  

 
 

Vaginal Infections 
 
Trichomonas vaginalis, an anaerobic, parasitic flagellated protozoan, is the causative 

agent of trichomoniasis. This sexually transmitted infection can occur in females if the 
normal acidity of the vagina shifts from a semi-acidic pH (3.8 - 4.2) to a more basic one (pH 
5 - 6) that is conducive to its growth. It has been associated with preterm delivery and low 
birth weight [107]. Trichomonas infection may present with symptoms such as vaginal 
irritation, itching, copious discharge, and malodor. It also causes a chronic inflammation and 
may facilitate HIV transmission [108]. Women with symptoms of trichomoniasis should be 
evaluated with a saline wet mount or culture for the presence of trichomonads. Screening for 
Trichomonas in asymptomatic women is not recommended [13]. Metronidazole 2 g orally in 
a single dose or 500 mg twice per day for seven days is the treatment of choice in pregnancy, 



Dushyant Maharaj 22 

although many physicians wait until after the first trimester to initiate it [13]. Treatment of 
trichomoniasis has not been shown to reduce the incidence of preterm birth [107]. 

Bacterial vaginosis is sometimes called nonspecific vaginosis or Gardnerella vaginitis. It 
is caused by an imbalance of the normal vaginal flora, with an overgrowth of anaerobic 
bacteria and a lack of the normal lactobacillary flora. Though not an STI, it is prevalent in 
sexually active women. Bacterial vaginosis during pregnancy has been associated with poor 
perinatal outcome and, in particular, preterm birth. Other studies have shown an association 
between bacterial vaginosis and premature rupture of membranes, low birth weight early or 
late miscarriage, preterm pre-labour rupture of membranes, amniotic fluid colonization, 
chorioamnionitis, postpartum endometritis, increased efficiency of HIV seroconversion, and 
cerebral palsy [109, 110, 111, 112, 113, 114, 115, 116, 117, 118].  

The precise pathophysiological mechanisms involved have yet to be fully elucidated. 
One hypothesis is that of the potential effect of bacterial vaginosis colonization results in 
endometrial inflammation. Such endometrial inflammation may disturb the immuno-
endocrinological milieu during implantation and early embryological development, which 
may lead to miscarriage or preterm birth. Alternatively, lower genital tract organisms may 
ascend into the uterine cavity and reach the decidua causing endometrial inflammation. This 
event is associated with the activation of the cellular and molecular events involved in the 
pathway of preterm labor, including leukocyte recruitment, cytokine production, 
prostaglandin synthesis in the amnion, chorion and myometrium; this results in uterine 
contractions, cervical dilatation, membrane exposure, and further entry of microbes into the 
uterine cavity [119]. Bacteria may elaborate lytic enzymes such as sialidases and mucinases, 
which may weaken the protective cervical mucous and promote bacterial invasion of the 
upper genital tract [113]. Cytokines also stimulate chorionic and amnionic production of 
matrix metalloproteinases (MMP’s) implicated in membrane degradation and cervical 
ripening. However, it is not known whether the bacterial overgrowth causes these 
complications, or if it is a marker for intrauterine colonization. Screening for and treating 
bacterial vaginosis in asymptomatic pregnant women does not appear to reduce the risk of 
pregnancy complications [64]. The majority of pregnant women with abnormal vaginal flora 
have a good pregnancy outcome, and in some populations the presence of bacterial vaginosis 
is not even associated with adverse outcome [120]. 

In a review to determine whether antibiotic treatment for bacterial vaginosis or T. 
vaginalis during pregnancy decreases the risk of preterm birth and associated adverse 
outcomes, the authors found no evidence to support the use of antibiotic treatment for 
bacterial vaginosis or T. vaginalis in pregnancy to reduce the risk of preterm birth or its 
associated morbidities in low- or high-risk women [121]. At present there is no consensus on 
the antibiotic of choice for the treatment of abnormal vaginal flora in pregnancy, or for its 
best route of administration, the optimal time for initiating therapy, or whether further 
treatment of persistent or recurrent cases improves outcome. Clindamycin exhibits a broad 
range of antimicrobial activity that makes it an attractive option for the treatment of abnormal 
vaginal flora in pregnancy. Oral or topical metronidazole is also effective in the treatment of 
bacterial vaginosis. Erythromycin and ampicillin are ineffective against anaerobes and are not 
recommended for bacterial vaginosis, in contrast to clindamycin and metronidazole [120]. 
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Perinatal Viral and Parasitic Infections 
 

Cytomegalovirus 
 
Cytomegalovirus (CMV) belongs to the Betaherpesvirinae subfamily of Herpesviridae, a 

double-stranded DNA virus that is transmitted by sexual contact or by contact with infected 
blood, saliva, or urine. The incubation period of CMV is 28-60 days, with a mean of 40 days. 
Infection induces an immunoglobulin M (IgM) antibody response that disappears within 30-
60 days. Viremia can be detected 2-3 weeks following primary infection. Primary CMV 
infection in adults generally is asymptomatic. Almost all CMV infections acquired in 
individuals with a normal immune response are clinically silent. Only 5% may experience a 
mononucleosis-like syndrome, and the pregnant woman is generally unaware of being 
infected with CMV [122].Occasionally, patients may be found to have a leukocytosis, 
lymphocytosis, abnormal liver function tests, fever, malaise, myalgia, and chills [123]. After 
the initial infection, CMV remains latent in host cells; recurrent infection can occur following 
reactivation of latent virus. In rare cases, recurrent CMV infection can occur by infection 
with a new strain of virus.  

Prevalence of both primary and recurrent infection in pregnant women varies from 0.7% 
to 4% for primary infection and up to 13.5% for recurrent infection [124]. Vertical 
transmission of CMV may occur as a result of transplacental infection after primary or 
recurrent CMV infection, exposure to contaminated genital tract secretions at parturition, or 
from breastfeeding. During early pregnancy, CMV has a teratogenic potential in the fetus, as 
CMV infections may result in migrational disturbances in the brain. Later in pregnancy, when 
the gross morphology of the brain is completed and myelination is occurring, white matter 
lesions without cerebral cortical malformations can be seen. Visual impairment and 
strabismus are common in children with clinically apparent CMV infection and can be caused 
by chorioretinitis, pigmentary retinitis, macular scarring, optic atrophy and central cortical 
defects. Congenital CMV infection in a child may cause other disabilities, alone or in 
combination, such as mental retardation, autism, learning disabilities, cerebral palsy, and 
epilepsy [125]. About 10–15% of neonates with congenital CMV present symptoms 
recognisable as an infection. The classic clinical picture of cytomegalic inclusion disease 
(CID) is characterised by involvement of multiple organs, in particular the reticuloendothelial 
and central nervous system, with or without ocular and auditory damage. Other signs of CID 
could be jaundice, hepatosplenomegaly and petechiae in a growth impaired, often 
prematurely born baby [125]. The neurological involvement includes microcephaly, seizures, 
hypotonia and lethargy. The most severely affected infants have a mortality rate of about 
30%. Death is usually due to hepatic dysfunction, bleeding, disseminated intravascular 
coagulation or secondary bacterial infections [126, 127]. Cytomegalovirus is the most 
common congenital infection, occurring in 0.2-2.2% of all neonates [128], and is the leading 
cause of congenital hearing loss. With primary maternal CMV infection, the risk of 
transmission to the fetus is 30-40% [129]. Of those infected in utero following a primary 
infection, 10% will have signs and symptoms of CMV infection at birth and develop sequelae 
[130]. Approximately 30% of severely infected infants die, and 80% of survivors have severe 
neurologic morbidity [131]. 
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The incidence of severe fetal infection is much lower after recurrent maternal infection 
than after primary infection. Vertical transmission after a recurrent infection is 0.15-2% 
[132]. Infants infected after maternal CMV reactivation generally are asymptomatic at birth. 
Congenital hearing loss is typically the most severe sequela of secondary infection, and 
congenital infection following recurrent infection is unlikely to produce multiple sequelae 
[132]. Cytomegalovirus infection acquired as a result of exposure to infected cervical 
secretions or breast milk is typically asymptomatic and is not associated with severe neonatal 
effects. A vaccine is not available and therefore it is desirable to reduce the risk for CMV 
exposure in pregnant women. Prophylactic hygienic measures such as hand washing after 
contact with saliva or urine in children, are an important and simple way to diminish the risk 
for viral transmission [133, 134].  

The policy for analysis of CMV-IgG in women during pregnancy is different in different 
western countries. Currently, there is no treatment for primary CMV infection during 
pregnancy and abortion may be an alternative. Administration of intravenous human 
immunoglobulin to the pregnant mother with a primary CMV infection has been claimed to 
protect the fetus [135]. 

 
 

Parvovirus B19 
 
Parvovirus B19 infection, also known as fifth disease, is caused by a single-stranded 

DNA virus that results in childhood exanthem erythema infectiosum, described as a “slapped 
cheek” appearance. In immunocompetent adults, the most common symptoms of parvovirus 
B19 infection are a reticular rash on the trunk and peripheral arthropathy, although 
approximately 33% of infections are asymptomatic [136]. Adults may also present with an 
exanthem preceded by nonspecific symptoms to include fever, sore throat, and 
lymphadenopathy. In healthy adults and children the clinical course is self limited and 
requires no specific treatment. Although reticulocytopenia, lymphopenia, neutropenia, and 
thrombocytopenia can occur to some degree, it is usually clinically insignificant [137]. 
Another manifestation of parvovirus B19 infection is a transient aplastic crisis, which is more 
common in those with an underlying hemoglobinopathy. Most infections are mild; most 
individuals recover completely from parvovirus B19 infection and require only supportive 
care.  

Parvovirus B19 has a unique affinity for erythroid progenitor cells due to a receptor 
commonly found on erythroid cells known as the P blood group antigen. Parvovirus B19 
arrests erythropoiesis and has a cytopathic affect on erythroid precursors [138, 139]. 
Evidence suggests that the virus stimulates a cellular process initiating programmed cellular 
death (apoptosis), potentially accounting for the minimal inflammatory response noted in 
tissues infected with the virus [140]. 

Transmission of parvovirus B19 most commonly occurs through respiratory secretions 
and hand-to-mouth contact. The infected person generally is infectious 5-10 days after 
exposure prior to the onset of the rash or other symptoms and is no longer infectious with the 
onset of the rash [141]. Both IgM and IgG are produced in response to infection. The IgM 
response, which persists for 1 to several months, is indicative of a recent infection. IgG 
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antibodies persist indefinitely and, in the absence of IgM, indicate prior infection and 
immunity. Prevalence of seropositivity to parvovirus B19 increases with age and is greater 
than 60% in adolescents and adults [141]. The risk of maternal infection of parvovirus B19 
varies with level of exposure to the infected individual. Exposure to a household member 
infected with parvovirus B19 is associated with an approximate 50% risk of seroconversion 
[142, 143, 144]. As the fetus is capable of producing IgM by approximately 18 weeks 
gestation, either fetal blood or amniotic fluid can be tested for IgM. Polymerase chain 
reaction is a sensitive method for detecting small amounts of B19 DNA, so this is the 
preferred method for making the diagnosis in utero [145]. There is little data to support 
invasive testing such as amniocentesis if the mother has serologic evidence of recent 
infection [146, 147]. The risk of transmission in a child-care setting or classroom is lower, 
ranging from approximately 20% to 50% [148, 149].  

Recent maternal infection with parvovirus B19 constitutes a low risk for fetal morbidity 
[150], although some cases have been associated with adverse fetal effects. Transplacental 
transmission has been reported to be as high as 33% [151], and fetal infection with 
parvovirus B19 has been associated with spontaneous abortion, and stillbirth. Several other 
pathological conditions also have been linked to this virus, including fetal anemia and 
nonimmune hydrops fetalis [152]. The rate of fetal loss among women with serologically 
proven parvovirus B19 infection ranges from 2% to 9%  

[153, 154]. In utero, parvovirus B19 infection is responsible for up to 18% of cases of 
nonimmune hydrops fetalis in some series [155]. Hydrops fetalis results from aplastic anemia, 
myocarditis, or chronic fetal hepatitis. Severe effects are seen most frequently among fetuses 
when maternal parvovirus B19 infection occurs at less than 20 weeks of gestation. Stillbirth 
resulting from maternal infection has occurred from 1 to 11 weeks after maternal infection. 
However, hydrops is unlikely to develop if it has not occurred by 8 weeks after maternal 
infection [156]. It therefore appears that there may be an increase in fetal loss rate with 
maternal infection in the early second trimester, a time when the fetus has a rapidly 
expanding hematopoetic system and may be prone to viral-associated myocardial depression. 
When fetal death does occur after maternal infection, it usually takes place between 4 to 6 
weeks after exposure, although it has been reported up to 12 weeks following exposure [147]. 
Reports confirm the association between maternal parvovirus B19 infection and fetal 
hydrops, and several possible mechanisms responsible for parvovirus B19-associated hydrops 
have been proposed [157, 158]. Because the fetus grows at a rapid rate, and the survival time 
for fetal red blood cells is decreased, it is dependent on adequate red blood cell production to 
ensure adequate oxygen transport to fetal cells. The resulting anemia due to fetal parvovirus 
B19 infection can result in hypoxia, high cardiac output failure and hydrops. Another 
proposed mechanism for fetal hydrops may be B19 myocarditis, because there have been 
reported cases of fetuses with parvovirus B19-associated hydrops who were found not to 
have severe anemia on fetal blood sampling and subsequently recovered without fetal 
transfusion [159,157]. Thus, it is possible that some of the infected fetuses may have acquired 
hydrops, which subsequently resolved without treatment. It would therefore seem reasonable 
to use a 1% risk of fetal hydrops for counseling purposes in women with acute infection in 
the second and third trimesters [152].  
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Long-term development appears to be normal in fetuses with congenital parvovirus B19 
infection that do not succumb to the disease [160, 161]. However, there have been case 
reports of fetuses with hydrocephalus, craniofacial anomalies, encephaloclastic perinatal 
encephalopathy and eye anomalies born to women with serological evidence of parvovirus 
B19 infection during pregnancy [162, 163, 164, 165]. It has been postulated that parvovirus 
B19 may have a direct cytopathic effect on rapidly growing immature embryonic tissues 
[166]. Parvovirus B19 also is a known cause of vasculitis in infants, and it is possible that a 
fetal cerebral vessel vasculitis could have resulted in some of the above central nervous 
system disorders [162]. However, confirmative data establishing parvovirus B19 infection as 
a teratogenic agent are lacking, and there is no epidemiological information available that 
conclusively establishes parvovirus B19 intrauterine infection as a cause of birth defects 
[167, 168, 169].  

Maternal parvovirus infection is usually a self-limiting illness that resolves without 
treatment. The arthropathy can last for several weeks and may require analgesics. Patients 
who are immunocompromised can have persistent infection that results in severe anemia 
[170]. Treatment with intravenous immunoglobulin (IVIg) has been reported to be successful 
in these patients [171]. Maternal infections in the first half of pregnancy should be 
expectantly managed with serial sonographic examinations to evaluate for fetal hydrops or 
intrauterine fetal demise. Ultrasound findings suggestive of fetal hydrops include 
hydramnios, placentomegaly, pericardial or pleural effusions, ascites, skin or scalp edema, 
and deranged middle cerebral artery doppler flows [147]. Since fetal anemia appears to be the 
major cause of the fetal pathophysiological process, intrauterine transfusion has been 
proposed and used in the treatment of nonimmune hydrops caused by parvovirus B19 
infection in the latter half of pregnancy [172, 173]. As there are no other reliable markers of 
impending fetal death after the development of hydrops, it is reasonable that patients with 
parvovirus B19-associated hydrops fetalis be offered fetal blood sampling and intrauterine 
transfusion as indicated. Fetal hydrops usually resolves within 2 weeks after adequate 
intrauterine therapy. Repeat fetal blood sampling can be performed 3 to 4 weeks after 
transfusion to confirm adequate erythrocyte production. Weekly ultrasound scans should be 
performed for up to 12 weeks after exposure or diagnosis, to assess for the development of 
hydrops. Without evidence of fetal hydrops or compromise there is no need for invasive tests 
to evaluate for fetal infection [152]. If fetal hydrops develops after maternal infection, 
consideration should be given for delivery at term or near-term gestations. At gestational ages 
of 32 to 34 weeks, an amniocentesis test could be performed and delivery would be 
appropriate if pulmonary maturity is confirmed [152]. 

 
 

Varicella Zoster Virus 
 
Varicella zoster virus (VZV) is a DNA herpes virus that is highly contagious and is 

transmitted by respiratory droplets or close contact. The incubation period after infection is 
10-20 days, with a mean of 14 days [174]. The period of infectivity begins 48 hours before 
the appearance of the rash, and lasts until the vesicles crust over. The primary infection 
causes chickenpox, which is characterized by fever, malaise, and a maculopapular pruritic 
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rash that becomes vesicular. Lesions may be at various stages in the same area of skin. The 
lesions initially appear on the face or trunk and spread centripetally to the extremities over 4 
to 7 days. After the primary infection, VZV remains dormant in sensory ganglia and can be 
reactivated to cause a vesicular erythematous skin rash termed herpes zoster. The antibody to 
VZV develops within a few days after the onset of infection, and prior infection with VZV 
confers lifelong immunity. 

Chickenpox (or primary VZV infection) is a common childhood disease that usually 
results in a mild infection, such that over 90% of the antenatal population are seropositive for 
VZV immunoglobulin G (IgG) antibody [175, 176]. For this reason, although contact with 
chickenpox is common in pregnancy, especially in women with young children, primary 
VZV infection is uncommon, i.e. it is estimated to complicate three in every 1 000 
pregnancies [177]. Varicella-zoster virus is estimated in USA to affect up to 1% of 
pregnancies, or about 6,000 cases annually [178].Varicella infection is uncommon in 
pregnancy (occurring in 0.4-0.7 per 1 000 patients), because of the high prevalence of natural 
immunity [179]. Varicella national mortality data shows that although less than 5% of 
varicella cases occur among adults 20 years of age or older, that group contributes to 55% of 
varicella-related deaths [180].  

All organ systems may be involved. Pneumonia is the primary serious complication and 
is more common in adolescents and adults. When varicella pneumonia does occur during 
pregnancy, however, the mortality rate may be as high as 40% in the absence of specific 
antiviral chemotherapy [181, 182, 183]. Varicella encephalitis is uncommon but can occur at 
any age. Other unusual complications of varicella include dysfunction of bowel and bladder 
sphincters, hepatitis, arthritis, orchitis, pericarditis, nephritis, and Reye's syndrome. The most 
common reason for hospitalization is a secondary bacterial infection causing a local cellulitis 
or focal pyogenic infection. Complications, such as encephalitis and pneumonia, are more 
common in adults than in children; VZV pneumonia in pregnancy is a risk factor for maternal 
mortality [184, 185]. 

Intrauterine infection can occur regardless of the severity of maternal varicella. In 
pregnancy, varicella may be transmitted transplacentally, resulting in congenital or neonatal 
chickenpox. The risk of congenital varicella syndrome is limited to exposure during the first 
20 weeks of gestation, and occurs in up to 2% of cases. Specific anomalies associated with 
congenital varicella syndrome include cutaneous scars, limb hypoplasia, muscle atrophy, 
malformed digits, psychomotor retardation, microcephaly, cortical atrophy, and various eye 
abnormalities including cataracts, chorioretinitis and microophthalmia. [186, 187]. In 
addition, autopsy findings in these fetuses suggest other abnormalities such as intrauterine 
growth restriction, thoracic dysplasia, dextrocardia, limb atrophy, cerebellar dysplasia, and 
ocular anomalies might be detected by ultrasound scan [188]. 

Neonatal VZV infection is associated with a high neonatal death rate when maternal 
disease develops from 5 days before delivery up to 48 hours postpartum as a result of the 
relative immaturity of the neonatal immune system and the lack of protective maternal 
antibody [189]. The clinical course of varicella of the newborn can be quite variable in 
progression and severity. Clinical illness typically develops within 5 to 10 days of delivery. 
Some infants have only scattered skin lesions and no systemic signs of illness, whereas others 
have a biphasic course, initially presenting with a cluster of skin lesions, followed by later 
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dissemination. Some have an acute illness accompanied by an extensive cutaneous eruption 
and visceral involvement. The most common life-threatening complication is pneumonia. 
Encephalitis and hepatitis also may occur. The mortality rate associated with varicella of the 
newborn may be 20% to 30% [190]. Occasionally, herpes zoster is present in the newborn. 
This condition is usually a benign manifestation of intrauterine varicella exposure; although 
in rare cases, it may be associated with encephalitis [191]. 

In situations of acute exposure, serologic testing must be completed within 24 to 48 
hours because varicella-zoster immune globulin (VZIG) should be administered as soon as 
possible. If serologic testing cannot be performed quickly, VZIG should be administered 
empirically to exposed women who are not certain of their immune status [184]. Other 
supportive measures include adequate fluids and analgesics. Women should be observed for 
evidence of disseminated disease, including severe mucocutaneous infection, pneumonia, 
hepatitis, or encephalitis. If any of these events occur, the woman should be admitted to the 
hospital for treatment with intravenous acyclovir. In studies, acyclovir appeared to modify 
life-threatening maternal infection, reducing mortality rates to 14% compared with 41% in 
untreated historic controls [182]. However, acyclovir should be used with caution before 20 
weeks of gestation, and women should be informed of the potential risk and benefits of 
treatment with acyclovir [185]. Oral acyclovir (800 mg five times a day for 7 days) reduces 
the duration of fever and symptomatology of varicella infection in immunocompetent adults 
if commenced within 24 hours of developing the rash when compared with placebo [192]. 
Data suggest that there is no increase in the risk of fetal malformation with acyclovir in 
pregnancy, although the theoretical risk of teratogenesis persists in the first trimester [193, 
194]. 

 
 

Toxoplasmosis 
 
Toxoplasma gondii occurs worldwide, but its incidence is higher in tropical areas and 

decreases with increasing latitude. Toxoplasmosis is caused by the intracellular parasite T. 
gondii, which exists in several forms: a trophozoite, which is the invasive form, and a cyst or 
an oocyst, which are latent forms. Human infection is acquired by consuming cysts in 
undercooked meat of infected animals, by insect contamination of food, by contact with 
oocysts from the feces of infected cats, which are the only definitive hosts, or by contact with 
infected soil. After an acute infection, IgM antibodies appear early and reach maximum 
levels in 1 month. IgG antibodies appear after IgM antibodies, are detectable within a few 
weeks after infection, and confer immunity. High titers of both IgG and IgM may persist for 
years. In the immunocompetent adult, the clinical course is benign and self-limited [195].  

Infection with T. gondii usually is asymptomatic, although after an incubation of 5-18 
days, some non-specific symptoms may occur, such as cervical lymphadenopathy, fever, 
malaise, night sweats, myalgias, and hepatosplenomegaly. Parasitemia can occur after 
infection, which, in pregnant women, can seed the placenta and cause subsequent fetal 
infection. Vertical transmission depends on the time of acquisition of maternal infection. The 
later in gestation that the infection occurs, the more likely transmission will occur. The rate of 
vertical transmission increases from 10% to 15% in the first trimester, to 25% in the second 
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trimester, and to more than 60% in the third trimester [196, 197]. If a pregnant woman 
acquires primary infection in pregnancy, T. gondii may be transmitted to the fetus and cause 
inflammatory lesions that may lead to permanent neurological damage, with or without 
hydrocephalus. The pregnant woman and the infected newborn are often asymptomatic but 
the child is at risk of recurring chorioretinitis later in life [195]. The severity of infection 
depends on gestational age at the time of transmission. The earlier the fetus is infected, the 
more severe the disease. Most infected infants do not have clinical signs of infection at birth, 
but 55-85% will develop sequelae, including chorioretinitis, leading to severe impairment of 
vision, hearing loss, or mental retardation [198, 199]. Other clinical manifestations of 
congenital toxoplasmosis include rash, hepatosplenomegaly, ascites, fever, periventricular 
calcifications, ventriculomegaly, and seizures [200, 201].  

It is a problem to diagnose whether women with specific IgM antibodies were infected 
before or after conception. This problem has been partly solved by obtaining repeat samples 
from pregnant women to see if there is any development of an immune response. It is 
generally agreed that there is development of Toxoplasma-specific IgG-antibody response 
within the first 8 weeks after infection, after which time the IgG levels are maintained at a 
high level [202, 203]. Samples are obtained during pregnancy and analysed for Toxoplasma-
specific IgM- and IgG-antibodies. When seroconversion is detected, the mother is infected, 
and treatment is usually started. The biggest diagnostic challenge is the situation when 
Toxoplasma-specific IgG and IgM-antibodies are found in the first sample after conception, 
where the time of infection is the key to estimating whether the fetus is at risk or not [204]. 
Established congenital toxoplasmosis is treated with pyrimethamine, sulfadiazine and folic 
acid from second trimester until a year old [205]. 

 
 

Rubella (German Measles) 
 
Rubella virus (RV) is a non-arthropod-borne member of the family Togaviridiae and the 

sole member of the genus, Rubivirus. The virus contains RNA, which is surrounded by a 
capsid and a lipoprotein envelope. The capsid is composed of the capsid protein (C), while 
the envelope contains two glycoproteins E1 and E2. These proteins induce the major immune 
responses. Rubella virus is only found in humans; there is no known animal reservoir. It is 
transmitted by aerosol via the respiratory tract. Rubella has recently been eliminated from the 
USA and Scandinavian countries, where there are effective vaccination programmes, and it is 
becoming a rare disease in many other industrialized countries [206]. In 2003, it was 
estimated that more than 100 000 infants with congenital rubella syndrome (CRS) were born 
worldwide [207]. 

Rubella is generally a mild disease in children, but may be more severe in adults. It has 
an incubation period of about 14 days (range 12–23 days), before the characteristic non-
confluent maculopapular rash appears. Lymphadenopathy may be present before appearance 
of the rash, and persists for 10–14 days after the rash disappears. The suboccipital, 
postauricular and cervical lymph nodes are most frequently affected. Adults may experience a 
prodromal phase with malaise and low grade fever, headache, sore throat, cough and 
conjunctivitis. Depending on the population, 20–50% of infections are subclinical. A viremia 
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occurs for about 7 days before the onset of rash, while virus excretion may be detected from 
7 days before appearance of the rash until 7–12 days after onset of rash, thus the patient is 
potentially infectious for more than 2 weeks. Arthralgia and arthritis are the most common 
complications. Other serious complications are post-infectious encephalopathy (about 1 in 
6000 cases) and bleeding disorders due to thrombocytopaenia (1 in 3000 cases) [206]. 
Infection prior to conception does not present a risk to the fetus [208], but when primary 
rubella infection occurs in the first 12 weeks of pregnancy rubella virus will cross the 
placenta and induce a generalized and persistent fetal infection in about 80% of cases [206], 
with multiple defects most likely to occur in those infected during the first 8 weeks. After 
12 weeks the risk to the fetus declines rapidly, with only rare cases of deafness reported at 
17–18 weeks' gestation. The risk of congenital defects may be less when maternal infection is 
subclinical. Spontaneous abortion may occur in up to 20% of cases when rubella occurs in 
the first 8 weeks of pregnancy [209]. Rubella reinfection is usually subclinical and most often 
detected by serology in pregnant women who are investigated following exposure to rubella 
or immunization [210]. Congenital infection occurs in about 8%, but the risk of defects is 
probably less than 5%, substantially less than the risk from primary rubella [211]. Maternal 
reinfection is usually suclinical and diagnosed by changes in antibody concentration (IgG 
and/or IgM) only. The risk to the fetus of subclinical maternal reinfection in the first 16 
weeks gestation would suggest the risk of congenital damage is less than 10%, and probably 
less than 5% [212]. Thus, it is important to differentiate reinfection from primary rubella in 
pregnancy. No congenital defects have been reported when maternal reinfection has occurred 
after 12 weeks' gestation.  

As a clinical diagnosis is unreliable, it is essential that pregnant women developing or 
exposed to a rubella-like illness in the first 16 weeks of pregnancy are investigated for rubella 
IgM and IgG in serum obtained as soon as possible, since a termination of pregnancy (TOP) 
should be offered when rubella is confirmed [212]. A positive rubella IgM and IgG result is 
strongly suggestive of rubella, but should be confirmed by testing a second serum taken 5–
10 days later to detect rubella IgM and a rise in rubella IgG titers [206]. 

The outcome of rubella in pregnancy may be the birth of an infant with congenital 
abnormalities, birth of an apparently normal infant or spontaneous abortion. Early UK and 
Swedish studies suggested that 3–4% infants whose mothers had rubella in the first 12 weeks 
of pregnancy would die in the first 2 years of life [213]. In a US study, 35% of severely 
affected infants with thrombocytopenic purpura, low birth weight and heart disease died in 
the first 18 months of life [214].The abnormalities caused by congenital rubella infection are 
collectively known as congenital rubella syndrome (CRS). Congenital rubella infection (CRI) 
can provoke transient, permanent and late damage in organogenesis [215]. Permanent CRS 
includes sensorial hearing loss, heart abnormalities (ductus arteriosus), ocular defects 
(cataracts, micropthalmia, glaucoma), encephalopathy with mental retardation and motor 
impairment.  

Delayed CRI includes organ pathology, endocrinopathies related to autoimmune 
phenomena triggered by persistent rubella infection (diabetes, thyroiditis, growth hormone 
deficiency), hearing loss, ocular damage, arteriosclerosis, hypertension and progressive 
rubella panencephalitis [216, 217, 218].  
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In spite of normal appearance of 50–70% infants with CRI at birth, one of the above 
listed abnormalities develops later in life. The overall mortality of infants in CRS is 5–35%; 
spontaneous abortions occur in 4–9% and stillbirths in 2–3% of pregnancies complicated by 
maternal rubella [6, 219]. In the first trimester the risk of damage in seropositive infants 
reaches 85%, in the second (13–16 weeks) it is lowered to 35%. The risk of maternal 
infection to the fetus are 90% before the 11th week of pregnancy, 33% for weeks 11–12, 11% 
for weeks 13–14 and 2–4% for weeks 15–16 [6, 220]. Early infected fetuses are of greater 
risk to in utero death or to congenital malformations and damages of organs and systems 
[221]. Fetal infection in utero is a consequence of maternal viremia which seeds the placenta, 
causes fetal viremia and damages fetal organs. Placentas may contain the virus even when the 
fetus does not [222]. 

It has been suggested that RV crosses to the fetus via the chorion during maternal 
viremia and virus-infected desquamated epithelial and endothelial cells are transported to the 
fetal circulation and fetal organs [223]. No inflammatory response is detected, which is 
characteristic of rubella embryopathy following maternal rubella in early pregnancy, as fetal 
immune responses have not developed. Suggested mechanisms for fetal damage include a 
RV-induced retardation in cell division, RV-induced apoptosis of essential cells, viral 
interference with the cell cycle, and tissue necrosis [224 225]. When maternal infection 
occurs after the first trimester, virus may cross the placenta, but a persistent infection is not 
established, because fetal immune responses have developed and these terminate infection 
[206]. If infection occurs in the first trimester of pregnancy, the risk of fetal infection and 
damage is high (about 90% in the first two months of pregnancy, and 50% in the third), and 
termination of pregnancy is usually recommended. Risk of fetal damage falls steeply after the 
first trimester and is negligible after 16 weeks; between 12 and 16 weeks, deafness has been 
reported [10]. If a pregnant woman has close contact with or develops rubella-like illness, her 
IgG and IgM titres should be measured, even if she was previously positive for rubella IgG; 
rarely, women with apparently adequate immunity can be reinfected, although the risk of 
fetal abnormality is probably less than 5% even in the first trimester [210]. If contact is in the 
second or third trimester and rubella IgG was detected in the first trimester, further 
investigation is not necessary. Women who remain susceptible to rubella should receive 
measles-mumps-rubella (MMR) vaccine postpartum [10]. 

 
 

Urinary Tract Infection 
 
It is estimated that about 35% of healthy women suffer symptoms of urinary tract 

infection (UTI) at some time in their life [226]. UTI is the presence of bacteria in the urine 
(bacteriuria). For epidemiological purposes, ‘significant’ bacteriuria is defined as at least 105 
bacteria/ml in a specimen of freshly-voided urine. Symptomatic infection is associated with 
inflammation and a urine WBC count higher than 8 cells/ml (pyuria, leukocyturia). The 
principal bacterial infections of the kidney and urinary tract occur in either the renal 
parenchyma (pyelonephritis), the bladder (cystitis) or the urethra (urethritis). The majority of 
UTI’s are caused by gastrointestinal organisms. Bacteria most commonly enter via the urethra 
(ascending infection), but can enter via the bloodstream. Ascending infections account for 



Dushyant Maharaj 32 

most cases of uncomplicated cystitis and pyelonephritis, and usually involve organisms of the 
normal bowel flora – principally Escherichia coli (≥75% of cases). Staphylococcus 
saprophyticus is sometimes found in young women (5–10%), and Proteus mirabilis and 
Klebsiella pneumoniae are rare causes. The greater susceptibility of women to UTI is partly 
because of the short urethra and its proximity to the bowel [227]. The factors that predispose 
a woman to UTI in pregnancy appear to be related to the anatomical and physiological 
changes in the kidney and urinary tract that occur during pregnancy. The ureters become 
dilated above the pelvic brim and the bladder is displaced anteriorly and superiorly by the 
enlarging uterus. Renal blood flow and the glomerular filtration rate increase by about 30- 
40% during pregnancy and the kidneys become slightly enlarged and hyperaemic. Urine flow 
may be sluggish and the bladder may not empty completely [228]. 

Acute cystitis is associated with frequency, urgency and dysuria. The urine is discolored, 
appears hazy and may be offensive smelling. Microscopic hematuria is often present. Cystitis 
is not a systemic infection; therefore, patients are not febrile. Acute urethritis is associated 
with dysuria and urethral discharge. Infection is usually sexually transmitted and is caused by 
Neisseria gonorrhoeae (20%) or non-gonococcal organisms (80%) including Chlamydia 
trachomatis, Mycoplasma genitalium and Ureaplasma urealyticum. The latter infections 
(nonspecific urethritis) are often asymptomatic, and the organisms become permanent 
commensals [227]. Asymptomatic bacteriuria is often not associated with symptoms. Acute 
pyelonephritis is associated with fever, malaise, loin pain, bacteriuria and pyuria. There may 
be symptoms of cystitis. The condition can present as Gram-negative septicemia. Acute 
pyelonephritis is a systemic illness, so patients are commonly febrile and the C-reactive 
protein level is raised. Blood cultures are positive in 15–20% of patients admitted to hospital 
[227]. Patients with an abnormal urinary tract and recurrent episodes of pyelonephritis may 
simply feel unwell, suffering general malaise, headache, loss of appetite and backache. They 
may report that their urine is discolored and has an offensive odor [227].  

Symptomatic UTI occurs in 1% to 2% of pregnancies, while asymptomatic bacteriuria 
has been reported in 2% to 13% of pregnant women, and is associated with premature 
delivery and low birth weight [229, 230]. Pyelonephritis develops in 30–40% of pregnant 
women with untreated bacteriuria, compared with 1–2% in non-bacteriuric pregnancies 
[227]. Most β-lactam antibiotics, including amoxicillin and cephalosporins, and 
nitrofurantoin are considered safe and effective in pregnancy. It is usual to treat the woman 
for 1 week and re-culture her urine on follow-up visits. If bacteriuria recurs, or if the women 
has vesico-ureteric reflux, prophylactic therapy may be necessary. Pyelonephritis is the most 
common severe bacterial infection that can lead to perinatal and maternal complications 
including premature delivery, infants with low birth weight, fetal mortality, preeclampsia, 

pregnancy-induced hypertension, anemia, thrombocytopenia, and transient renal insufficiency 
[228]. 

An MSU must be taken in patients with pyelonephritis or complicated UTI. Urine culture 
is not required in those with sporadic, uncomplicated UTI if the signs and symptoms are 
associated with hazy urine and microscopic hematuria. A leukocyte esterase dipstick can be 
used to detect pyuria, and sticks are available to detect nitrite (produced by bacterial 
metabolism of urinary nitrate). Most symptomatic UTI’s in pregnant women present as acute 
cystitis, as occurs in non-pregnant women. Usually a 7-day treatment course is recommended, 



Complications of Infections in Pregnancy 33

e.g. with nitrofurantoin, cefazolin, cephalexin, ceftriaxone, and gentamicin [231]. Existing 
data indicate that exposure to penicillins, cephalosporins, fluoroquinolones, nitrofurantoin, or 
phenazopyridine during pregnancy is not associated with increased risk of fetal 
malformations. Trimethoprim-sulfamethoxazole should be avoided, if possible, during the 
first trimester of pregnancy because of the anti-folate effect associated with neural tube 
defects [231].  

Controversy exists as to the treatment period of asymptomatic bacteriuria. Some studies 
report that a single dose therapy is efficient [232], while others suggest three, five or seven 
days of treatment [233].The Infectious Diseases Society of America recommends that 
duration of antimicrobial therapy should be 3-7 days [234].Randomised trials indicate that 
drinking 200 ml to 750 ml of cranberry or lingonberry juice, or taking of cranberry 
concentrate tablets, reduces the risk of symptomatic, recurrent infection by 10% to 20% [235, 
236, 237]. In cases of delayed defeverescence and upper tract dilatation, a ureteral stent may 
be indicated and antimicrobial prophylaxis until delivery, and including the puerperium 
should be considered. Follow-up urine cultures should be obtained after therapy to 
demonstrate eradication of the bacteriuria [230]. As in non-pregnant women, there is no 
advantage to be gained by using long-term prophylaxis except for recurrent infections. Low-
dose cephalexin (125-250 mg) or nitrofurantoin (50 mg) at night is recommended for 
prophylaxis against re-infection if indicated, lasting up to and including the puerperium. 
Postcoital prophylaxis may be an alternative approach. The major causes of concern are the 
presence of underlying urological abnormalities and associated risks to the mother and fetus, 
such as toxemia, hypertension, prematurity and perinatal mortality. With the use of 
appropriate antimicrobial therapy almost all patients with uncomplicated pyelonephritis do 
well and become afebrile within a few days [234].  

Complications of pyelonephritis during pregnancy can be devastating. Although 
complications such as pyonephrosis and perinephric abscesses most often occur in patients 
with obstruction, they are not prerequisites for severe complications. Complications may 
include the following: perinephric cellulitis and abscess, septicemic shock, renal dysfunction 
(usually transient, but as many as 25% of pregnant women with pyelonephritis have a 
decreased GFR), hematologic dysfunction (common but seldom of clinical importance) and 
pulmonary injury [238]. Approximately 1 in 50 women with severe pyelonephritis during 
pregnancy have evidence of pulmonary injury and respiratory insufficiency. Endotoxins that 
alter alveolar-capillary membrane permeability are produced; subsequently, pulmonary 
edema and acute respiratory distress syndrome develop [239]. 

 
 

Malaria in Pregnancy 
 
Pregnant women are more likely than nonpregnant women to become infected with 

malaria and to have severe infection. The effects of malaria during pregnancy include 
spontaneous abortion, preterm delivery, low birth weight, stillbirth, congenital infection, and 
maternal death [240, 241, 242, 243]. Malaria is caused by the four species of the protozoa of 
the genus Plasmodium, which is transmitted by the bite of the female Anopheline mosquito, 
congenitally, or through exposure to infected blood products [244]. Malaria in humans is 
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caused by the four species of the protozoa of the genus Plasmodium (P. falciparum, P. vivax, 
P. ovale, and P. malariae).  

In high transmission areas, women have a level of immunity to malaria that wanes 
somewhat during pregnancy, and infection is more likely to result in severe maternal anemia 
and delivery of low birth-weight infants. On the other hand, in low transmission areas, 
women generally have developed no immunity to malaria, and infection is more likely to 
result in severe malaria disease, maternal anemia, premature delivery, or fetal loss [245]. The 
effects of malaria in pregnancy also are affected by the status of malaria in the community. 
Malaria endemic areas are defined as those with seasonal or perennial significant annual 
transmission. In areas of stable, endemic transmission, adult women usually have a protective 
semi-immunity against P falciparum acquired during the first 10 to 15 years of life [246]. 
Immunity is maintained through continued exposure to malarial illness. In these areas, most 
malaria infections are asymptomatic [247, 248]. In areas of unstable, non-endemic 
transmission, adult women have no significant level of immunity, are more likely to be 
symptomatic when parasitemic, and are at greater risk of developing severe disease and of 
death. 

Malaria affects more than three million pregnant women per year in developing 
countries, where it commonly causes poor birth outcomes and maternal anemia.  

[249, 250, 251]. Each year, approximately 50 million women living in malaria-endemic 
countries throughout the world become pregnant, of whom over half live in tropical areas of 
Africa with intense transmission of P. falciparum. An estimated 10 000 of these women and 
200 000 of their infants die as a result of malaria infection during pregnancy [252, 247]. 
South and southeast Asia is another region that has the burden of malaria of varying 
endemicity [253]. Another estimate suggests that 11·4% of neonatal deaths and 5·7% of all 
infant deaths in malaria-endemic areas of Africa may be caused by malaria in pregnancy-
associated low birthweight, which translates to around 100 000 infant deaths [254]. 

The transmission vector for the malarial parasite is the female Anopheles mosquito. The 
mosquito feeds on blood for the production of her eggs. The infected mosquito transfers the 
infective Plasmodium parasite, or sporozoite, from the salivary gland into the capillaries, 
causing parasitemia. The sporozoites penetrate liver cells within 30 minutes where they 
mature and amplify for 7 to 30 days into schizonts, which burst and release merozoites. The 
merozoites invade the erythrocytes and multiply and develop into their reproductive form, or 
gametocytes. This multiplication and periodic release from erythrocytes of new merozoites 
and malarial antigens forms the classical description of waves of fever. The duration of the 
asexual schizogonic cycle differs between human malarias. It is usually 48-50 hours in case 
of P. vivax, P. ovale, and P. falciparum, but 72 hours in P. malariae, which results in 
different species-based fever pattern. This fever pattern was used to distinguish between 
tertian (48 hours) and quartan (72 hours) malaria.The parasites can remain dormant in the 
liver for months to years. When in the liver and erythrocytes, the parasite is relatively 
protected from attack by the body’s immune system. To prevent the circulating infected 
erythrocytes from being destroyed in the spleen, the parasite produces surface proteins which 
cause the erythrocytes to adhere to the walls of the blood vessels producing end-organ 
damage and other complications. A female mosquito bites an infected person and ingests 
blood containing the gametocytes. Fertilization occurs in the mosquito’s gut, and within 10 to 
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18 days new sporozoites develop and travel to the mosquito’s salivary gland, and the cycle 
repeats itself [255, 256]. 

Pregnancy-associated malaria is characterized by placental malaria and the sequestration 
of malaria parasites. Placental malaria is the accumulation of Plasmodium infected 
erythrocytes in the intervillious space of the placenta, causing changes and leukocyte-induced 
damage to the trophoblastic basement membrane. [257]. When a pregnant woman is infected 
with the malaria parasite, the infected erythrocytes bind to specific receptors in the placenta, 
especially chondroitin sulphate A, and interfere with oxygen and nutrient transport across the 
placenta. Anti-adhesion immunoglobulin G antibodies against chondroitin sulphate A– 
binding parasites are associated with protection from maternal malaria that develops only 
over successive pregnancies [246].  

The symptoms of early malaria are non-specific, and include headache, myalgia, 
arthralgia, fever, anorexia, emesis, and malaise. The diagnosis of malaria depends on a high 
suspicion for the disease, and is typically confirmed by microscopic examination, the gold 
standard for routine laboratory diagnosis of malaria. The numbers of plasmodia are counted 
either on a stained thick film blood smear for low parasitemias or thin film blood smear for 
high parasitemias [258]. However, in the United States, where most medical laboratories are 
not familiar with the diagnosis of malaria, polymerase chain reaction (PCR)-based techniques 
are more accurate than microscopy and can detect 5 to 10 parasites per microliter of blood 
[259]. Where laboratory facilities and microscopy expertise are limited, rapid diagnostic tests 
(RDT) that detect the plasmodial antigens can be used [260]. The Centers for Disease Control 
and Prevention recommends that all RDT results in the United States be followed up with a 
confirmatory blood film. 

If malaria treatment is delayed or if ineffective medications are given, uncomplicated 
malaria may progress rapidly to severe malaria such as cerebral malaria, severe anemia, 
hypoglycemia, and if untreated, death [258]. In addition, pregnant women, already prone to 
hypoglycemia because of enhanced pancreatic beta-cell function, have an increased risk of 
symptomatic hypoglycemia during Plasmodium infection because of maternal 
hyperinsulinemia, parasite glucose requirements, maternal glucose requirements during 
febrile illness, and decreased liver glycogen stores from decreased oral intake related to 
anorexia and emesis [261]. 

The burden of malaria in pregnancy is exacerbated by co-infection with HIV. Sub-
Saharan Africa bears the brunt of this comorbidity, where approximately 25 million pregnant 
women are at risk of P. falciparum infection every year, and 77% (13·5 million) of the 
world's HIV-infected women reside [262, 263]. Studies from Africa highlight the deleterious 
effect of HIV on malaria, reporting higher risks of placental malaria, high-density 
parasitemia, and febrile illness in HIV-infected women [264]. HIV increases the degree to 
which malaria is associated with maternal severe anemia and low birthweight beyond the 
effect of HIV itself on anemia and birthweight [264].  

The World Health Organization currently recommends a three-pronged approach to 
prevent these adverse effects in areas with high levels of transmission of P. falciparum 
malaria - intermittent preventive treatment (IPT) with antimalarial drugs, insecticide-treated 
bed nets (ITN), and febrile malaria case management [252].The selection of the specific drug 
for malaria treatment during pregnancy is based on the regional Plasmodium species, known 
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drug sensitivities or resistance, consideration to the potential benefit versus potential risks, 
and any contraindications to the use in pregnancy. Chloroquine phosphate can be used safely 
in all trimesters and is recommended by the CDC as the treatment of choice for pregnant 
women in the United States with uncomplicated malaria caused by chloroquine- sensitive P. 
falciparum [265]. Hydroxychloroquine may be given as an alternative to chloroquine. The 
CDC recommends quinine plus clindamycin to treat uncomplicated chloroquine-resistant P. 

Falciparum. Parenteral treatment with quinidine gluconate plus clindamycin, 
tetracycline, or doxycycline is required for severe infection [265]. According to the WHO, 
quinine plus clindamycin is the preferred regimen to treat uncomplicated P falciparum 
malaria in the first trimester of pregnancy [266]. If clindamycin is unavailable or 
unaffordable, quinine monotherapy should be given. Sulfadoxine-pyrimethamine in the 
second and third trimesters is safe and effective protection against peripheral and placental 
infection. It also reduces the incidence of anemia during pregnancy, and the incidence of 
LBW [262, 266]. 

The CDC recommends that pregnant travelers avoid malaria endemic areas [259, 265]. 
Pregnant women who do travel to endemic countries should begin prophylactic antimalarial 
medication—either mefloquine or chloroquine - before their travel and continue medication 
post-travel. The type of medication indicated depends on the country that the patient is 
visiting. All travelers, including pregnant women, are also encouraged to use personal 
protection measures to prevent mosquito bites. Inspite of recommendations, currently there is 
insufficient reliable research on malaria treatment options in pregnancy [267]. 

 
 

Tuberculosis in Pregnancy 
 
Mycobacterium tuberculosis is an obligate aerobe bacilli (weakly Gram-positive 

mycobacterium, hence Ziehl-Neelsen staining [acid-fast staining] is used). The disease 
spreads from person to person through the air. Tuberculosis (TB) usually affects the lungs, 
but it can also affect other parts of the body, such as lymph nodes, brain, kidneys, bowel, or 
bones. Tuberculosis is frequently encountered among pregnant women and is responsible for 
9% of all deaths of women of reproductive age. India accounts for 30% of the burden of all 
tuberculosis cases in the world [268]. More than 80% of the patients are in the economically 
productive age-group. An increased obstetric morbidity has been reported in pregnant 
women, with adverse pregnancy outcomes occurring in about 20% of untreated cases. Studies 
have also suggested no unusual increase in pre-term labor or other adverse pregnancy 
outcomes in treated cases [269, 270, 271]. The effects of TB on pregnancy depend upon 
various factors such as type, site and extent of the disease, stage of pregnancy, when 
management gets instituted, nutritional status of mother, presence of concomitant disease, 
immune status and co-existence of HIV infection, and availability of facilities for early 
diagnosis and treatment. The pulmonary and extra-pulmonary forms of TB effect pregnant 
women in the same way as the non-pregnant women [269]. 

If anti-tuberculosis treatment (ATT) is started early in pregnancy, the outcome is same as 
that in non-pregnant patients, whereas late diagnosis and care is associated with a four-fold 
increase in obstetric morbidity and nine-fold increase in pre-term labour [272]. Poor 
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nutritional states, hypo-proteinemia, anemia and associated medical conditions add to 
maternal morbidity and mortality. Co-existing HIV infection is known to augment 
progression of TB and worsens the immunosuppression of the patient [269].The stage of 
pregnancy at which ATT is begun is the factor of paramount importance that chiefly 
determines the maternal outcomes in pregnancies associated with TB. This infection is 
believed to flare-up by the stress of pregnancy, especially in association with poor nutritional 
status, immunodeficient states, or co-existent diseases [269]. 

A fetus may contract TB infection either by hematogenous spread through the umbilical 
vein to the fetal liver or by ingestion or aspiration of infected amniotic fluid [273]. True 
congenital TB is believed to be rare. Cantwell et al. criteria for confirming neonatal TB 
include the demonstration of either primary hepatic complex or caseating hepatic granulomas 
at per cutaneous liver biopsy at birth, or presence of maternal genital tract or placenta TB, or 
the presence of lesions during first week of life by excluding postnatal transmission by a 
thorough investigation of all the contacts (including the attendants) [274]. The overall 
mortality for congenital TB is 38% in the untreated and 22% in the treated [274].There is a 
two-fold increase in the occurrence of pre-maturity, small-for-dates, and low-birth weight 
babies in women treated with ATT for 6-9 months during pregnancy [275].However, late 
prenatal diagnosis of disease, late institution of ATT, incomplete or irregular adherence to 
therapy, advanced lung lesions and poor maternal nutrition contribute to poor fetal health 
[269]. In those with a late diagnosis, obstetric morbidity is increased fourfold and preterm 
labour ninefold [272]. A higher frequency of abortion, toxemia, and intrapartum 
complications has also been reported [276]. In sub-Saharan Africa tuberculosis is an 
increasingly important cause of non-obstetric mortality. In some countries tuberculosis now 
accounts for 25% of all non-obstetric deaths, most in combination with HIV positivity, the 
dual epidemic being a major factor in an eightfold increase in maternal mortality [277]. 

Health-care workers must bear in mind similarities of symptoms between TB and 
pregnancy, such as tachycardia, anemia, raised ESR and low serum albumin level, as well as 
dissimilar parameters which may confuse the clinical presentation [269].The most common 
site of tuberculosis in pregnancy is pulmonary, associated with cough, weight loss, fever, 
malaise or fatigue, and hemoptysis; 20% may be asymptomatic but may have abnormal 
radiographs [278]. Five percent to10% of pregnant women may present with extrapulmonary 
disease, a proportion comparable with non-pregnant women of the same age and ethnicity 
[279]. The weight gain as well as the height of uterus as compared to the period of gestation 
in tuberculous pregnant women has been found to be significantly less in comparison with 
healthy pregnant women [280]. 

Sputum examination done for acid-fast bacilli is the preferred method for the diagnosis 
of pulmonary TB. A chest x-ray (performed after shielding the abdomen) is done if all 3 
sputum smears are negative and symptoms persist despite treatment with antibiotics. In the 
USA tuberculin testing in high risk groups followed by chest radiography where appropriate 
is recommended [281]. The detection of latent infection by tuberculin skin testing is not 
affected by pregnancy [282]. A pregnant woman with extra-pulmonary TB has constitutional 
and organ-affection symptoms. Routine hematology and Mantoux test along with 
investigations specific for the site are carried out for the establishment of specific diagnosis. 
Co-existence of HIV infection should especially lead to a thorough search for any extra-
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pulmonary tuberculous focus. Mediastinal or retro-peritoneal adenopathy, pleural effusion or 
parenchymal infiltrate may be detected on chest x-ray in late course of the disease, whereas 
cavitary lesions could exist in early HIV co-infection [269]. 

In almost all situations, tuberculosis discovered during pregnancy should be treated 
without delay. A pregnant woman with a positive skin test and abnormal chest x-ray findings 
compatible with tuberculosis should start treatment. Three samples of induced sputum should 
be submitted for smear, culture, and drug-susceptibility testing. The outcome of these tests 
will determine the regimen for continuation of treatment. As with any other medication, 
particularly in the first trimester, the main concern about tuberculosis treatment in pregnancy 
is the risk of teratogenicity. Short course chemotherapy trials have shown that 6 month 
regimens of rifampicin (RIF) and isoniazid (INH), supplemented by 2 months initial 
treatment with pyrazinamide (PZA) and either ethambutol (EMB) or streptomycin, is the 
treatment of choice for tuberculosis [283]. The trials, however, were not performed in 
pregnant subjects. There are four recommended regimens for treating patients with 
tuberculosis caused by drug-susceptible organisms [284]. Each regimen has an initial phase 
of 2 months followed by a choice of several options for the continuation phase of either 4 or 
7 months. Because of the relatively high proportion of adult patients with tuberculosis caused 
by organisms that are resistant to isoniazid, four drugs are necessary in the initial phase for 
the 6-month regimen to be maximally effective. In most circumstances, the treatment regimen 
for all adults with previously untreated tuberculosis consists of a 2-month initial phase of 
INH, RIF, PZA, and EMB. When drug susceptibility test results are known and the organisms 
are fully susceptible, EMB need not be included. If PZA cannot be included in the initial 
phase of treatment, or if the isolate is resistant to PZA alone, the initial phase should consist 
of INH, RIF, and EMB given daily for 2 months (Regimen 4). The initial phase may be given 
daily throughout (Regimens 1 and 4), daily for 2 weeks and then twice weekly for 6 weeks 
(Regimen 2), or three times weekly throughout (Regimen 3). The continuation phase of 
treatment is given for either 4 or 7 months. The 4-month continuation phase should be used in 
the large majority of patients. The 7-month continuation phase is recommended only for three 
groups: (i) patients with cavitary pulmonary tuberculosis caused by drug-susceptible 
organisms and whose sputum culture obtained at the time of completion of 2 months of 
treatment is positive; (ii) patients whose initial phase of treatment did not include PZA; (iii) 
patients being treated with once weekly INH and RIF and whose sputum culture obtained at 
the time of completion of the initial phase is positive [281, 283]. 

For HIV-seronegative patients with noncavitary pulmonary tuberculosis (as determined 
by standard chest radiography), and negative sputum smears at completion of 2 months of 
treatment, the continuation phase may consist of rifampicin and INH given once weekly for 4 
months by daily observed treatment (DOT). If the culture at completion of the initial phase of 
treatment is positive, the once weekly INH and RIF continuation phase should be extended to 
7 months. The once-weekly continuation phase is contraindicated in patients with HIV 
infection because of a high rate of failure/relapse.  

For the same reason twice weekly treatment, either as part of the initial phase or 
continuation phase, is not recommended for HIV-infected patients with CD4+ cell counts 
<100 cells/µl. These patients should receive either daily (initial phase) or three times weekly 
(continuation phase) treatment 
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Although all of these drugs cross the placenta, they do not appear to have teratogenic 
effects. Streptomycin is the only anti-tuberculosis drug documented to have harmful effects 
on the human fetus (congenital deafness) and should not be used. 

The low concentration of anti-TB medications in breast milk should not be considered 
effective treatment for disease or as treatment for latent TB infection in a nursing infant 
[285]. Because the small concentrations of anti-tuberculosis drugs in breast milk do not 
produce toxicity in the nursing newborn, breast feeding should not be discouraged for an 
HIV-seronegative woman who is planning to take or is taking INH or other anti-TB 
medications. Pyridoxine supplementation (25 mg/day) is recommended for all women taking 
INH who are either pregnant or breastfeeding.  

 
 

Typhoid Fever (Enteric Fever, Salmonella Typhi) 
 
Salmonella Typhi is a serovar of Salmonella enterica, a gram-negative rod found only in 

humans, and the cause of the disease typhoid fever. Salmonella Typhi possesses three main 
antigenic factors: the O, or somatic antigen; the Vi, or encapsulation antigen; and the H, or 
flagellar antigen. A similar, but less severe, disease is caused by Salmonella paratyphi A. In 
the US approximately 500 cases of typhoid fever are reported annually in the United States. 
More than two thirds of those cases are contracted during travel abroad, and involve children, 
adolescents, and young adults [286]. According to the best global estimates, there are at least 
16 million new cases of typhoid fever each year, with 600 000 deaths, mostly in Asia, Africa, 
and Latin America. In the developing world on the other hand, though, accurate statistics may 
be lacking, the incidence of up to 13-22 per 100 000 persons per year has been documented 
[287]. Global incidence is about 0.5%, but incidence rates as high as 2% have been reported 
in hot spots [288].  

Typhoid fever is most prevalent in developing countries where sanitary water and sewage 
systems are lacking. Transmission occurs most often by one of the following mechanisms: 1) 
ingestion of contaminated food or water, 2) contact with an acute case of typhoid fever, 3) 
contact with a chronic asymptomatic carrier. Following ingestion of an infectious dose of at 
least 10 000 bacteria, mucosal penetration occurs in the distal ileum resulting in a transient, 
asymptomatic bacteremia. The organisms survive and multiply within mononuclear 
phagocytes located in lymph nodes, spleen, liver, and bone marrow. The clinical phase of the 
disease begins within 1-3 weeks, resulting from persistent bacteremia. Hematogenous spread 
to ileal Peyer patches and the gall bladder reintroduces bacteria to the gut lumen and stool 
cultures again become positive, allowing continued fecal-oral spread of the disease. Mucosal 
ulceration overlying hyperplastic Peyer patches in the ileocecal region may result in pain, 
diarrhea, bleeding, and occasional perforation.  

Constitutional symptoms include fever, chills, headache, sore throat, muscle pain, and 
weakness. Many patients complain of a skin rash and cervical adenopathy. Gastrointestinal 
symptoms include nausea, vomiting, anorexia, diarrhea, constipation, and abdominal pain. 
Neurologic symptoms include altered mental status and occasional seizures. Patients with 
ocular manifestations generally complain of pain and decreased vision. Relative bradycardia 
(less tachycardia than expected for the degree of fever) may occur in up to 50% of patients 
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but is not a reliable diagnostic indicator. Faintly erythematous maculopapules or rose spots 
occur on the trunk and may become hemorrhagic. Cervical adenopathy and 
hepatosplenomegaly are often present. Intestinal bleeding may occur from ulceration of 
mucosa overlying hyperplastic ileal Peyer patches. Altered mental status and seizures may 
occur. Ocular manifestations are rare and occur in association with systemic illness [289, 
290]. 

Rare fatal complications include intestinal perforation or severe hemorrhage. Localized 
infections such as cholangitis, urinary tract infection, pneumonia, osteomyelitis, arthritis, 
meningitis, and endophthalmitis occasionally are seen. Spontaneous splenic rupture and 
multiple brain abscesses also have been reported [286]. Recovery is characterized by 
diminishing fever and begins by the fourth week in patients without antibiotic treatment. In 
contrast, antibiotic use usually results in defervescence in less than 7 days. Relapse occurs in 
as many as 10% of patients, while 1-3% of patients become long-term carriers following 
recovery.  

New diagnostic tests include those for immunoglobulin M (IgM) and immunoglobulin G 
(IgG) antibodies. The Typhidot-M® test has a specificity of 75% and a sensitivity of 95% 
[291, 292]. The Tubex® test is rapid and detects the O9 antigen [293, 294]. The classic 
Widal test is rarely used because of its low sensitivity and specificity [295]. Blood, urine, and 
stool cultures are still frequently used to isolate S. typhi, but the yield is only about 70%. 
Complete blood count may reveal anemia and thrombocytopenia. Liver function test results 
are commonly elevated. Renal dysfunction may occur, but chronic renal failure has not been 
reported. Abdominal radiographs demonstrate free air in cases of intestinal perforation. Bone 
marrow biopsy results are positive in as many as 90% of individuals who are affected; 
therefore, performing a bone marrow biopsy is useful in cases of diagnostic uncertainty [296, 
298]. 

Amoxycillin, and trimethoprim–sulfamethoxazole remain appropriate for the treatment of 
typhoid fever in areas of the world where the bacterium is still fully susceptible to these drugs 
and where the fluoroquinolones are not available or affordable. The fluoroquinolones are 
widely regarded as optimal for the treatment of typhoid fever in adults [298]. They are 
relatively inexpensive, well tolerated and reliably effective than the former first-line drugs, 
viz. chloramphenicol, ampicillin, amoxycillin and trimethoprim-sulfamethoxazole. However, 
the emergence of multidrug resistant strains (MDR) strains has reduced the choice of 
antibiotics in many areas. In recent years, however, there have been many reports of reduced 
susceptibility and treatment failure with fluoroquinolones [299, 300]. In areas of the world 
where the bacterium is still fully sensitive to traditonal first-line drugs (chloramphenicol, 
amoxycillin or trimethoprim-sulfamethoxazole), these remain appropriate for the treatment of 
typhoid fever [295]. The third-generation cephalosporins (ceftriaxone, cefixime, cefotaxime, 
and cefoperazone) and azithromycin are also effective drugs for typhoid. The current drug of 
choice in pregnant women is parenteral ceftriaxone [301, 302]. There are few data on the 
treatment of pregnant women with typhoid. Typhoid fever diagnosed in the latter part of the 
second and third trimesters, and treated early, did not seem to alter the neonatal outcome 
[303]. 

Salmonellea typhi causes septicemia of digestive origin that can cross the placenta 
resulting in chorioamniotitis. Maternal-fetal infection with S. typhi can lead to miscarriage, 
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fetal death, and neonatal infection [302, 304]. Patients in shock or with altered mental status 
may benefit from parenteral corticosteroid administration [305 306]. Supportive care often is 
required, including intravenous fluids and occasionally transfusion. Several vaccines are 
available and are effective in decreasing the risk of disease by 50-75% [307, 308] However, 
persons who have been vaccinated should still exercise dietary precautions. 

 
 

Intraamniotic Infection 
 
Intraamniotic infection (IAI) is a term used to describe a clinically diagnosed infection of 

the contents of the uterus, most often associated with rupture of membranes [309]. Most 
women with a clinically apparent IAI typically have histological evidence of 
chorioamnionitis but not all placentas with this finding come from women with IAI [310]. 
Although histological inflammation of the chorion and amnion is found in 20% of term and 
60% of preterm pregnancies, the clinical diagnosis of IAI is made in only 0.5% to 10.5% of 
pregnancies [311, 312]. Another term, microbial invasion of the amniotic fluid, describes a 
preclinical phase of amniotic fluid infection. The distinction between histological 
chorioamnionitis and IAI is important because the histological diagnosis cannot be made 
while the patient is pregnant, and to diagnose microbial invasion of the amniotic fluid 
requires amniocentesis [309].  

Risk factors for developing chorioamnionitis include preterm labor, prolonged active 
labor, prelabor rupture of membranes, rupture of membranes greater than 12 hours, and 
maternal chronic autoimmune disease [313]. The greatest risk for IAI occurs after rupture of 
the membranes. Although hematogenous spread is possible, pathogenic organisms more 
easily reach the amniotic cavity from the maternal vaginal tract once this barrier is breached. 
Bacterial access to the amniotic cavity by itself is not sufficient to produce an infectious 
process. The size of the inoculum, the pathogenicity of the organisms, and the susceptibility 
of the hosts (mother and fetus) affect the risk of IAI [314]. Factors that increase the exposure 
of the amniotic cavity to pathogenic bacteria from the vagina such as duration of ruptured 
membranes, transcervical instrumentation, vaginal examinations, and cerclage placement 
seem to further increase the risk of IAI [314, 315]. Intraamniotic infection has been described 
in some patients with intact membranes who undergo procedures such as amniocentesis and 
percutaneous umbilical blood sampling, however, these instances are rare [316 317]. Certain 
microorganisms, such as group B streptococcus, Listeria monocytogenes, fusobacterium, and 
group A streptococcus are implicated more frequently in IAI in spite of intact membranes. 
Other organisms that have been reported in association with IAI include Ureaplasma 
urealyticum, Candida sp, and Haemophilus influenzae. The most common high virulence 
isolates are Bacteroides species, group B streptococcus, and Escherichia coli [318, 319, 320, 
321].  

The diagnosis of IAI is typically made by clinical findings; which include maternal 
temperature, maternal and fetal tachycardia, uterine tenderness, or purulent amniotic fluid, in 
the absence of other signs of infection. In the majority of cases, an elevated maternal 
temperature may be the only symptom. Often, fetal heart rate changes (specifically 
tachycardia or variable decelerations) will accompany the diagnosis of chorioamnionitis 
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[313]. The accurate and timely diagnosis of IAI is important so that affected women may be 
treated without delay. Unfortunately, early diagnosis is difficult because clinical signs and 
symptoms of IAI occur late and are neither sensitive nor specific [322]. To avoid a delay in 
diagnosis, a high index of suspicion should be maintained. Patients with fever, and maternal 
or fetal tachycardia, especially in the presence of ruptured membranes, are likely to have IAI. 

Many serological and amniotic fluid assays have been studied to diagnose IAI: leukocyte 
esteraseY, glucose levels, Limulus amebocyte assay, gas-liquid chromotography, and 
interleukins, however, there is no reliable gold standard against which to measure any of the 
diagnostic tests [323, 324, 325, 326, 327]. Gram's stain, culture, and cell count are the most 
commonly used tests on the amniotic fluid. Maternal leukocytosis, although found frequently, 
must be interpreted cautiously if the patient is in labor. In a non-laboring patient with intact 
membranes and fever, but otherwise no signs of IAI, it is reasonable to perform an 
amniocentesis to help exclude intrauterine infection. The amniotic fluid can be sent for white 
cell count, Gram staining, and culture tests [318]. 

Antibiotics, when given to patients with preterm premature rupture of membranes, may 
decrease the frequency of IAI and prolong the interval between rupture of membranes and 
delivery in addition to lowering neonatal morbidity [328]. Since most infections seem to be 
polymicrobial a combined regimen effective against Gram-positive and Gram-negative 
organisms based on the local flora and resistance patterns is recommended [329, 328]. The 
most established treatment regimen is intravenous ampicillin, and gentamicin; penicillin has 
also been used with gentamicin. Other antibiotics used include cephalosporins, erythromycin, 
amoxicillin, and amoxicillin-clavulinic acid [330, 331, 332, 333, 334, 335]. Induction of 
labor usually is indicated if this has not begun spontaneously. If cesarean section is 
necessary, intravenous clindamycin or metronidazole should be added after cord clamping to 
improve the coverage of anaerobic organisms [309]. Cesarean section should be reserved for 
the usual obstetric indications; although operative delivery occurs in up to 40% of affected 
women. Due to greater tissue injury from cesarean section, antibiotic coverage should be 
continued until the patient has been afebrile and asymptomatic for 24 to 48 hours [309].  

Intraamniotic infection is a serious complication of pregnancy. It can lead to postpartum 
endometritis as well as systemic infection. Clinical and subclinical infections contribute to a 
sizeable proportion of preterm labor cases, neonatal sepsis and pneumonia [328, 312]. 
Antepartum antibiotics may decrease, but do not eliminate, the neonatal morbidity of IAI. 
The preterm fetus is most profoundly affected.  

For example, the incidence of respiratory distress is doubled and the mortality rate 
increased fourfold among 28- to 32-week infants whose mothers had preterm premature 
rupture of membranes, and in whom IAI developed [336]. Other studies have found a higher 
rate of neonatal mortality, intraventricular hemorrhage, meningitis, necrotizing enerocolitis, 
and respiratory distress syndrome associated with the condition [337]. There has been a 
growing belief that intrauterine infections may predispose to pediatric neurodevelopmental 
impairment, and cerebral palsy [338, 312]. 
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Appendicitis in Pregnancy 
 
Appendicitis is one of the most common causes of an acute abdomen in pregnancy, 

occurring in approximately 1 in 1500 pregnancies [339, 340]. This represents an overall 
incidence of 0.05% to 0.07%, and does not appear to be any different in the non-gravid 
population [341 342]. While the incidence of appendicitis may arise in any of the trimesters, 
there is a higher incidence in the second trimester, ranging from 27% to 60% [343, 341]. Due 
to the lack of specificity of the preoperative evaluation the pathologic diagnosis of 
appendicitis is confirmed in only 30% to 50% of cases [344]. Delay in diagnosis is associated 
with a higher rate of complications such as perforation, infection, preterm labor, and fetal or 
maternal loss [345, 343]. Appendicitis occurs at the same rate in pregnant and nonpregnant 
women, but pregnant women have a higher rate of perforation [339, 341, 345]. Maternal 
mortality may be upto 2%. An unruptured appendix carries a fetal loss of 1.5% to 9%, while 
this rate increases to 36% with perforation [340, 343]. The risk of perforation increases with 
gestational age, and perforation in the third trimester often results in preterm labor [341]. 
Delay in surgical intervention carries increased fetal loss. The risk for premature delivery is 
the greatest during the first week after surgery [346]. 

Upon physical examination, findings may be less evident than in non-pregnant women 
with the same disorder [347, 348]. Peritoneal signs are often absent in pregnancy because of 
the lifting and stretching of the anterior abdominal wall. The underlying inflammation has no 
direct contact with the parietal peritoneum, which precludes any muscular response or 
guarding that would otherwise be expected. The uterus can also obstruct and inhibit the 
movement of the omentum to an area of inflammation, distorting the clinical picture [349]. 
When evaluating laboratory investigations in the gravid patient with acute abdominal pain, it 
is important to note that there may be altered reference ranges in pregnancy. Leukocytosis 
and a diminished tendency to develop hypotension and tachycardia, which are physiologic in 
pregnancy, add complexity to the diagnosis and can make the initial evaluation process more 
difficult [350, 351]. Ultrasound is also used with graded compression as a diagnostic aid in 
appendicitis. The size of the gravid abdomen may limit this approach in pregnancy, however, 
some researchers have reported success [352, 353].  

Treatment of an acute abdomen in pregnancy depends on the specific diagnosis. 
Indications for emergency surgery during pregnancy are the same as they are for any other 
patients. If surgery is required but is considered elective, waiting until the postnatal period is 
prudent. If surgery is deemed necessary during pregnancy, it is best performed in the second 
trimester, as the risk of preterm labor and delivery is lower in the second trimester compared 
to the third, and the risk of spontaneous loss and risks due to medications such as anesthetic 
agents are lower in the second trimester compared to the first [354, 355, 356].Treatment of 
appendicitis is surgical; either laparotomy or laparoscopy can be performed depending on the 
surgeon’s skill and expertise. Laparoscopic appendectomy has become increasingly utilized 
in the gravid patient since its introduction and is considered by many to be the standard of 
care [357, 358, 359, 360, 361]. Several studies have shown that pregnant patients may 
undergo laparoscopic surgery safely during any trimester without any appreciated increased 
risk to the mother or fetus [362, 363, 364]. Laparoscopic appendectomy have been 
successfully performed even late in the third trimester [362, 365, 366]. No statistical 
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difference was found between open and laparoscopic appendectomy when compared for 
gestational duration, Apgar scores, and birth weights [367]. During surgery it is important to 
take precautions, ie., to tilt the operating table 30° to the patient's left to help bring the uterus 
away from the surgical site and to improve maternal venous return and cardiac output by 
avoiding mechanical compression of the great vessels. 

 
 

Acute Cholecystitis in Pregnancy 
 
Estimates of occurrence of acute cholecystitis vary widely. The case-to-delivery ratio 

varies between 1:1 130 and 1:12 890 [368, 369]. Asymptomatic gall bladder disease is more 
common, occurring in 3-4% of pregnant women. Chronic hemolytic conditions, such as 
sickle cell disease, increase the risk for gallstone formation. Initial treatment is supportive in 
nature. These include intravenous fluids, nasogastric suction, which may be necessary if 
vomiting has been significant, analgesia, and if symptoms persist or if systemic or local signs 
are prominent, broad-spectrum antibiotics [370, 371].  

The timing of surgery for acute cholecystitis is controversial. Some advocate surgery 
during pregnancy to avoid recurrent episodes and hospitalization [372]; others delay surgery 
until the postpartum period [373]. When a choice is available regarding the timing of surgery, 
operating in the second trimester minimizes fetal risk. Complications can occur, including 
empyema, perforation, pancreatitis, and failure to respond to medical management. With 
conservative management, 62-84% of patients can continue through delivery without surgery 
[370, 371, 369]. As with appendectomy in pregnancy, laparoscopic cholecystectomy is not 
contraindicated in pregnancy [362, 363, 364]. 

 
 

Meningitis in Pregnancy 
 
Bacterial meningitis has an annual incidence of 4–6 cases per 100 000 adults and results 

in approximately 135 000 deaths worldwide each year. Meningococcal disease is the most 
frequent cause of bacterial meningitis in infants, children, adolescents, and young adults in 
the United States. Of the approximately 2 800 cases of meningococcal disease in the United 
States each year, more than 60% are in individuals aged 11 years or older [374]. Since the 
development of the Haemophilus influenzae type B vaccine, the most common bacterial 
pathogen for community-acquired meningitis is Streptococcus pneumoniae, which has a 
fatality rate of 19% to 37% [375]. In patients who survive the initial insult, neurologic 
sequelae including seizures, hearing loss, impaired mental status and cognition may occur in 
as many as 30% of all cases [376].  

Local extension from contiguous extracerebral infection (e.g., otitis media, mastoiditis, 
or sinusitis) is a common source. Patients with bacterial meningitis will usually present soon 
after the onset of symptoms with a classic triad of fever, neck stiffness, and altered mental 
status. Prompt recognition and treatment are key to reducing the morbidity and mortality 
associated with this infection. Bacterial meningitis is a medical emergency in which early 
diagnosis and institution of treatment is vital to prevent death and to reduce long-term 



Complications of Infections in Pregnancy 45

complications. Lumbar puncture is used to confirm the diagnosis in patients presenting with 
clinically suspected meningitis; however, imaging should be completed initially in patients 
with new-onset seizures, an immunocompromised state, signs of possible mass lesion or 
altered level of consciousness. The choice of initial antimicrobial therapy is based on the 
most common bacteria causing the disease, the patient’s age, the clinical setting, and on 
patterns of antimicrobial susceptibility. Combination therapy with vancomycin plus a third-
generation cephalosporin, such as ceftriaxone or cefotaxime, has become the standard 
approach to empirical antimicrobial therapy [375]. Intravenous dexamethasone before or with 
the first dose of antibiotics has been shown to reduce the risk of death and neurologic 
disability in adults with pneumococcal meningitis [377].  

An extended interval between the onset of maternal illness and delivery provides an 
important window of time for maternal and neonatal well-being. Of women diagnosed with 
bacterial meningitis during pregnancy, the mortality rate could be upto 27%, and the rate of 
neurologic sequelae in survivors upto 53%. The fetal loss rate from spontaneous abortion, 
stillbirth, and neonatal death may be upto 47% [378]. Although pregnancy does result in a 
diminished immune response, there is no data to conclude that there is increased risk specific 
to S. pneumoniae [375]. In general, meningococcal disease has a high mortality of 10% to 
14%, with 11% to 19% of survivors left with long-term disabilities such as hearing loss, brain 
damage, cognitive impairment, renal failure, or limb amputations, most cases are potentially 
vaccine preventable [374].  

 
 

Listeria 
 
Listeria monocytogenes is a short, gram-positive rod that can occur singly or in short 

chains. The organism grows well at refrigerator temperatures (5°–10° C) and is a known 
food-borne pathogen. Listeria has also been recovered from a variety of foods including soft 
cheeses, raw milk, and processed meats. There are close to 2 000 cases of listeriosis which 
account for approximately 425 deaths each year [379, 380]. The infection usually occurs after 
ingestion of infected food products. The incubation period is between two and six weeks. 

The consequences of foodborne illness can be particularly devastating during pregnancy 
because both the woman and her fetus are at risk. Escalated production of progesterone 
during pregnancy leads to down-regulation of cell-mediated immune functions. Many 
foodborne pathogens are intracellular pathogens, and infections caused by these are 
controlled by cell-mediated immunity. The pregnancy-induced decrease in cell-mediated 
immune functions leads to increased susceptibility of the pregnant woman to L. 
monocytogenes [379]. In the United States, L. monocytogenes is one of the most important 
foodborne pathogens in pregnancy, and can lead to preterm labor, chorioamnionitis, 
spontaneous abortion, and stillbirth. It can be passed from an infected mother to her fetus 
through hematogenous spread, crossing the placenta and causing early and late onset disease 
in the neonate, with the most severe manifestation being granulomatosis infantiseptica, 
however, it does not cause habitual abortion in humans. [380].  

Signs and symptoms of Listeria include fever, chills, and back pain; a nonspecific flu-
like illness is the most common symptom. Other clinical manifestations include sepsis, 
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meningitis, rhomboencephalitis, brain abscess, endocarditis, acute gastrointestinal illness and 
a variety of focal infections [379]. Infection is diagnosed by culture from sterile body fluids 
such as blood, cerebrospinal fluid and amniotic fluid. The treatment of choice is ampicillin. 
The patient also should be treated with gentamicin if she has meningitis, endocarditis, or is 
severly immunocompromised [379]. Early treatment decreases mortality and residual 
morbidity so it is imperative that each clinician maintain a high index of suspicion for this 
unusual infection. 

 
 

Puerperal Fever 
 
Puerperal fever is defined in the International Classification of Diseases (ICD-10), as a 

“temperature rise above 38.0°C (100.4°F) maintained over 24 hours or recurring during the 
period from the end of the first to the end of the tenth day after childbirth or abortion” [381]. 
Alternatively, the United States Joint Commission on Maternal Welfare uses a standard 
definition for puerperal fever used for reporting puerperal morbidity as an “oral temperature 
of 38.0°C (100.4°F) or more on any 2 of the first 10 days postpartum” [382]. While puerperal 
infection is most commonly encountered within the first 2 weeks after delivery, the definition 
extends to 42 days postpartum [383]. Further, the World Health Organization (WHO) [384], 
defines puerperal sepsis as “infection of the genital tract occurring at any time between the 
onset of the rupture of membranes or labor and the 42nd day postpartum in which fever and 
one or more of the following are present: 

 
1) pelvic pain  
2) abnormal vaginal discharge  
3) abnormal odor of discharge and  
4) delay in the rate of reduction of size of the uterus.  
 
Some authors further differentiate between “puerperal sepsis,” which refers specifically 

to infection of the genital tract after delivery, and “puerperal pyrexia or fever” which 
encompasses all cases of significant pyrexia in the puerperium, and would include patients 
with puerperal sepsis, as well as those with other causes of pyrexia [385]. Overt infections 
can and do occur in the absence of these criteria, but fever of some degree remains the 
hallmark of puerperal infection, and the patient with fever can be assumed to have a genital 
infection until proven otherwise. Endometritis is the most frequent infective cause of 
puerperal fever. Other sources of postpartum infections include urinary tract infections, 
mastitis, post surgical wound infections, perineal cellulitis, respiratory infections, retained 
products of conception, and septic pelvic phlebitis [386]. Deaths related to puerperal 
infection are very rare in the developed world, however, the death ratio in developing 
countries may be 100 times higher [387]. Maternal mortality ratio due to puerperal infection 
is estimated to be around 3 maternal deaths for each 100 000 live births.  

The predisposing factors or conditions leading to the development of sepsis are quite 
varied and include home birth in unhygienic conditions, low socioeconomic status, poor 
nutrition, primiparity, anemia, prolonged rupture of membranes, prolonged labor, multiple 
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vaginal examinations in labor (more than 5), cesarean section, and obstetrical maneuvers. 
Maternal complications include septicemia, endotoxic shock, peritonitis, or abscess formation 
leading to surgery and compromised future fertility. Cesarean section is perhaps the greatest 
risk factor for postpartum endometritis, with a 20- to 30-fold relative risk compared with a 
vaginal delivery [388, 389, 390]. The modes of transmission of puerperal sepsis are typically 
categorized into nosocomial, exogenous, and endogenous factors. Nosocomial infections are 
acquired in hospitals or other health facilities and may come from the hospital environment or 
from the patient’s own flora [391]. Exogenous infections come from external contamination, 
especially when deliveries take place under unhygienic conditions. Most cases of 
endometritis are due to usual bacteria of the bowel, vagina, perineum, and cervix [392].  

 
 

Endometritis 
 
The uterine cavity is usually sterile until the rupture of the amniotic sac. As a 

consequence of labor, delivery, and associated manipulations, anaerobic and aerobic bacteria 
can contaminate the uterus. In severe cases of puerperal fever the infection is almost always 
caused by group A streptococci. Often, however, infections tend to be polymicrobial; the 
most common pathogens include gram-positive cocci (group B streptococci, Staphylococcus 
epidermidis, and Enterococcus sp), anaerobes (peptostreptococci, Bacteroides sp, and 
Prevotella sp), and gram-negative organisms (Gardnerella vaginalis, Escherichia coli, 
Klebsiella pneumoniae, and Proteus mirabilis) [393, 394, 395, 396, 397, 398].  

Endometritis usually develops on the second or third postpartum day. Fever and a soft, 
tender uterus are the most prominent signs. Also there is anorexia, malaise and headache. 
Abdominal tenderness is generally limited to the lower abdomen and does not lateralize. 
Bowel sounds may be decreased and the abdomen distended and tympanitic. Motion of the 
cervix and uterus may cause increased pain. Adnexal masses palpable on abdominal or pelvic 
examination are not seen in uncomplicated endometritis, but if these infections are not treated 
aggressively, the organisms may act synergistically to form complex abscesses or necrotizing 
infections. When the parametria are affected, pain and pyrexia are severe; the large, tender 
uterus is indurated at the base of the broad ligaments, extending to the pelvic walls or 
posterior cul-de-sac. Lochia may be decreased or profuse and malodorous. Leukocytosis, a 
shift to the left of the differential WBC, and markedly increased RBC sedimentation rate are 
typical of puerperal infections. In the absence of antibiotic treatment or in the more severe 
cases, puerperal infection may be complicated by chronic pelvic pain, pelvic inflammatory 
disease, and secondary infertility [399]. Also, the more severe cases are responsible for the 
high rates of mortality from sepsis especially in developing countries. 

A common treatment for postpartum endometritis involves the use of combination 
antimicrobial coverage, including an aminoglycoside for coverage of Gram-negative 
organisms and clindamycin phosphate for coverage of Gram-positive and anaerobic 
organisms [400]. Although regimens effective against penicillin-resistant anaerobic bacteria 
(a combination of gentamicin and clindamycin) are recommended in systematic reviews, 
other regimens and protocols are used.  
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Second or third-generation cephalosporins in combination with metronidazole is another 
widespread and popular choice [383, 401]. Pelvic abscess should be suspected in patients 
with persistent spiking fever despite antibiotic coverage; the treatment of choice then is 
surgical drainage. 

 
 

Puerperal Mastitis 
 
Lactation predisposes patients to mastitis. The presence of milk in the duct, combined 

with nipple cracking, creates a favorable environment for infection. The initiating event is 
milk stasis, and if a heavy bacterial inoculum is introduced into the duct system infectious 
mastitis may develop. Staphylococcus aureus is the most common causative agent in patients 
with puerperal mastitis. Other organisms less frequently isolated include group A and group 
B-hemolytic streptococci, Escherichia coli, and Bacteroides species. 

Puerperal mastitis tends to occur two to three weeks postpartum and is associated with 
fever and myalgia, presenting as a flu-like illness. The diagnosis is based on identification of 
a tender, erythematous, wedgeshaped area in the breast. Since milk stasis is often the 
initiating factor in mastitis, the most important management step is frequent and effective 
milk expression. This may be achieved either by breastfeeding more frequently, or expressing 
by hand or pump. Additional therapy for the treatment of mastitis includes local care such as 
ice-packs, analgesia and breast support, in addition to a penicillinase-resistant antibiotic. 
Breast-feeding should be continued unless an abscess develops. The treatment of a breast 
abscess requires incision and drainage. Mastitis should be distinguished from late 
engorgement caused by milk stasis, which can cause inflammation of the breast but is not 
associated with high fever or cracked nipples, and does not require antibiotic therapy [402].  

 
 

Episiotomy Infection 
 
In general, the more extensive the episiotomy, the greater the chances of infection and 

breakdown of the wound. Staphylococcus or Streptococcus species and gram-negative 
organisms, are the most common organisms associated with perineal cellulitis and episiotomy 
site infections. Patients with episiotomy infections have perineal pain, erythema, edema, 
tenderness, and a purulent discharge from the site. Inspection of the episiotomy site shows 
disruption of the wound and gaping of the incision. A necrotic membrane may cover the 
wound. Episiotomy infection is usually confined to the skin and surrounding subcutaneous 
tissue, and limited by Camper’s fascia.  

Extension of the infection should be suspected in patients with significant perineal pain, 
hip pain, or erythema and swelling beyond the episiotomy site. Pelvic examination may 
detect the presence of hematomas or abscesses. If no abscess or extension is suspected, Sitz 
baths are usually sufficient treatment. Deeper involvement to Colle’s and Scarpa’s fascia may 
result in necrotizing fasciitis [403]. If an abscess is suspected, CT scanning may be necessary 
to determine if the abscess is located in the retroperitoneal or gluteal muscle areas, as severe 
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infections may spread to the levator ani, lumbosacral nerve plexus, hip capsule, and 
retropsoas space [404, 405]. 

Treatment consists of exploration of the episiotomy, drainage and debridement. The 
wound is then allowed to heal secondarily; however, early closure of a clean wound may be 
attemped in order to maintain perineal integrity [406]. An open infected episiotomy should 
not be sutured. 

 
 

Cesarean Wound Infections 
 
Post-cesarean wound infections are usually detected in the immediate post-operative 

period. Swelling, edema, erythema, tenderness and drainage of purulent material from the 
wound are present. Treatment consists of local care; the wound is opened, cleaned and 
debrided. In wound infections following cesarean section, it may be packed with saline-
soaked gauze 2-3 times per day, which will help remove necrotic debris. The wound may be 
left open to heal, or it may be closed secondarily when granulation tissue has begun to form. 

 
 

Necrotic Fasciitis 
 
Necrotic fasciitis must be considered whenever infection of the fascia is suspected. This 

is a rare, life-threatening infection. The diagnosis of necrotic fasciitis can be made if the 
patient has a high fever resistant to antibiotics, with associated systemic toxicity and a hard, 
“woody” feel to the infected area. Necrotic fasciitis requires immediate aggressive treatment 
to reduce morbidity and mortality. Fundamental to the successful treatment of necrotic 
fasciitis is early diagnosis, early administration of broad-spectrum antibiotics, and urgent 
surgical debridement [407].  

 
 

Urinary Tract Infections 
 
Bacteriuria in the postpartum period is often asymptomatic, with only 21% of culture-

positive women reporting symptoms [408)]. Of all risk factors, urethral catheterization 
contributes most to the incidence of nosocomial urinary tract infections. Failure to treat a 
urinary tract infection in the postpartum period results in persistence of the bacteriuria in 
about 30% of cases. A 3-day course of antibiotics is usually sufficient to eradicate the 
infection in uncomplicated cases [408]. Acute pyelonephritis during the puerperium is a 
serious systemic illness that can progress to maternal sepsis. Parenteral antibiotic treatment of 
pyelonephritis is the same as in the pregnant state, and should be continued until the patient 
becomes afebrile. Most patients respond to hydration and prompt antibiotic treatment within 
24 to 48 hours. 
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Septic Pelvic Thrombophlebitis 
 
Septic pelvic thrombophlebitis is an uncommon cause of postpartum pyrexia, occurring 

in 1 in 2 000 deliveries. The incidence increases to 1% to 2% among women with post-
cesarean section endometritis [409]. Pelvic thrombophlebitis is more common after cesarean 
section than after vaginal delivery. The mechanism of action involves the presence of a 
hypercoagulable state and spread of infection from the myometrium to pelvic and ovarian 
veins.The patient often complains of flank and lower abdominal pain, typically described as 
non-colicky and constant, of variable intensity, and may radiate to the groin or upper 
abdomen. On physical examination, the patient usually does not appear toxic, there may be 
tenderness in the lower abdomen, and an occasional tender abdominal mass described as 
“rope-” or “sausage-shape” may rarely be identified. The diagnosis is suspected when a 
patient responds poorly to antibiotic treatment of endometritis and a mass is palpable on 
pelvic examination. In suspected cases, a trial of anticoagulation therapy with heparin may 
suggest the diagnosis, which is confirmed by CT of the pelvis or magnetic resonance imaging 
[410]. Frequently, the first sign is a pulmonary embolus. When thrombophlebitis is 
recognized early, the risk of pulmonary embolism can be greatly reduced with appropriate 
anticoagulant therapy [411].  

 
 

Miscellaneous 
 
An overview of the common infections and their complications have been outlined; the 

list is by no means complete. As with any patient with fever, in pregnancy, the possibility of 
other causes, such as viral infection, connective tissue disease, malignancy, or subacute 
bacterial endocarditis, should be considered if the course of illness is atypical or the patient is 
unresponsive to standard therapy. The principles of management in cases of puerperal 
infection include assessment of risk factors, a detailed history, a “head-to-toe” examination, 
appropriate laboratory and radiologic tests, and treatment of the cause [412].  

 
 

Vaccines in Pregnancy 
 
Routine vaccines that generally are safe to administer during pregnancy include 

diphtheria, tetanus, influenza, and hepatitis B. Other vaccines, such as meningococcal and 
rabies, may be considered. Vaccines that are contraindicated, because of the theoretic risk of 
fetal transmission, include measles, mumps, and rubella; varicella; and bacille Calmette-
Guérin. A number of other vaccines have not yet been adequately studied; therefore, theoretic 
risks of vaccination must be weighed against the risks of the disease to mother and fetus 
[413].  

The administration of vaccines during pregnancy poses a number of concerns to 
physicians and patients about the risk of transmitting a virus to a developing fetus. This risk 
is primarily theoretic. According to the CDC, if a live-virus vaccine is inadvertently given to 
a pregnant woman, or if a woman becomes pregnant within four weeks after vaccination, she 
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should be counseled about potential effects on the fetus. Inadvertent administration of these 
vaccines, however, is not considered an indication for termination of the pregnancy [414]. 

There is no evidence that there is an increased risk from vaccinating pregnant women 
with inactivated virus or bacterial vaccines or toxoids. Therefore, if a patient is at high risk of 
being exposed to a particular disease, if infection would pose a risk to the mother or fetus, 
and if the vaccine is unlikely to cause harm, the benefits of vaccinating a pregnant woman 
usually outweigh the potential risks [413]. Physicians should consider vaccinating pregnant 
women on the basis of the risks of vaccination versus the benefits of protection in each 
particular situation, regardless of whether live or inactivated vaccines are used. Vaccines 
commonly administered by family physicians, and their indication for use during pregnancy, 
are summarized in table 6. 

Women of childbearing age often are concerned about whether breastfeeding is safe 
during immunization. Physicians should reassure their patients that no vaccines are 
contraindicated during breastfeeding. 

The following vaccines are considered safe to give to women who may be at risk of 
infection [414]. 

 
• Hepatitis B - Pregnant women who are at high risk for this disease and have tested 

negative for the virus can receive this vaccine. It is used to protect the mother and 
baby against infection both before and after delivery.  

• Influenza -This vaccine can prevent serious illness in the mother during pregnancy, 
but should be received after the mother has been pregnant for more than 14 weeks. If 
you have a serious medical condition that can lead to flu-related complications, you 
can receive the vaccine at any stage of your pregnancy.  

• Tetanus/Diphtheria -This combination of vaccines are routinely recommended for 
pregnant women, both those who have never been immunized and those who have 
not received a booster in 10 years. 

 
Table 6. Immunizations during pregnancy Adapted from Guidelines for vaccinating 
pregnant women. Recommendations of the Advisory Committee on Immunization 

Practices (ACIP). Atlanta, Ga.: Centers for Disease Control and Prevention, 2002 [413] 
 
Considered safe if 
otherwise indicated  

Contraindicated during 
pregnancy or safety not 
established 

Special recommendations 
pertain  

Influenza  
BCG*  
Rubella*  
Hepatitis A  
Polio (IPV)  
Yellow fever* 

Tetanus and diphtheria toxoids  
Meningococcal  
Measles*  
Varicella* 
Japanese encephalitis  
Typhoid (parenteral and 
Ty21a*)  

Hepatitis B  
Rabies 
Mumps*  
Anthrax  
Pneumococcal  
Vaccinia*  

*--Live, attenuated vaccine. 
BCG = bacille Calmette-Guérin; IPV = inactivated polio virus.  
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Which Vaccines Should Pregnant Women Avoid 
 
The following vaccines can potentially be transmitted to the unborn child and may result 

in miscarriage, premature birth or birth defects [414] 
 
• Hepatitis A - The safety of this vaccine hasn’t been determined and it should be 

avoided during pregnancy. Women at high risk for exposure to this virus should 
discuss the risks and benefits with their doctors.  

• Measles, Mumps, Rubella (MMR) - Women should wait at least three months to 
become pregnant after receiving these live-virus vaccines. If the initial rubella test 
shows that you are rubella nonimmune, then you will be given the vaccine after 
delivery.  

• Varicella - This vaccine, used to prevent chicken pox, should be given at least one 
month before pregnancy.  

• Pneumococcal - Because the safety of this vaccine is unknown, it should be avoided 
in pregnancy except for women who are at high risk or have a chronic illness.  

• Oral Polio Vaccine (OPV) and Inactivated Polio Vaccine (IPV) - Neither the live- 
OPV nor the IPV version of this vaccine is recommended for pregnant women. Also, 
the risk of getting polio in the United States is very low.  

 
Side effects vary from none to those that can occur up to three weeks after vaccination. If 

you experience any severe side effects, be sure to tell your physician. 
 
• Hepatitis A - Soreness and redness at injection site, headache, fatigue, severe allergic 

reaction in very rare cases  
• Hepatitis B - Soreness at injection site, fever  
• Influenza - Redness and swelling at injection site that can last up to two days, fever  
• Tetanus/Diphtheria - Low-grade fever, soreness and swelling at injection site  
• Measles, Mumps, Rubella (MMR) - Non-contagious rash, swelling of neck glands 

and cheeks, pain and stiffness of joints one to two weeks after vaccination  
• Varicella - Fever, soreness or redness at injection site, rash or small bumps up to 

three weeks after vaccination  
• Pneumococcal - Fever, soreness at injection site  
• Oral Polio Vaccine (OPV) - None  
• Inactivated Polio Vaccine (IPV) - Redness, discomfort at injection site  
 
 

Diagnostic Imaging in Pregnancy 
 
Various imaging modalities are available for diagnostic aid during pregnancy; these 

include X-ray, ultrasonography, magnetic resonance imaging (MRI), and nuclear medicine 
studies. Of these, diagnostic X-ray is the most frequent cause of anxiety for both the 
physician and the patient. Much of this anxiety is attributed to a belief that any radiation 
exposure is harmful and will result in fetal anomalies or death [415]. According to the 
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American College of Radiology, no single diagnostic X-ray procedure results in radiation 
exposure to a degree that would threaten the well-being of the developing embryo or fetus 
[416]. Exposure to a single X-ray during pregnancy is not an indication for therapeutic 
abortion [417, 418]. 

 
 

X-Ray Exposure 
 
Maternal illness during pregnancy sometimes requires radiographic imaging for proper 

diagnosis and treatment, this may include imaging with ionizing radiation. Ionizing radiation 
(x-ray) is composed of high-energy photons that are capable of damaging DNA and 
generating caustic free radicals [418]. It can result in the following harmful effects: 1) cell 
death and teratogenic effects, 2) carcinogenesis, and 3) genetic effects or mutations in germ 
cells [417, 418]. Units traditionally used to measure the effects of X-ray include the rad and 
roentgen equivalents man (rem). Modern units include the gray (Gy) and sievert (Sv). 
Commonly during pregnancy, the uterus is shielded for non-pelvic procedures.  

Data from animal studies suggest that exposure to high-dose ionizing radiation, much 
greater than that used in diagnostic procedures, before implantation will most likely be lethal 
to the embryo [417]. Fetal risks of anomalies, growth restriction, or abortions are not 
increased with radiation exposure of less than 5 rad, a level above the range of exposure for 
diagnostic procedures [417]. Radiation exposure from computed tomography (CT) varies 
depending on the number and spacing of adjacent image sections. Although CT pelvimetry 
can result in fetal exposures as high as 1.5 rad, exposure can be reduced to approximately 250 
mrad by using a low-exposure technique [419]. Spiral (or helical) CT allows continuous 
scanning of the patient as the couch is moved through the scanner, providing superior speed 
and image quality. Under typical use with a pitch of 1 or greater, the radiation exposure to the 
fetus from spiral CT is comparable to conventional CT [420]. 

Numerous teratogenic effects have developed in animals exposed to large doses of 
radiation (ie, 100–200 rad). However, in humans, growth restriction, microcephaly, and 
mental retardation are the most common adverse effects from high-dose radiation [418, 421, 
422]. A linear, dose-related association between severe mental retardation and radiation was 
found, with the important caveat that most cases followed exposure during weeks 10 to 17 of 
gestation [418, 423, 424]. Until more data becomes available delineating potential fetal risk, 
it is best to delay non-urgent radiographs during the sensitive period of 10 to 17 weeks of 
gestation (eight to 15 weeks after conception).  

The risk of carcinogenesis as a result of in utero exposure to ionizing radiation is unclear. 
It is estimated that a 1–2 rad fetal exposure may increase the risk of leukemia by a factor of 
1.5–2.0 over natural incidence, and that an estimated 1 in 2 000 children exposed to ionizing 
radiation in utero will develop childhood leukemia. This is increased from a background rate 
of approximately 1 in 3 000 [417, 425]. Although radiation is commonly believed to give rise 
to mutations, data show that usually it merely increases the frequency of mutations occurring 
naturally in the general population [418]. It is believed that if 10 000 persons were exposed to 
1 rad, 10 to 40 new genetic mutations would be induced [426]. When a radiographic study is 
needed for appropriate management of a pregnant patient, the American College of 
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Radiology recommends that health care workers should tell patients that x-rays are safe and 
provide patients with a clear explanation of the benefits of x-ray examinations [427]. 

 
 

Ultrasonography 
 
Ultrasonography involves the use of sound waves and is not a form of ionizing radiation. 

Ultrasound has a demonstrated record of safety for more than 50 years of clinical use. To date 
there have been no reports of documented adverse fetal effects for diagnostic ultrasound 
procedures, including duplex Doppler imaging. There are no known contraindications to 
ultrasound procedures during pregnancy, and this modality has largely replaced X-ray as the 
primary method of fetal imaging during pregnancy. 

Although no independently replicated epidemiologic data exist to suggest harmful effects 
of ultrasonography in the fetus, ultrasonography is a form of energy with two main bioeffects 
in tissue: heat, a direct effect, and oscillatory movements, secondary to the alternating 
positive and negative pressure waves. These effects are inherent in the physical properties of 
ultrasonography and have not been shown to be harmful in humans [428]. The bioeffects of 
clinical ultrasound exams are approximated by the thermal index for heating and by the 
mechanical index for cavitation effects. Both are indices of exposure, but neither takes time 
into account.  

Thermal index predicts potential for temperature increase, not actual rise, and it remains 
unknown whether there is a threshold for temperature-related bioeffects. Mechanical index 
expresses potential to induce inertial cavitation. Mechanical effects are less likely in the 
fetus, because foci susceptible to cavitation (ie, containing gas) are not present [428]. 
Evidence in animals shows that exposure to diagnostic ultrasonography can produce 
significant temperature increases in the fetal brain near bone.  

The critical questions include whether the extent of ultrasound-induced temperature rise 
is sufficient to create a hazard and whether there is a threshold for hyperthermia-induced 
birth defects. In addition, the determination of possible neurophysiologic effects or responses 
to clinically relevant exposures is needed [429]. In a review of epidemiologic studies of 
human exposure to ultrasonography, there were no effects noted on childhood cancer, 
dyslexia, speech development, or congenital anomalies [430]. However, there is limited 
evidence that the frequent exposure of the human fetus to ultrasound waves may be 
associated with a nonsignificant decrease in newborn body weight, a reduction in the 
frequency of right-handedness, and delayed speech [431, 432. 433].  

 
 

Magnetic Resonance Imaging 
 
With MRI, magnets that alter the energy state of hydrogen protons are used instead of 

ionizing radiation [434]. Early studies using MRI in the evaluation of fetal morphology were 
hindered by fetal motion. Current software and hardware for MRI now allow performance of 
MR examinations with high-quality images obtained in less than 1 second. Fetal MRI using 
1.5-T magnets may be performed in any trimester [435]. However, due to limited data, MRI 
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in the first trimester is currently avoided whenever feasible. Even less is known about the 
safety of MRI with newer 3-T magnets, and even higher strength MRI systems [436]. When 
the fetus is imaged by MRI, it is exposed to a combination of three electromagnetic fields of 
varying strengths and frequencies: static magnetic fields, radiofrequency fields, and fast 
switching gradient fields.  

Overall, there is no indication that the use of clinical MR procedures during pregnancy 
produces adverse effects, but the safety of such procedures during pregnancy has not been 
proven or fully evaluated. [429]. 

 
 

Nuclear Medicine 
 
Nuclear studies such as pulmonary ventilation–perfusion, thyroid, bone, and renal scans 

are performed by “tagging” a chemical agent with a radioisotope. The fetal exposure depends 
on the physical and biochemical properties of the radioisotope [421]. Technetium Tc 99m is 
one of the most commonly used isotopes used for brain, bone, renal, and cardiovascular 
scans. In general, these procedures result in an embryonic or fetal exposure of less than 0.5 
rad [421, 437]. One of the more common nuclear medicine studies performed during 
pregnancy is the ventilation –perfusion scan for suspected pulmonary embolism. The amount 
of radiation to which the fetus is exposed in this procedure is small - approximately 50 mrad 
[438]. Studies have found that the mean fetal doses associated with helical CT were even 
lower than that employed in a ventilation–perfusion scan [439]. Radioactive iodine readily 
crosses the placenta and can adversely affect the fetal thyroid, especially if used after 10–12 
weeks of gestation. Radioactive isotopes of iodine used for treatment of hyperthyroidism are 
contraindicated during pregnancy, If a diagnostic scan of the thyroid is essential, 123I or 
Technetium Tc 99m should be used in place of 131I [438]. 

 
 

Guidelines 
 
The following guidelines for X-ray examination or exposure during pregnancy are 

suggested by ACOG [415]. 
 
1. Women should be counseled that X-ray exposure from a single diagnostic procedure 

specifically, exposure to less than 5 rad, has not been associated with an increase in 
fetal anomalies or pregnancy loss. 

2. Concern about possible effects of high-dose ionizing radiation exposure should not 
prevent medically indicated diagnostic X-ray procedures from being performed on a 
pregnant woman. However, other imaging procedures not associated with ionizing 
radiation (eg, ultrasonography, MRI) should be considered instead of X-rays when 
appropriate. 

3. Ultrasonography and MRI are not associated with known adverse fetal effects. 



Dushyant Maharaj 56 

4. Consultation with an expert in dosimetry calculation may be helpful in calculating 
estimated fetal dose when multiple diagnostic X-rays are performed on a pregnant 
patient. 

5. The use of radioactive isotopes of iodine is contraindicated for therapeutic use 
during pregnancy. 

6. Radiopaque and paramagnetic contrast agents are unlikely to cause harm and may be 
of diagnostic benefit, but these agents should be used during pregnancy only if the 
potential benefit outweighs the potential risk to the fetus. 

 
 

Conclusion 
 
Advances in screening, diagnostic evaluation, and treatment strategies of women with 

pregnancy-related infections have led to reductions in delay in diagnosis, and neonatal and 
maternal morbidity and mortality. Establishment of objective criteria for evaluating women 
who present with fever or other evidence of infection has been suggested as a means of 
improving care [440]. In all pregnant women, as in non-pregnant cases presenting with 
infections, there should be a complete history and physical examination. The examination 
should be “from head-to-toe”; with special note of the characteristics of the fever, maximum 
temperature, presence of diurnal variation, and recent travel. The challenge to the clinician is 
to select investigations with the highest sensitivity and specificity to increase the probability 
of a correct diagnosis. In cases of a fever in which the cause is unclear, a number of tests may 
be useful, depending on the history and physical examination findings. These tests include 
initial laboratory studies such as a complete blood count with a differential cell count, 
electrolytes, blood urea nitrogen and creatinine, glucose, calcium, urinalysis, urine cultures, 
liver function tests, and ESR. Other blood tests would include tests for human 
immunodeficiency virus (HIV), rapid plasma reagent (RPR), antistreptolysin-O (ASO) titer, 
rheumatoid arthritis (RA) factor, and antinuclear antibody (ANA), as well as acute and 
convalescent phase serology tests for various viruses. In addition bloods should be taken for 
culture, both aerobic and anaerobic, including thick smear of the blood to evaluate for 
parasites (e.g., malaria). Where appropriate, swabs such as nasal and throat, sputum, stool, or 
any body discharge should be taken for microscopy and culture. 

Diagnostic imaging such as a chest film, abdominal ultrasound, abdominal computed 
tomography (CT) may aid in select cases. If required, certain specific tests may be required to 
clinch the diagnosis, such as a tuberculin skin test for the diagnosis of tuberculosis, a lumbar 
puncture for cerebrospinal fliud analysis in suspected meningitis, an echocardiogram if there 
is suspicion of infective endocarditis or aortitis, tagged white cell scans may be used to 
localize an abscess, and a bone marrow biopsy may be indicated if leukemia or a 
myelodysplastic syndrome is suspected. Other biopsies if indicated may include the liver, 
bone marrow, lymph node, skin, muscle, or temporal artery. If antibiotics are used to treat 
infections in pregnancy it is important to remember that some are contraindicated in 
pregnancy (table 7). 
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Table 7. Antibiotics that can cause problems during pregnancy 
 

Antibiotic Problem 
Chloramphenicol 
 
 
 
 
Ciprofloxacin 
 
Kanamycin, Streptomycin Gentamycin 
 
Nitrofurantoin 
 
 
Sulfonamides 
 
 
 
Tetracycline 

Gray baby syndrome 
In women or fetuses with glucose-6-phosphate 
dehydrogenase (G6PD) deficiency, the breakdown of 
red blood cells 
 
Possibility of joint abnormalities (seen only in animals) 
 
Damage to fetal ear, resulting in deafness 
 
In women or fetuses with G6PD deficiency, the 
breakdown of red blood cells 
 
Jaundice, and possibly brain damage in the newborn 
(much less with sulfasalazine). 
In women or fetuses with G6PD deficiency, the 
breakdown of red blood cells 
 
Deposit on bone causing reduced bone growth in fetus. 
Permanent yellowing of teeth, and increasing 
susceptibility to cavities in children. 
Occasionally, liver failure in pregnant women. 
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Abstract 
 

Recurrent late abortions and early prematurity continue to be two of the main 
problems of modern obstetrics and perinatal medicine which remain to be fully solved. 
The patients concerned often suffer increasingly. 

Ascending genital infection is the main preventable cause for late abortions or early 
premature births. In recurrent cases, the Early Total Cervix Occlusion (ETCO) is an early 
preventive measure particularly for women with a history of ≥ 2 late abortions or early 
premature births (< 32+0 weeks gestation). The operative technique, our own results, and 
results from a multi-center-enquiry undertaken in Germany are subjects of our present 
discussion. In both evaluations, the women within this high risk group had a surviving 
infant in about 70% of cases after a Total Cervix Occlusion (TCO). Differentiated 
according to „early“ TCO (ETCO) and „late“ TCO, the success rate has been 80% and 
40% respectively. 

Cerclage is still a frequently employed measure in cases with recurrent preterm 
births, but it has increasingly become the subject of controversy. ETCO is quite different 
from cerclage. The cerclage only tightens the canal. Whereas ETCO really closes the 
cervical canal: After the epithelium of the lower cervical canal and of the lower portio 
has been removed these parts are sutured. This allows the lower cervix to heal up and 
close totally. This is a complete barrier which thus prevents ascension of organisms The 
much poorer results inevitably achieved by cerclage are compared with the results of 
ETCO. In our sample of women treated with ETCO we found that, in 51 previous 
pregnancies in which cerclage was performed, only 13 infants survived. This is a survival 
rate of only 26% (as compared to a survival rate of 80% with ETCO). 
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ETCO was developed by us in 1981 in Germany and is widespread in Germany and 
also used in other German-speaking countries, but it is still rarely performed on an 
international level. This might partly be due to the fact that randomized studies with 
ETCO have up to now never been performed. But—considering the excellent results of 
ETCO—performing such a study now in Germany would raise serious ethical issues. 

Another possible indication for the future may be in the area of multiple 
pregnancies: With ETCO, generally performed in multiple pregnancies, Schulze [40] was 
able to achieve a prematurity rate of only 17% as against a rate of 29% in cases without 
ETCO. In the group of infants at very high risk (< 28 weeks gestation), the rate with 
ETCO was 1% as opposed to 4% without.  

More information on: http://www.saling-institut.de/eng/04infoph/04tmv.html. 
 
 

Introduction 
 
Recurrent late abortions and early prematurity continue to be two of the main problems 

of modern obstetrics and perinatal medicine which remain to be solved. The patients 
concerned often suffer considerably: On the one hand they deeply long for an infant but, on 
the other, they experience recurrent losses, which are often accompanied by increasing 
psychological problems. To help such patients successfully is a particularly important task, 
from both medical and psychological points of view. 

 
 

Infection as Cause for Late Abortion and 
Prematurity 

 
Ascending genital infection is the main preventable cause for late abortions and early 

premature births (≤ 32+0 weeks gestation). The first convincing and direct confirmation of 
the ascension infection genesis was found at the beginning of the 1980s when the operative 
Early Total Cervix Occlusion (ETCO) was introduced for patients with recurrent late 
abortions [1]. ETCO creates a complete barrier within the ascension area (see below), and 
leads to remarkably good results.  

Back in 1991 [2, 3] we were able to find concrete signs of an infection in about three 
quarters of those infants with a birth weight of less than 2000g. 

Fundamental biochemical studies later performed by Romero et al. [4] led to a great leap 
forward in understanding the mechanisms by which infections lead to premature birth. For a 
review of current developments in this area we recommend studying the publication by 
Romero et al. [5] and our contribution in chapter 6 in this volume.  

According to microbiological studies, infection may account for 25–40% of preterm 
births, but this may be a conservative estimate, because—as Romero et al. [5] point out—
infection is difficult to detect due to the limitations of standard microbiological techniques. 

Another interesting finding supporting the ascension hypothesis is that, in twin gestations 
in which a microbial invasion of the amniotic cavity (MIAC) is detected, the presenting sac is 
frequently involved, whilst the other amniotic cavity may not have MIAC [6]. 
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Other infections, particularly of the urinary tract, may also lead to premature births. A lot 
of research has been done in the last decades in order to try to prevent infection-related 
premature births, and some success has been achieved, e.g. in many countries, screening for 
urinary tract infection is now a standard component of prenatal care, and many physicians 
also screen for vaginal infections.  

Our prematurity-prevention program, also discussed in this volume (see chapter 6), 
focuses on the early detection of disorders within the vaginal environment or already 
manifest vaginal infections. For some women, however, these screening measures seem not 
to be sufficient. Possible causes and operative solutions are discussed below. 

 
 

Recurrence Risk of Premature Births 
 
Reviewing the literature, it is rather difficult to estimate the recurrence risk of preterm 

birth, as the studies vary considerably particularly with regard to: 
 
• sample population, 
• inclusion/exclusion of special cases, such as multiple pregnancies, stillbirths or late 

abortions, 
• whether the study distinguished between indicated or spontaneous premature birth, 
• whether or not the gestational age was considered as well. 
 
Therefore we only want to make some general remarks: once a patient has had one 

preterm birth the risk of a recurrent preterm birth is increased [7, 8, 9]. Both late miscarriages 
and premature births in the patient history increase the risk of preterm birth in the next 
pregnancy. For example, Künzel [10] analyzed the data of single pregnancies in the Hessian 
perinatal inquiry (n=150,591) and found that: 

 
• one prior miscarriage increases the risk of a premature birth twofold, 
• two prior miscarriages increases the risk of a premature birth 6.2 fold, 
• one prior premature birth increases the risk of another premature birth 15.6 fold. 
 
The risk increases even more with the next preterm birth (see table 1). But it also 

depends on whether or not the preterm birth has been induced or whether it occurred 
spontaneously [11], or whether and when there had been a term birth in the patient history 
and also on the gestational week of the previous preterm birth (some studies suggest that the 
risk of recurrence is higher the earlier the preterm birth has been). Also, in some studies 
additional comparisons between the historical findings and the current pregnancy, such as 
sonographically measured cervix length and markers of inflammation have been made, such 
as IL-8 and fetal fibronectine [8, 12, 13]. Just to give a general impression, we will show in 
table 1 some results from McManemy et al. [14]. 
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Table 1. Recurrence risk of preterm birth (after McManemy et al. [14]).  
Sample population: 19,763 women from the Missouri maternally linked cohort 

who delivered 3 consecutive singleton live births. Multiple pregnancies, 
births before 20 gw and stillbirths had been excluded. 

Average rate of premature births in the US was 12.1 % (1993) 
 

 Prior two deliveries 
 Preterm/Preterm Term/Preterm Preterm/Term Term/Term 
Prematurity Risk 42% 21% 13% 5% 
                                           

Prior two preterm deliveries (Very = 21-31 weeks; Moderate = 32-36 weeks) 
 Very/Very Moderate/Very Very/Moderat Moderate/Mode

rate 
Prematurity Risk 57% 50% 40% 38% 
 
 

The Terms “Cervical Incompetence” and  
“Cervical Insufficiency” 

 
Gream used the term “cervical incompetence“ for the first time in 1865 [15]. Romero and 

others suggested the term “cervical insufficiency” in order “to avoid the negative connotation 
that the term ‘incompetence’ implies to patients.” [16]. Similarly, in Germany the term 
“Zervixverschlussinsuffizienz” (insufficiency of the cervical closure) is mostly used.  

Despite the long history of the term, there is still no common definition, nor are there 
objective diagnostic criteria, for a review see: [16, 17]. Examples of definitions are: “the 
inability of the uterine cervix to retain a pregnancy in the absence of contractions or labor” 
[18] or, in the case of “Zervixverschlussinsuffizienz”, “ … the incompetence of the cervix to 
retain a intrauterine pregnancy until the period of due date. According to the textbook, it is 
characterized by a painless opening and shortening of the cervix uteri between 16 and 28 
weeks of gestation.” ([17], p. 727, translated by us). 

Some authors suggest considering cervical sufficiency and insufficiency as a continuum 
(for a review see Romero et al. [16]). They also suggest considering “cervical insufficiency” 
as a syndrome. They list as reasons for cervical ripening in the mid-trimester: 

 
1. the loss of connective tissue after a cervical operation such as conization 
2. a congenital disorder such as cervical hypoplasia after diethylstilbestrol (DES) 

exposure 
3. intrauterine infection 
4. a suspension of progesterone action. 
 
Of these reasons intrauterine infection is particularly relevant. According to Romero et 

al. [19], among women corresponding to the clinical picture of cervical insufficiency, the 
frequency of microbial invasion of the amniotic cavity is as high as 51% (please also 
compare chapter 6 in this volume). 
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Reasons for Operation: According to Vetter and Kilavuz [17] the reasons for performing 
operations at the cervix may roughly be divided into: 

 
1. A mechanical incompetence of the cervix tissue which leads to a premature opening 

of the cervix. This is cervical incompetence or cervical insufficiency in the classical 
sense and is rather rare. Examples for diseases with these tissue changes are Marfan 
syndrome or Ehlers-Danlos Syndrome. 

2. A functional disturbance of the closing system of the cervix, brought about for 
example by a smaller functional length, the lack of, or dysfunctional, cervical mucus, 
or after a lesion of the cervix. These may allow infections to ascend which then may 
be the basis for late abortions or premature births. 

 
According to Vetter and Kilavuz, a cerclage is regarded as a solution for mechanical 

incompetence, whereas, for functional disturbance, (Early) Total Cervix Occlusion is 
recommended (the latter applies to date only to German speaking countries). But neither of 
the operations can prevent cervical changes due to labor. 

 
 

Cerclage 
 

History 
 
Cervical cerclage was introduced in 1955 by Shirodkar and was first performed on 

women who had had at least 4 abortions or was confined to women in whom he could prove 
the existence of weakness of the internal os by ‘‘repeated internal examinations’’ [ 20]. 
McDonald [21] suggested a simplification, and there now exist a variety of modifications. 
During the last 50 years cerclage has been used in circumstances different from those 
originally intended, (eg, prevention of preterm birth after only one late abortion or preterm 
birth in the history or in women with a sonographically short cervix) and there is a lot of 
discussion about the efficacy of the more recently used indications. The last decade in 
particular has seen a decrease in the usage of cerclage [17]. 

 
 

Indications and Results 
 
In contrast to “the early days” of cerclage, a cerclage is performed today either 
 
• prophylactically and electively, according to the history of the patient or due to 

findings within the present pregnancy, or 
• therapeutically, in cases with significant opening or shortening of the cervix. 
 
Although cerclage has been performed quite frequently, it has increasingly become a 

subject of controversy. Harger [22] and the ACOG practice bulletin [18] give good overviews 
with regard to current recommendations. In the last decades, several randomized and 
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controlled trials as well as meta-analyses have been performed (some examples are listed in 
table 2). 

Randomized studies with cerclage have not proven to be of benefit for women with low 
risk of preterm delivery (by history) [24]. The effectiveness in women with high risk 
pregnancies is uncertain. For example, Rush [26] could not find any significant difference. 
The MRC/RCOG final report on cerclage [27] did find a significant difference only in one of 
6 subgroups, namely with regard to births under 33 weeks gestation in the subgroup of 
women with 3 or more second trimester miscarriages or preterm births in the history. 

 
Table 2. Meta-analyses with regard to cervical cerclage 

 
Meta-analyses No. of included randomized 

trials and objectives 
Conclusion 

Odibo et al. 
2003 [23] 

6 trials. Objective: To 
review the evidence on the 
use of cerclage to prevent 
preterm birth compared with 
expectant management. 

Trend that cerclage prevents delivery 
before 34 weeks gestation, but not 
significantly. No improvement of 
neonatal mortality, but an increased risk 
of postpartum fever. 

Drakely et al. 
2003 [24] 

6 trials. Objective: To 
estimate the effectiveness of 
prophylactic and therapeutic 
cerclage  

The effectiveness of prophylactic 
cerclage in women at low and medium 
risk for second trimester pregnancy loss 
has not been proven. The role of cerclage 
in women whose ultrasound reveals short 
cervix remains uncertain. 

Belej-Rak et 
al. 2003 [25] 

6 trials. Objective: 
Effectiveness of cerclage for 
a shortened cervix on 
transvaginal ultrasound 
scanning. 

The available evidence does not support 
cerclage for sonographically detected 
short cervix. 

 
More current research tried to identify women who might benefit from cerclage by 

monitoring the cervical length and performing a cerclage only when the cervix is shortened 
or shortening. Although initial studies had been promising [28, 29] more recent studies do not 
support this [30, 25]. Hassan et al. [31] could even show in a retrospective cohort study, that, 
in patients with a shortened cervix (≤ 15 mm), cervical cerclage did not only not reduce the 
rate of preterm delivery but it did increase the risk of preterm rupture of membranes. Obido et 
al. [32] compared Shirodkar versus McDonald cerclage in women with a short cervix and 
found no significant difference in the prevention of preterm delivery.  

In conclusion: For women with low risk, cerclage does not appear to be indicated, but 
with regard to women at high risk (by history), the situation is not quite clear. Romero et al. 
conclude in their review: “The role of prophylactic cerclage in high-risk patients without a 
sonographic short cervix for the prevention of preterm delivery/mid-trimester abortion (by 
history) is unclear. While the largest trial conducted before the introduction of ultrasound 
evaluation of the cervix suggested a modest beneficial effect, other trials and systematic 
reviews before the use of ultrasound have indicated that the evidence of effectiveness is 
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either weak or nonexistent.” and further: “… patients with the clinical presentation of ‘acute 
cervical insufficiency’ and those with a previous history consistent with ‘cervical 
insufficiency’ and progressive shortening of the cervix demonstrated with ultrasound may 
benefit from cerclage placement. However, these conclusions are based on the results of one 
randomized clinical trial each.” (Romero et al. [16], page 3). 

When considering the possible benefits of cerclage, one has also to consider the possible 
complications, which are various: for example (besides the general risk of anesthesia), 
premature labor, rupture of membranes or placental abruption, local infections, infections of 
the amnion, lesions of the cervix, fistulas and even ruptures of the uterus [17]. 

Romero et al. [16] discuss a combination of cervical ultrasound and markers of 
endocervical inflammation (for example IL-8) to identify patients who may benefit from a 
cerclage. Referring to the results of Sakai et al. [33, 34], they suggest that 

 
• patients with an elevated concentration of IL-8 and a short cervix (< 25 mm) may not 

benefit from cerclage, because they may have already an inflammation. In contrast, 
• patients with a history of a preterm birth, a sonographically short cervix and an IL-8-

levels of less than 360 ng/mL may benefit from cerclage [16].  
 
Much more research seems to be necessary to identify women who may actually benefit 

from cerclage. Although we share the opinion (a) as stated by Romero et al, we would, 
however, rather recommend an ETCO for the cases described in (b), as it provides both some 
mechanical support for the cervix as well as preventing the ascension of microbes (see 
below). 
 

 
ETCO 

 
History 

 
We introduced the Early Total Cervix Occlusion (ETCO) in 1981 [1]. Before that time 

there were very few publications in the literature about occlusions of the cervix1. Apart from 
this, the occlusion had been performed almost entirely in cases of threatened abortions, and 
always when an advanced stage in the abortion process had been reached. At that time the 
cervix occlusion was an emergency measure, particularly in cases with protruding 
membranes. In Germany, Szendi [36, 35] published in 1961 two articles on the subject 
prevention of advanced miscarriages and abortion through total cervix occlusion. In the USA, 
Baden and Baden [38] performed tracheloplasty in some cases with recurrent late abortions 
and dilatation of the cervix despite non-surgical therapy. Although they removed some of the 
cervix surface and then made the sutures, their occlusion was not complete, as they 

                                                 
1 Also, some of theses reports are not complete occlusions in the strict sense. For example Hall [37] published the 

case report of an occlusive trachelorrhaphy in the case of women with amputed cervix and recurrent abortions. 
He used mattress sutures to occlude the cervix, but he did not remove the epithelium (which is important to 
allow the os uteri to grow completely together). Therefore we would rather classify this measure as a “tight” 
form of cerclage. 
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intentionally left open one small canal or, on occasion, two canals in the case of a “bridge” 
tracheloplasty.  

 
 

ETCO as Preventive Measure 
 
Our goal was completely different. We introduced the cervix occlusion as a preventive 

measure to prevent premature labor. The total cervix occlusion creates a complete barrier 
against ascending infections within the cervical canal und is as such, from our point of view, 
the most effective measure for preventing repeated late abortions and premature births. 
ETCO should be performed when: 

 
• women have a poor past history (see below) 
• the pregnancy is not advanced (at about 12 weeks gestation) 
• the cervix is still in an anatomically undisturbed condition. 
 
ETCO is quite different from cerclage (and in principle also from the occasionally used 

pessary). The cerclage only tightens the canal and leads to much poorer results (see below). 
ETCO on the other hand really closes the cervical canal: After the epithelium of the lower 
cervical canal and of the lower portio had been removed these parts are sutured. This allows 
the lower cervix to heal up and close totally. This is a total barrier which thus prevents 
ascension of organisms (Figure 1). 

 

 

Figure 1. Early Total Cervix Occlusion (ETCO) versus Cerclage or pessary. ETCO = Early Total 
Cervix Occlusion (“early” means: operation performed at < 16+0 weeks gestation and before anatomic 
changes at the cervix are detectable); 1) “Extensive” ETCO; 2) “Small” ETCO. 
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All three measures provide some mechanical support for the cervix. In the case of ETCO 
this support is due to scars that develop as a result of the circular intracervical stitches and 
also of the two transverse rows of sutures in the region of the external os uteri. ETCO 
therefore has a double benefit, whereas cerclage and pessary mainly give mechanical support. 

 
Definitions 

 
With regard to the Total Cervix Occlusion (TCO) we differentiate between “early” and 

“late” and between ”small” and ”extensive” (table 3). Because the results in the prevention of 
prematurity are much better (see below) we recommend performing the TCO ”early” (ETCO) 
rather than ”late” (LTCO). 

 
Table 3. Definitions with regard to Total Cervix Occlusion (TCO) 

 

Description Definition, resp. performance  

Early Total Cervix Occlusion 
(ETCO) 

performed at < 16+0 weeks and 
with an almost normal anatomical state of the portio: 

• no critical sonographic cervix finding* or 
• modified** Bishop score of ≤ 4) 

Late Total Cervix Occlusion 
(LTCO) 

performed at ≥16+0 weeks or critical state of the portio 
diagnosed sonographically*:  

• cervix length <30 mm  
• funneling of the isthmical part  
• prolapse of amniotic sac  

or, if sonography is not available: diagnosed by palpation  
modified** Bishop score of > 4 (s. table 4).  

Extensive TCO After removing both the glandular epithelium in the lower 
cervical canal and the epithelium of the lower portio, the 
cervix is closed by 2-3 circular internal sutures followed 
by 2 transverse rows of knotted stitches to close and adapt 
the surface of the portio (see figure 1, bracket 1) For most 
cases we recommend an extensive occlusion. Best is the 
Early Total Cervix Occlusion (ETCO), or, if this is not 
possible anymore, the late TCO. 

Small TCO Only the cervical canal is closed after removing the 
glandular epithelium by 2-3 circular sutures (see figure 1, 
bracket 2). 

*The sonographic measurement of the cervical length is more reliable than the assessment 
using the Bishop score and is therefore the method of choice. 
**Saling and Schumacher [39], see table 4 
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Table 4. Modified Bishop Score according to Saling [39] (nowadays recommendable 
only at places, where ultrasonography is not available) 

 

Length of the portio Points 

3 cm (Portio intact) 0 

2 cm (partially effaced) 1 

1 cm (considerably effaced) 2 

0 cm (completely effaced) 3 

Consistency of the portio  

Hard 0 

Medium 1 

Soft 3 

External os uteri   

Closed 0 

Open for finger tip 1 

Accessible for the finger 2 

Opened for ≥ 2 cm 3 
 
 

Indications and Contraindication 
 
1. Indications for an ETCO are : 
 

• two or more late abortions ( ≥ 12+0 weeks gestation) 
• or two or more early premature births (<32+0 weeks gestation) 
• or one late abortion and one early premature birth 
 
in the patient’s history with 
 
• either infection as cause for these events 
• or when no other cause has been found, but when for instance PROM occurred. 

Please note that the main reason for premature rupture of the membranes is 
ascending vaginal infection. 

 
2. Up to now no study is available to indicate whether, in cases with only one previous 

late abortion or early premature birth, consistent screening for vaginal infection (see 
chapter 6) will lead to similar good results as ETCO. Therefore, in some cases, one 
might consider an ETCO even after only one late abortion or premature birth, 
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particularly when additional risks exist, for instance, when the patient is older or 
when there had been problems with fertility. In these cases a ”small” occlusion of 
the cervix (see table 3 and figure 1) may be sufficient. 

3. In multiple pregnancies Schulze [40] was able to achieve a clear reduction in the 
number of premature births (see below) by performing an ETCO as a general 
preventive measure, even when there were no historical risks. When considering the 
existing data, it is perhaps too early to recommend that ETCO be performed 
generally in all multiple pregnancies before equally good results have been 
confirmed by other studies. Nevertheless, in multiple pregnancies and when 
additional risks factors are present (e.g. after In-vitro fertilisation, or in a pregnant 
woman nearing the end of her possible reproductive time), we are of the opinion that 
the possibility of performing an ETCO should certainly be taken into consideration. 

 
A contraindication is dilatation of the cervix with apparent signs of infection and labor 

activity which cannot be inhibited. 
 
 

Preoperative Diagnostics and Measures 
 

Choice of Clinical Department and Informing the Patient 
 
Although ETCO is now quite widespread in Germany and also performed in Switzerland 

and Austria, it is still not a standard operation. The operation is not especially difficult to 
perform (see below) but we nonetheless recommend choosing a clinical department with 
experience in this procedure. Also, the patient should be informed accordingly, and she 
should also be informed that, for patients with otherwise poor chances of bearing a live child 
ETCO offers very good chances (80-88 %)—but is no guarantee for success. 

 
 

Screening for Infections and Pap-Test 
 
If the last Pap-test dates back a longer period, it is recommended to perform one before 

admission to the hospital, as the portio surface will partially be removed and then, after the 
occlusion, the concerning area is covered for a longer period. 

Examinations for infections are compulsory: for example vaginal, cervical and urethral 
smears with microscopic and/or bacteriologic examinations. Furthermore, should 
pathological findings be present—such as bacterial vaginosis, candida, Trichomonas or 
Chlamydia infection, the patient should be given an appropriate local or a systemic therapy. 
Furthermore it is recommended to perform an egg-pole lavage (see below) directly before the 
operation (right on the operating table). 
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Pre-Operative Disinfection 
 
2 to 3 days before the operation a pre-operative disinfection or germ-reducing vaginal 

therapy should be performed by means of: 
 
• one Hexetidine vaginal tablet e.g. VagiHex® taken twice daily or 
• a twice daily intravaginal application of Octenidine-2HCL solution for local 

antiseptic treatment.  
 
It is advisable to continue the disinfection measures for 2-3 days after the operation. 

After this has finished a Lactobacillus acidophilus preparation should be administered for 
several days to help rebuild the normal vaginal flora. 

 
 
Egg-Pole Lavage (EPL, Isthmical Lavage) as 

Immediate Preoperative Diagnostic 
 
After an ETCO has been performed there is no further chance to examine whether any 

organisms may already have ascended to the intrauterine space. Therefore we recommend 
performing a so-called egg-pole lavage (isthmical lavage, this means a lavage of the lower 
uterine extra-amniotic space) directly before the operative occlusion of the cervix. We 
introduced the EPL in 1992 [42] and reported on the first experiences [41]. 

With this method, by which fluid is obtained from the lower egg-pole and 
bacteriologically examined, important information can be obtained without the necessity of 
having to do a more invasive amniocentesis. If necessary the appropriate antibiotics can be 
administered. The egg-pole lavage is explained in detail on www.saling-institute.org at the 
site for professionals/Early Total Cervix Occlusion. In departments where the egg-pole 
lavage is not performed, they often applicate broad-band antibiotics around the time of the 
operation as a preventive measure. We are not in favor of this, because this might lead 
unnecessarily to antibiotic resistance and because of other side effects of antibiotics. Whereas 
taking samples for culture via an egg-pole lavage allows specific antibiotic therapy and only 
when necessary. 

 
 

Operation Technique 
 
Before starting the operative occlusion, we highly recommend that the portio should be 

tied off as high as possible to prevent bleeding, in such a way that there is a nearly complete 
stoppage of the circulation. This measure has two distinctive advantages: 

 
• The blood loss, which in pregnant patients can be considerable, due to the intense 

vascularisation, can be reduced to a minimum and 
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• the visibility during the operation and later when the wound is being stitched is much 
better than if continuous, diffuse bleeding had occurred. 

 
We have developed a special loop instrument for this purpose [43], see figures 2 and 3 
 
 

Ligature with the loop instrument 
 
There is a ratchet on the loop instrument [43] on the traction stick with a blocking spring 

(Figure 3). This allows the stainless steel braided wire loop (Figure 2), to be attached in a 
circle around the portio and to be fixed up in a tightened state. We always try to clamp the 
loop so tightly that only minimal bleeding remains. 

 
This is a sign that the tissue circulation is not completely interrupted. When the 

hemostasis has to be suspended at the end of the operation, the traction stick is turned about 
90°. The blocking spring slides out of the traction and the loop is set free. The loop 
instrument can be obtained from Willi Falk KG, Berlin (info@faromed.de). 

 

 

Figure 2. Loop instrument to reduce bleeding: Loop demonstrated on two fingers. 
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Figure 3. Loop instrument to reduce bleeding: blocking device. 

 
Removal of the epithelium 

 
In order to allow the lower part of the cervix to grow completely together, the upper 

surface of the portio (about 1.5 cm around the external os) has to be dissected, that is to say, 
the epithelium has to be removed completely. It is essential to remove this epithelium, 
because otherwise the portio tissue will not grow together. And the better the portio tissue 
grows together in such critical cases - namely when the portio remains completely occluded 
right until near term - the better are the chances that a good result can be achieved.  

It used to be the case that the epithelium was removed from the portio surface by sharp 
dissection with a scalpel.  

In the meantime a better method has been introduced: by smoothing down the surface of 
the portio with a high-speed rotating simple sterile wire brush (see Figure 4), as is used in 
dermatology to smooth out scars. 

Possible is also a special metal rasp (see Figure 5). With this method only the superficial 
layer of the epithelium is gently removed and therefore the tissue is given a considerably 
better and more certain chance of regeneration. 

So as to clearly mark the surface to be removed, but also to find the exact positioning of 
the wounded area later for the row of stitches adapting the upper surface of the portio, we 
make a circular incision with a scalpel one millimeter deep with a radius of 10 - 15 mm round 
the external os uteri (Figure 6). 

Then we remove the portio epithelium with the fast rotating wire brush or the special 
metal rasp. This wire brush is powered by a small battery-operated electric engine over a 
flexible wavelength. A high-speed rotating instrument powered by compressed air (for 
example from Aesculap Co.) can also be used. 
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Figure 4. Rotating brush. 

 

Figure 5. Rotating metal rasp. 
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Figure 6. Marking by a circular incision. 

This has the advantage that the patient is never connected to any electric source. 
However, this equipment is more expensive to obtain. Afterwards, the glandular epithelium 
of the cervical canal is also removed, as far as possible about 1 to 2 cm above the external os 
using the same rotating device, whilst the os uteri is spread using mosquito clamps (Figure 7). 

 

 

Figure 7. Removal of the glandular epithelium in the lower cervical canal. 
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Stitching Techniques 
 
The stitching technique is shown in Figure 8. After the removal of the epithelium (Figure 

8, No. 1) first 2-3 inner circular stitches are made to close the cervical canal (Figure 8, No. 2). 
Subsequently two rows of knotted stitches are made, which close the outer os uteri 
completely (Figure 8, No. 3-5). 

 

 

Figure 8. Stitching technique: schematic diagram. (1) removal of the epithelium, (2) 2-3 circular 
internal cervical sutures, (3) transverse stitching of the whole dissected area for deep adaptation, (4) 
after the first row has been knotted second row of stitches adapting the surface tissue, (5) situation after 
operation. 

We use synthetic monofile thread like PDS or braided thread, such as Vicryl. These 
threads, when compared to catgut, are much better for the healing process and are reabsorbed 
much more slowly. 

 
 

Measures at the End of Pregnancy 
 
When the pregnancy has reached a sufficient number of weeks (for example 36-37 

gestational weeks), when spontaneous labor starts or induction is indicated, an attempt must 
be made to recanalize the cervix. 

This is particularly difficult when the portio is not significantly effaced (still 2-3 cm). 
The scar should be opened at latest when: 

 
• labor starts spontaneously,  
• an induction of labor is planned, or  
• 37 weeks of gestation are completed.  
 



Erich Saling and Monika Dräger 100 

A prior ultrasonic examination of the cervix is recommended to clarify the anatomical 
proportions. We generally cut the portio scar with scissors (Figure 9) under local or peridural 
anesthesia (if this was placed for labor). Then we penetrate with the finger to a depth of about 
1-2 cm into the loose cervical tissue in the assumed direction of the cervical canal (Figure 
10). 

 

 

Figure 9. Opening of the portio scar. 

 

 

Figure 10. Introduction of the finger in the assumed direction of the internal os uteri. 
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If the patient wants to leave the hospital after the scar has been opened to wait until labor 
starts spontaneously, we see no reason why she should not do so, provided there are no signs 
of any increased risk. 

We do not think that a primary cesarean section is necessary at all. Quite the contrary: 
When a recanalization of the cervix takes place during a vaginal delivery, this is in fact a 
good prerequisite for the reestablishment of normal anatomic conditions. We know from our 
own experience that after a primary cesarean section it can be extremely difficult to achieve  
recanalization of the cervix which has not been opened or dilated before, due to complex 
anatomical conditions. 

In all those patients who had a vaginal delivery after ETCO, the epithelium tissue around 
the wounded area of the portio recovered during the puerperium within a short space of time 
(a few weeks) and it is surprising—particularly since the introduction of the gentle epithelium 
removal technique—how little of the operational scar is to be seen later on after regeneration 
during the puerperium (please see the pictures at www.saling-institute.org). 

 
 

Results 
 
To assess the results of ETCO, particularly in comparison to those of cerclage, one 

should only look at high-risk-groups such as those matching the above mentioned indications 
for an ETCO (≥ 2 late abortions or early premature births). We have no knowledge of any 
randomized study concerning ETCO. On the basis of the results published so far we do not 
think that the operation can be withheld from any woman with such a critical history (for 
ethical discussion see below). Therefore, an acceptable solution is to compare the outcome of 
pregnancies after performing an ETCO with the outcome of these patients’ former 
pregnancies [45, 44, 39, 46]. While doing this, we should also consider that the chances of 
giving birth to a surviving infant are reduced the more late abortions or premature births the 
woman has previously had (see above). 

In 1990 we evaluated retrospectively the data of a group of 113 patients with previous 
recurrent abortions. From a total of 389 wanted pregnancies only 101 infants were born alive 
(26%). However, 35 of these infants died in the neonatal period. In total 66 survived, which 
means that only 17 % of all these pregnancies resulted in a surviving infant. Through the 
introduction of the total cervical occlusion (either early or late TCO) the same patients 
achieved 132 pregnancies with 94 live and surviving infants (71% !). We could also show, 
that the results in cases with an “early” TCO are twice as good as with a “late” TCO (80% vs. 
40%) [47, 48]. 

If one considers the 38 cases where the pregnancy was unsuccessful, there were 10 
premature deliveries with an extremely low birth weight, and who all died shortly after birth. 
In the remaining cases there were miscarriages, 13 of which occurred after a late occlusion, 
and 15 after an early occlusion. So the rate of abortions after the “late” occlusion amounted to 
43% against only 15% after the “early” occlusion [49]. 

Similarly good results have been obtained by other clinicians performing the TCO: In 
1996 we reported the results of a multi-center evaluation, in which 11 German hospitals took 
part [39], and the outcome of a total of 819 pregnancies with TCO was assessed. We showed 
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that the rate of surviving infants in the pregnancies before TCO had been performed was 21% 
compared to 74% in the pregnancies with TCO. Hormel and Künzel [46] reported similarly 
good results. 

Some years later Vetter and Kilavuz [17] achieved even better results: their success rate 
for Early Total Cervix Occlusion (indicated by the patients history) was 88 %, the success 
rate of late Cervix Occlusion due to critical cervix finding was 84 % and an occlusion of an 
opened cervix after the pushing back of the amniotic sac plus cerclage according to Shirodkar 
was still 74 %. 

As far as the mode of delivery is concerned, 71% of the patients in our study with a total 
cervical occlusion had a spontaneous delivery and 15 % had an operative vaginal delivery. 
The rate of cesarean sections was 14% in comparison to 9% for the whole department at that 
time [48]. 

This relatively low cesarean rate shows that, in most cases after ETCO, vaginal delivery 
can be achieved without any problems (once the scar has been opened). This is actually 
recommendable, since the cervix is stretched, which can be regarded as advantageous for the 
regeneration process after the operative occlusion, particularly to facilitate future conception. 

In 1997 we reported the results of a follow-up examination carried out on 52 women who 
had previously had a total cervical occlusion [50]. On the basis of these results generally we 
can conclude that up to now no notable negative effects have been proven in connection with 
the operative total cervical occlusion. 

So far there have been no studies with a control group without ETCO. But Vetter and 
Kilavuz [17] reported some cases in which women had a successful pregnancy with ETCO; 
in the next pregnancy without ETCO they had a late abortion and after that with ETCO again 
successful pregnancies. 

 
 

Multiple Pregnancy and ETCO 
 
All the results published up to now concern women who had already had at least one or 

several early premature birth, or late abortion in the past. In the meantime more recent results 
have become available in cases where ETCO was performed as a general preventive measure 
in multiple pregnancies (which are known to have a higher risk of prematurity), even if the 
women concerned had not had a poor history: Since 1990 Schulze [40] has, in the cases of 
those patients who consented, been performing ETCO as a prophylactic measure in the 
Women’s Hospital in Cottbus (Germany) on multiple pregnancies––and has achieved 
remarkable success: from a total of 219 multiple pregnancies he performed an ETCO on 96 of 
the women, and 123 did not have the operation. The rate of very early prematures (< 32 
weeks gestation) was 24% in the cases without ETCO and 13.5% in those with ETCO. In the 
group of infants at very high risk—those who were born at less than 28 completed weeks of 
gestation - the rate with ETCO was 1% and without ETCO it was 4%. Consequently, it can 
be seen that the perinatal mortality in cases after ETCO was almost half as much. After 
ETCO it was 2.5% and without ETCO 4.1%. 

When considering the existing data, before the good results seen above have been 
confirmed at other places it is perhaps too early to recommend that an ETCO should be 
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performed in all multiple pregnancies. Furthermore there has not yet been a study on whether 
ETCO or the Self-Care-Program for pregnant women is more successful in multiple 
pregnancies in cases without poor history. Nevertheless, the ETCO should be seriously 
considered—particularly in multiple pregnancies with additional risk factors (e.g. after In-
vitro fertilisation, or in the case of a pregnant woman near the end of her potential 
reproductive time). 

 
 

ETCO versus Cerclage 
 
To assess the results of ETCO, particularly in comparison to cerclage, one should only 

look at high-risk-groups such as those corresponding to the above mentioned indications for 
an ETCO (2 or more late abortions or early premature births). Cerclage is still a widespread 
measure despite controversial discussion. Some authors reported good results—but one 
should look at these reports very closely and verify whether or not the cerclage had been 
performed on women at similar high risk (see above). 

Up to now there is no trial comparing ETCO and cerclage within the same study group 
(apart from our small group of ETCO patients with Cerclage in the history, see below) 
Therefore, the only option is to compare the data from different studies. But even this is 
difficult, particularly because the study groups are often disparate. For example Rush et al. 
[26] compared the pregnancy outcome in 194 women with or without cerclage within a high 
risk group. In their publication they gave the details of the obstetrical history of the women 
(e.g. how many women had none, one, two, three or more preterm deliveries), but they did 
not analyze the outcome of pregnancies according to these subgroups. They only evaluated 
all pregnancies together and found no significant difference between the cerclage and non-
cerclage group (< 37weeks gestation: 34.4% vs. 31.6%). 

The MRC/RCOG final report on cerclage [27] had six sub groups, three of them where 
either one, two or three and more second trimester miscarriage or preterm deliveries. Only in 
the subgroup with ≥ 3 second trimester miscarriage or preterm deliveries and birth with < 33 
weeks gestation was there a significant difference (with cerclage 15%, without 32%; p ≥ 
0.05). The ACOG practice bulletin [18] therefore only recommends to consider elective 
cerclage for this subgroup. As the recurrence risk seems to be higher the earlier in pregnancy 
the preterm birth had been (see above), from our point of view, it would have been better, to 
differentiate the subgroups even further, according to the weeks gestation.  

However, neither in our own study with regard to ETCO nor in the publications of 
Hormel and Künzel [46] or Vetter and Kilavuz [17] such a differentiated analysis with regard 
to subgroups has been made. This is something that future research should take into account.  

Up to now, there are no studies comparing ETCO with cerclage. But in our sample of 
women treated with ETCO several women did previously have a cerclage with very limited 
benefit: In 51 previous pregnancies in which cerclage had been performed, only 13 infants 
survived. This is a survival rate of only 26% (as compared to a survival rate of 80% with 
ETCO). These results underline how advisable it is to give ETCO preference over cerclage in 
cases with such a critical history. In any case, cerclage is hardly capable of preventing 
ascending infections because this method only tightens the cervical canal and does not close 
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it (see above, Figure 1)—although, theoretically, in a few cases of cerclage there could be an 
improvement of the immunological function of the cervical mucus achieved by tightening the 
cervical canal [51]. Noori et al [52] performed in addition to a cerclage an “external os 
occlusion suture”. But as they didn’t remove the epithelium, from our point of view, they still 
performed a very tight cerclage. Nonetheless, they report good results and discussed the 
concept, that their suture might allow “the build up of mucus plug, thus preventing the 
ingress of vaginal bacterial flora” (p. 534). It would be interesting to compare the results of 
their measure with the results after ETCO in a controlled study. 

Some obstetricians combine the Early Total Cervix Occlusion with an additional 
cerclage. We, however, have not found any reason why this should be done—at least not 
when performed as a preventive measure. As has been explained already, the creation of a 
total barrier by the total occlusion is much more effective than a cerclage in the prevention of 
an ascending infection—the main cause of early prematurity. The combination might, 
however, be useful in cases with prolapse of the membranes. Vetter and Kilavuz [17] 
reported a success rate of 74% in such cases of a combination of Total Cervix Occlusion and 
additional cerclage according to Shirodkar. 

 
 

Randomized Trials – Ethical Questions 
 
We are aware that, in times of evidence-based medicine, prospective randomized trials 

are—or at least seem to be—“gold standard” when it comes to proving the effectiveness of a 
given measure. But we should not rely too much on the current, prevalent opinion that 
“randomized controlled studies” and the so-called “evidence based medicine” are the only 
reliable ways to differentiate between efficient and inefficient medical measures. 

Also, one should bear in mind that, for example, randomized controlled trials: 
• need considerable amounts of funds, 
• need to be academically attractive, 
• need a considerable amount of patients, which often can be only achieved by multi-

center studies and 
• there should be no benefit previously known to exist for either study or control 

group, as the patients would otherwise not be willing to take part (this is particularly 
the case for serious diseases) 

• within the groups, there should not be a too extensive heterogenity, which is 
unfortunately often the case. 

 
ETCO was developed in 1981 in Germany and is now widespread in Germany (currently, 

in more than 50 obstetrical departments and clinics the ETCO is performed regularly). It is 
also used in other German speaking countries, but it is still rarely performed on an 
international level. This might partly be due to the fact that randomized studies with ETCO 
have never yet been performed. But—considering the excellent results of ETCO—
performing such a study now would raise serious ethical issues. Therefore, although it would 
be possibly more convincing for the international community if we had randomized trials for 
ETCO, we do not think that this is absolutely necessary to prove its efficiency. 
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On the basis of the results published so far we do not think that the operation can be 
withheld from any woman with such a critical history. A randomized study would hardly 
receive the approval of any council of ethics—at least not in Germany—and no woman with 
such a history is likely to agree to being integrated into a control group anyway. Also, our 
own ethical conscience would not permit such a study to be devised. Vetter and Kilavuz [17] 
express a similar opinion. 

Therefore, an acceptable solution is to compare the outcome of pregnancies after 
performing an ETCO with the outcome of these patients’ former pregnancies [44, 45, 39, 46]. 
While comparing these results, one should also consider that the chances of giving birth to a 
surviving infant are reduced the more late abortions or premature births the woman has 
previously had (see above). 

The situation may be different in countries where ETCO is not performed at all. If a 
randomized study were to be performed there, at least some of the women would have the 
option of an ETCO (as opposed to now having only the option of cerclage or conservative 
measures). Therefore, if individual scientists or study groups consider a randomized trial with 
ETCO, we would welcome it and would support them with any advice or assistance, if 
necessary. 

 
 

Conclusion 
 
Recurrent premature births and late miscarriages are still a major problem in obstetrical 

and perinatal care. Infections, particularly ascending genital infections, may be responsible 
for a large proportion of these events. 

Cerclage is still a widespread measure for cases with recurrent preterm births, but is 
increasingly becoming a subject of controversy. Due to the fact that it only tightens the 
cervical canal, but does not completely close it, cerclage may not sufficiently prevent 
infection-related premature births. Some results suggest, however, that it might be useful for 
other indications. A combination of poor history, shortening of the cervix and absence of 
elevated inflammation markers may possibly identify women who might actually benefit 
from it. More research in this area is necessary. 

From our point of view, however, Total Cervix Occlusion (TCO), and, particularly, Early 
Total Cervix Occlusion (ETCO) are the better choice. It provides some mechanical support 
(as does the cerclage), but, more importantly, it completely closes the cervical canal and thus 
prevents the ascension of microorganisms. 

On the basis of previous experiences and available results the Total Cervix Occlusion—
in particular the early occlusion—is a convincingly efficient operative measure for the 
prevention of late abortions and early prematurity, particularly in cases where such events 
had previously recurrently happened. 
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Further Information 
 
Our Website www.saling-institute.org contains information about ETCO both for 

medical professions as well as for patients. The following can be found: 
 
• detailed explanation of the operation (including egg-pole-lavage) with more pictures 

than in this volume at: http://www.saling-institut.de/eng/04infoph/04tmv.html 
• Video about TMV: the complete course of the Total Cervix Occlusion operation is 

available for a small fee in the form of a self-made video with commentaries in 
German or English. The amount that exceeds the production costs benefits the non-
profit making Erich-Saling-Institute of Perinatal Medicine: http://www.saling-
institut.de/eng/04infoph/04tmv.html#Video 

• address list of clinics performing ETCO: Here we currently have a list of more than 
60 obstetrical departments and clinics, mainly in German-speaking countries, where 
Early Total Cervix Occlusions are performed regularly. We are making efforts to get 
hold of more addresses. If a clinic performing this operation is not included in the 
list, please let us know. http://www.saling-institut.de/eng/06contact/04clin.html 
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Abstract 
 

An increase of the risk of premature delivery, abortion and stillbirth has been 
observed during the past pandemics of influenza. The occurrence of intrauterine 
influenza virus infection during pregnancy is substantiated. Human fetal membranes are 
appendages of placenta and compose of amnion, chorion and decidua tissues. They play 
a critical role as defensive barriers in order to maintain normal pregnancy. Recent in vitro 
studies have demonstrated that influenza A/H1N1 virus infection induced apoptosis and 
the gene expression of a set of pro-inflammatory cytokines, such as interleukin (IL)-6, 
tumor necrosis factor (TNF)-α and interferon (IFN)-β in cultured chorion cells. IL-6, 
TNF-α and IFN-β molecules in culture supernatants of the virus-infected chorion cells 
induced the differentiation of monocytes to well-matured macrophages. It should be 
noted that these phenomena were not observed in cultured amnion cells after influenza 
virus infection, yet viral replication was observed in the cells. It has been known that 
apoptosis of the constituent cells and macrophage activation in the tissues are implicated 
in the pathogenesis of fetal membrane rupture. Therefore, accumulating evidence 
suggests that fetal membrane chorion and amnion cells play a pivotal role in the 
pathogenesis of influenza-associated complications during pregnancy. This article 
reviews the virulence of influenza virus against human fetal membrane tissues in order to 
understand the molecular pathogenesis of intrauterine influenza virus infection during 
pregnancy. 
 
 
                                                 

∗ Tel.: +81-42-676-5760, Fax: +81-42-676-5738, E-mail: uchide@toyaku.ac.jp 



Noboru Uchide and Hiroo Toyoda 112 

1. Introduction 
 
Historical perspectives have described that influenza during pregnancy is implicated as 

one of the causes of fetal loss and maternal death. The risk of premature delivery, abortion 
and stillbirth has increased during the past pandemics of A/H1N1 Spanish virus in 1918, 
A/H2N2 Asian virus in 1957 and A/H3N2 Hong Kong virus in 1968. A new pandemic 
outbreak of A/H5N1 virus infection in humans poses potentially pregnant woman and fetus 
serious complications. The studies using human influenza virus type A may help to predict 
the potential effect of avian influenza on human pregnancy. 

Human fetal membranes are appendages of placenta, which are composed of fetus-
derived amnion and chorion tissues, and maternal decidua tissue (Lavery, 1987; Malak and 
Bell, 1994). They form boundaries between the fetus and the external world and play a 
critical role as defensive barriers in order to maintain normal pregnancy (Grossman and 
Dennis, 1987). The etiology of premature rupture of membranes is not completely 
established, but appears to be related to the biochemical processes, including apoptotic cell 
death and macrophage activation, during intrauterine infection. 

Recently, we have demonstrated that influenza virus infection induced apoptosis in 
cultured chorion cells, which secrete heat-stable peptidyl macromolecules with monocyte 
differentiation-inducing (MDI) activity during apoptosis-mediated cellular degradation 
(Uchide et al., 2002a, 2002c, 2006b; see section 4 in detail). Interleukin (IL)-6, tumor 
necrosis factor (TNF)-α and interferon (IFN)-β were identified as a member of the MDI 
factors (Uchide et al., 2002b, 2006a; our unpublished data). A series of our studies, therefore, 
suggests that the induction of apoptosis and gene expression of a set of pro-inflammatory 
cytokines in chorion cells by influenza virus infection represents part of the mechanism for 
pregnancy-associated complications during intrauterine infection with the virus (Uchide et 
al., 2005a). This article highlights the virulence of influenza virus on human fetal membranes 
in order to understand the molecular pathogenesis of influenza-associated complications 
during pregnancy. 

 
 

2. Overview of Influenza Infection 
 

2.1. Epidemics and Pandemics of Influenza 
 
Every year, the global burden of influenza epidemics is believed to be 3-5 million cases 

of severe illness and 300,000-500,000 deaths (Kamps and Reyes-Teran, 2006). New 
epidemic influenza A strains arise every 1 to 2 years by the introduction of selected point 
mutations within two surface glycoproteins: hemagglutinin (HA) and neuraminidase (NA). In 
contrast to epidemics, pandemics are rare events that occur every 10 to 50 years. During the 
20th century, three pandemics have been occurred. The 1918 pandemic was caused by a 
A/H1N1 Spanish virus of apparently avian origin (Reid et al., 1999), whereas the subsequent 
pandemic strains – A/H2N2 Asian virus in 1957 and A/H3N2 Hong Kong virus in 1968 – 
were reassortant viruses containing genes from avian viruses (Kawaoka et al., 1989). 
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Avian influenza viruses do not typically replicate efficiently in humans, indicating direct 
transmission of avian influenza virus to humans is unlikely. However, since 1997, several 
cases of human infections with different subtypes (H5N1, H7N7 and H9N2) of avian 
influenza viruses have been identified and raised the pandemic potential of avian influenza 
virus in humans. Infection with a highly pathogenic avian influenza A/H5N1 virus in humans 
spreads out of Asia and into Europe and Africa. At the present day (May 28, 2008), there 
have been 383 cases infected with avian influenza A/H5N1 virus in Vietnam, Indonesia, 
Thailand, China, Cambodia, Bangladesh, Lao People’s Democratic Republic, Myanmar, 
Azerbaijan, Iraq, Turkey, Pakistan, Egypt, Nigeria and Djibouti, the death rate of which was 
extremely high as 62.9% (World Health Organization, 2008). Person-to-person transmission 
of this virus is still very limited (Ungchusak et al., 2005). However, Smith and co-workers 
have provided insight into the ongoing evolution of H5N1 influenza viruses that are 
transmitting in diverse avian species and at the interface between avian and human hosts 
(Smith et al., 2006). Therefore, it has been expressed a warning that H5N1 virus evolves to 
become easily transmittable among humans (Patterson, 2005; Wong and Yuen, 2006). The 
human beings face the threat of a highly pathogenic avian influenza virus. 

 
 

2.2. Virology 
 
Influenza viruses belong to the Orthomyxoviridae family, which are classified as type A, 

B and C by serological properties of viral nucleoproteins (NP) and matrix proteins (M1). 
Among three types, influenza A viruses are clinically the most important pathogen since they 
are responsible for the most serious threat to public health. The influenza A virus particle is 
composed of a lipid envelope derived from the host cell, 9 structural viral proteins and 8 
single-stranded virion RNA (vRNA) segments with negative-polarity. The components of the 
RNA-dependent RNA polymerase complex, PB2, PB1 and PA are associated with the 
ribonucleoprotein complex (RNP) and are encoded by the vRNA segments 1-3. The external 
glycoproteins HA and NA are expressed from vRNA segments 4 and 6, respectively. 
Influenza A viruses are categorized serologically according to the structural differences of the 
HA and NA proteins. Currently, 16 HA (H1-H16) and 9 NA (N1-N9) subtypes have been 
identified (Horimoto and Kawaoka, 2005). The NP associated with vRNA segments is 
encoded by segment 5, which is responsible for viral gene transcription and replication, and 
intracellular trafficking of the viral RNPs. The two smallest vRNA segments, each of which 
codes for two proteins. The M1 is derived from a colinear reading frame of segment 7 and 
forms an inner layer within the virion. A differential splicing of the same mRNA results in a 
third viral transmembrane component, the M2 protein, which functions as a pH-dependent 
ion channel. A similar mechanism of coding strategy for segment 8 harbors the sequence 
information for the nonstructural (NS1) protein and the nuclear export protein NS2. NS2 is a 
minor component of the virion and is found in association with the M1 protein. Recently, it 
has been reported that PB1-F2 protein, which is derived from a second open reading frame of 
PB1, associates with the mitochondria and induces apoptosis (Table 1) (Chen et al., 2001). 

The viral replication cycle is initiated by the binding of the HA to sialic acid containing 
cellular receptors. The influenza virus binds to the cell surface by fixing the outer top of the 
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HA to the sialic acid of a cell’s glycoproteins and glycolipids. The sialic acid linkage to the 
penultimate galactose, either α-2, 3 (in birds) or α-2, 6 (in humans), determines host 
specificity. 

 
Table 1. Influenza A virus genome (Strain A/PR/8/34) 

 

Segment vRN
A 

Protein Amino 
acid 

Function(s) 

1 2341 PB2 759 Subunit of viral RNA polymerase, cap-binding 

2 2341 PB1 757 Catalytic subunit of viral RNA polymerase 

  PB1-F2  87 Accumulation in mitochondria, apoptosis induction 

3 2233 PA 716 Subunit of viral RNA polymerase 

4 1778 HA 566 Hemagglutinin, surface glycoprotein, receptor 
binding, membrane fusion 

5 1565 NP 498 Nucleprotein, encapsidation of viral genomic and 
anti-genomic RNA 

6 1413 NA 454 Neuraminidase, particle release 

7 1027 M1 252 Matrix protein 

  M2  97 Ion channel activity, protecting HA conformation 

8  890 NS1 230 Post-transcriptional regulator; inhibition of pre-
mRNA splicing, polyadenylation, PKR activity 

  NS2 121 Nuclear export factor 

 
Since sialic acid-presenting carbohydrates are present on several cells of the organism, 

multiple cell types, such as airway epithelial cells, alveolar cells, vascular endothelial cells 
and macrophages, in an organism are infected with influenza virus. After attachment, the 
virus is taken up by the cell via a clathrin-coated receptor-mediated endocytosis process. 
When internalized, the clathrin molecules are liberated and the vesicle harbouring the whole 
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virus fuses with endosomes. The contents of the vesicle are usually digested through a 
stepwise lowering of the pH within the phagosome. The lowering of the pH is stopped by the 
action of the M2 protein which induces the partial liberation of the fusion peptide of the HA. 
This allows the fusion of the HA with the membrane of the vesicle and liberation of the RNPs 
into the cytoplasm, as described above. The ion influx from the endosome to the virus 
particle leads to disconnection of the different viral proteins. M1-protein aggregation is 
disrupted and RNPs no longer adhere to the M1-protein complex. Uncoating is completed 
within 20-30 min of virus attachment. 

The RNPs are transported to the nucleus, where the RNA polymerase complex binds to 
viral RNA, cleaves viral RNA by its endonuclease activity, and simultaneously leads to 
elongation. The production of viral RNA is limited by the NP in favour of mRNA. Both are 
transported to the cytoplasm, where viral proteins are generated at the ribosome. Part of the 
viral mRNA is spliced by cellular enzymes so that finally viral proteins, such as M1 and NS2, 
can be synthesised without any further cleavage. Some of the newly synthesised viral proteins 
are transported to the nucleus where they bind to viral RNA to form RNPs. Other newly 
synthesised viral proteins are processed in the endoplasmic reticulum and the Golgi apparatus 
where glycosylation occurs. These modified proteins are transported to the cell membrane 
where they stick in the lipid bilayer. When they reach a high enough concentration at the 
plasma membrane, RNPs and M1 proteins aggregate and condense to produce the viral 
particle. The precursor HA (HA0) protein is cleaved into two disulfide-liked chains, HA1 and 
HA2 by host trypsin-like proteases, which is essential for virus infectivity. Finally, the 
particle is extruded from the membrane and will be liberated by the neuraminidase activity. 
The time from entry to production of new virus is on average 6 h. 

 
 

2.3. Viremia and Systemic Infection 
 
Human influenza A viruses have been isolated directly from blood (Lehmann and Gust, 

1971; Naficy, 1963; Ritova et al., 1979; Stanley and Jackson, 1966) and from various 
extrapulmonary tissues and fluids, such as brain, meninges, spinal cord, cerebrospinal fluid, 
heart, liver, kidney, adrenal, urine, spleen, tonsil, lymph node and muscle (Hakoda and 
Nakatani, 2000; Kaji et al., 1959; Lehmann and Gust, 1971; Nakai et al., 2003; Roberts and 
Roberts, 1976; Salonen et al., 1997; Yawn et al., 1971; Zhdanov and Ritova, 1959). 
Immunochemical analysis has demonstrated that viral proteins were detected in Purkinje 
cells, neurons, ependymocytes of plexus choriodeus in the brain, β cells in the pancreas, 
CD8+ T lymphocytes in the spleen, hepatocytes and stellate endothelial cells in the liver, 
epithelial cells of convoluted tubules of the kidney and cerebrospinal fluid obtained from 
patients with influenza virus infection (Salonen et al., 1997; Takahashi et al., 2000; 
Zinserling et al., 1983). Viral RNAs were also detected in various tissues and fluids, such as 
brain, cerebrospinal fluid, heart, diaphragm, liver, lymph node and peripheral blood 
mononuclear cells obtained from patients with influenza virus infection (Nakai et al., 2003; 
Takahashi et al., 2000; Tsuruoka et al., 1997). Furthermore, in mouse model viral proteins 
and mRNAs have been detected in blood (both red blood cells and plasma), brain, liver, 
spleen, pancreas, salivary gland, kidney, heart and skeletal muscle after intranasal inoculation 
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with influenza virus (Frankova and Rychterova, 1975; Mori et al., 1995a). These results 
substantiate the occurrence of viremia and systemic infection with human influenza A virus. 

The virological course of avian influenza virus (A/H5N1) in human body is incompletely 
characterized. In a patient with fatal A/H5N1 influenza infection, viral RNA was detected by 
reverse transcription-polymerase chain reaction in the lung, intestine and spleen tissues, but 
positive-stranded viral RNA indicating virus replication was confined to the lung and 
intestine (Uiprasertkul et al., 2005). A recent case report has showed that A/H5N1 virus was 
isolated from the serum, cerebrospinal fluid and fecal samples in addition to the respiratory 
secretions (de Jong et al., 2005). Viral antigen was detected in pneumocytes by 
immunohistochemical tests (Uiprasertkul et al., 2005). These studies suggest that the virus 
replicates in the respiratory and gastrointestinal tracts, and that the major site of A/H5N1 
viral replication is the pneumocyte. 

 
 

2.4. Clinical and Pathological Manifestations 
 
The symptoms observed during influenza virus infection are highly variable, ranging 

from mild respiratory disease with rhinitis or pharyngitis to primary viral pneumonia with 
fatal outcome (Cox and Kawaoka, 1989). In uncomplicated cases it is self-limited, while it is 
often accompanied by inflammation of the upper and lower respiratory tracts, myalgia, 
gastrointestinal disorders and neurological disorders (Gross-Schulmann et al., 1998). Much 
remains to be learned about the pathogenesis of influenza virus replication and its 
relationship to the clinical manifestation. Many studies on the pathogenesis of influenza 
infections were conducted during the 1957/1958 pandemic of Asian influenza type A (H2N2) 
(Hers and Mulder, 1961; Walsh e tal., 1961). These studies demonstrated that columnar 
epithelial cells are primary sites of replication. Histological studies indicate that viral 
replication occurs throughout the respiratory tracts. Infected ciliated columnar cells become 
vacuolated and lose their cilia, and infected mucosal and ciliated epithelial cells become 
necrotic and desquamate. In studies in which bronchoscopy was conducted on, or nasal and 
bronchial biopsy specimens were taken from, individuals with uncomplicated acute influenza 
infections, inflammation of the larynx, trachea and bronchi and desquamation of ciliated 
columnar epithelium into the lumen of the bronchus were observed. 

In cases of severe influenza virus infection, pathological manifestations are as a result of 
complex biological consequences, such as apoptosis induction, macrophage activation and 
oxidative damage (Kash et al., 2004). An increased number of activated macrophages were 
found in the brain containing neurons and glial cells undergoing apoptosis in the patients 
with influenza-mediated encephalopathy (Nakai et al., 2003). The co-existence of 
macrophages and degraded cells, containing viral proteins, and pycnotic and fragmented 
nuclei, was also observed in other extrapulmonary tissues, such as liver, kidney and intestine, 
obtained from patients with influenza virus infection (Zinserling et al., 1983). The same 
phenomena were observed in mice infected with influenza virus intranasally (Zinserling et 
al., 1983). Intranasal influenza virus infection induced apoptosis in neurons in mouse brain, 
in which the virus protein-positive apoptotic bodies were phagocytosed by activated 
macrophages (Mori et al., 2002). The phagocytosis of influenza virus-infected cells 
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undergoing apoptosis by macrophages plays a critical role in the presentation of viral antigen 
to T lymphocytes (Albert et al., 1998), the abortion of virus growth (Fujimoto et al., 2000) 
and the prevention of virus dissemination in the infected organs (Mori et al., 2002). Influenza 
virus-infected cells were phagocytosed by macrophages anchored with phosphatidylserine 
(PS) that appears on the surface of infected cells during the process of apoptosis (Shiratsuchi 
et al., 2000; Watanabe et al., 2002). The PS-mediated phagocytotic reaction is stimulated 
through the desialylation of macrophage surface by NA of influenza virus-infected cells 
(Watanabe et al., 2004). Two types of phogocytes (i.e. macrophages and granulocytes) 
equally contributed to the phagocytotic elimination of apoptotic cells in the lung of mice 
infected with influenza virus (Watanabe et al., 2005). The administration of Anexin V, PS-
binding protein, reduced the level of phagocytosis, resulting in the augmentation of the 
lethality in mice and the extent of inflammation in the lung (Watanabe et al., 2005). 
Moreover, Fc receptor-mediated phagocytosis by macrophages contributes to the elimination 
of influenza virus particles in vivo (Huber et al., 2001). Subsequent to phagocytosis by 
macrophages, an abrupt increase in superoxide production by macrophages, known as the 
oxidative burst, occurs, which is catalyzed by reduced nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase enzyme complex (Park, 2003). The production of superoxide 
by phagocytes is necessary for remodeling tissues damaged by infectious agents (Cohen et 
al., 1981). However, an excessive production of superoxide is known to implicate in the 
lethal or toxic effect of influenza virus infection (Oda et al., 1989; Suliman et al., 2001). 
Therefore, a controlled superoxide production by phagocytes is critical for the pathogenesis 
of influenza virus infection as evidenced by a study using mouse model lacking functional 
phagocyte NADPH oxidase (Snelgrove et al., 2006). 

Most patients with influenza virus (A/H5N1) infection have initial symptoms of high 
fever and an influenza-like illness with lower respiratory tract symptoms, and diarrhea, 
vomiting, abdominal pain, pleuritic pain, and bleeding from the nose and gums have also 
been reported early in the course of illness in some patients (Beigel et al., 2005; Tran et al., 
2004). H5N1 influenza is still a relatively novel disease with poorly understood pathology 
and pathogenesis. The pathological findings including apoptotic cell death and macrophage 
activation are observed in the lung and some extrapulmonary tissues obtained from patients 
infected with H5N1 virus (Peiris et al., 2004; Ungchusak et al., 2005; To et al., 2001; Gu et 
al., 2007; Uiprasertkul et al., 2005, 2007; Chotpitayasunondh et al., 2004; Korteweg and Gu, 
2008). Apoptosis was observed in alveolar epithelial cells, and numerous apoptotic 
leukocytes were observed in the lung of a patient (Uiprasertkul et al., 2007). Macrophages 
appeared to be the predominant cells within the alveoli, whereas in the interstitium T 
lymphocytes, with or without neutrophils, are present. Scattered histiocytes with 
hemophagocytic activity have been observed in the lungs of some cases. Reactive histiocytes 
with hemophagocytic activity have been noted in the spleen, lymph node, bone marrow, 
lungs, and liver. In liver tissue specimens, necrosis, activated Kupffer cells, cholestasis, and 
fatty changes have been observed. In most instances the brain is edematous without any 
significant histopathological change, whereas in two cases demyelinated areas and reactive 
histiocytes and foci of necrosis have been reported. In other organs no remarkable 
histological changes have been observed. Mice infected with highly pathogenic H1N1 and 
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H5N1 viruses exhibit significantly high numbers of macrophages and neutrophils in the lungs 
compared to mice infected with low pathogenic viruses (Perrone et al., 2008). 

 
 

3. Influenza Virus Infection during Pregnancy 
 

3.1. Influence of Influenza Virus on Pregnant Woman and Fetus 
 
Infection during pregnancy occurs much more often than is recognized and disastrous for 

mother and/or fetus if proper care was not provided. Preterm premature rupture of the 
membranes complicates 3% of pregnancies and is responsible for approximately one third of 
all preterm births (Mercer, 2005). 

The risk of premature delivery, abortion and stillbirth has increased during the past 
pandemics of A/H1N1 Spanish virus in 1918 (Harris, 1919), A/H2N2 Asian virus in 1957 
and A/H3N2 Hong Kong virus in 1968 (Hardy et al., 1961; Freeman and Barno, 1959; 
Greengerg et al., 1958; Pleydell, 1960; McDonald, 1961). No increase of cases has been seen 
in the 1968-1969 pandemic of Hong Kong influenza (H3N2) (Sterner et al., 1990). Also even 
more recently in the presence of antibiotics, it has been demonstrated that a cluster of 
spontaneous abortions and stillbirths occurred within two or three weeks from the onset of 
influenza in 1985-1986 (Stanwell-Smith et al., 1994), yet some case reports were found. 
Within a week of hospitalization, the patient with pneumonia caused by influenza virus type 
A during 29 weeks’ gestation developed regular uterine contractions. The cervix was 3 cm 
dilated, and an infant was delivered by cesarean section, but mother became severely 
hypotensive and bradycardic and died (Kort et al., 1986). Within two weeks of 
hospitalization, the patient with encephalopathy caused by influenza virus type A during 12 
weeks’ gestation underwent an abortion (Hakoda and Nakatani, 2000).  

In the 1977-1978 pandemic of A/H1N1 Russian virus in Portland metropolitan area, the 
significant excess of acute respiratory disease among pregnant women was observed by 
reappearance of this type virus, that had circulated in the 1950s, and was confined to those 
under age of 25 who would not have been previously exposed to this type virus (Mullooly et 
al., 1986). An epidemiological study in the Tennessee from 1974 to 1993 estimated that 
0.25% of pregnant women were hospitalized for the influenza infection (Neuzil et al., 1998). 
Another epidemiological study in the Tennessee from 1985 to 1993 demonstrated that 6.0% 
of pregnant women with asthma were hospitalized during influenza season, which was 
significantly higher than 0.51% of pregnant women without asthma (Hartert et al., 2003). 
Thus, influenza virus type A infection during pregnancy is still an etiological awareness at 
the present day even a multiple infection with bacteria is controllable by the treatment using 
antibiotics. It may be said that many pregnant women are exposed to the risk of influenza-
associated complications of pregnancy. Therefore, it is important to study the mechanisms of 
virulence of influenza virus to pregnant woman and fetus. 
3.2. Placental and Fetal Infection 

 
Influenza virus type A has been isolated from placenta and amniotic fluid during the third 

trimester in fatal (Jewett, 1974; Yawn et al., 1971) and non-fatal cases (McGregor et al., 
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1984). Placentitis caused by influenza virus type A and B has been observed in 32 of 186 
placentas, which was characterized by hyperplasia and subsequent degeneration of amniotic 
cells, placental trophoblast cells, decidua cells and vascular endothelial cells and by the 
presence of viral proteins and fucsinophilic inclusions in the affected cells, and lymphoid cell 
infiltrations (Mel’nikova et al., 1987). Immunohistochemical analyses further demonstrated 
that influenza virus proteins were detected in astrocytes and neurons in the brain of infant 
who was delivered by cesarean section (Conover and Roessmann, 1990). Influenza virus has 
been isolated from the lung of a stillborn infant (Greenberg et al., 1958) and from fetal heart 
(Yawn et al., 1971). Immunoglobulin M type antibody against epidemic strain of influenza 
virus type A has been found in umbilical cord blood sera obtained from infants delivered 
after a community-wide epidemic, and lymphocytes isolated from umbilical cord blood were 
proliferated by the stimulation with epidemic strain of influenza virus type A (Ruben et al., 
1975; Ruben and Thompson, 1981). These results substantiate that influenza viruses spread 
from the maternal respiratory tract to the fetus, placenta and amniotic fluid via viremia. 

Both the placenta and the 4-month-old fetus have been studied on a fatal 24-year-old 
case with H5N1 virus infection (Shu et al., 2006; Gu et al., 2007). The placenta showed 
scattered foci of both syncytiotrophoblast necrosis and necrotizing deciduitis, and diffuse 
villitis. Both negative- and positive-strand viral RNAs for HA and NP were detected in 
Hofbauer and cytotrophoblastic cells but not syncytiotrophoblasts in the placenta by in situ 
hybridization. Immunohistochemical analysis consistently demonstrated that viral HA and 
NP proteins were detected in Hofbauer and cytotrophoblast cells but not 
syncytiotrophoblasts. Both negative- and positive-strand viral RNAs for HA were amplified 
from the placental tissue using reverse transcriptase-polymerase chain reaction techniques. 
Both negative- and positive-strand viral RNAs were detected in fetal bronchi, alveolar 
pneumocytes, Kupffer cells, and circulating mononuclear cells by in situ hybridization. The 
fetal tissues mostly showed no specific histopathological features, except for some edema and 
a few scattered interstitial neutrophils in the lungs. These results suggest that H5N1 viruses 
proliferate in Hofbauer and cytotrophoblastic cells but not syncytiotrophoblasts, and 
transplacental transmission of H5N1 virus results in infection of fetal organs. 

Avian and human influenza viruses preferentially bind to α-2, 3-linked and α-2, 6-linked 
sialic acids, respectively. The expression of avian influenza (AIV-Rs) and human influenza 
virus receptors (HuIV-Rs) was analyzed by immunohistochemical stains using biotinylated 
Maackia amurensis lectin II and Sambucus nigra agglutinin, respectively (Yao L et al., 
2008). In the placenta obtained from patients with H5N1 virus infection, endothelial cells 
expressed both HuIV-R and AIV-R, whereas Hofbauer cells stained positive only for HuIV-
R. Both cytotrophoblasts and syncytiotrophoblasts were negative for both receptor types. The 
absence of AIV-Rs in several cell types, including cytotrophoblasts and Hofbauer cells, 
appears to be inconsistent with the detected H5N1-infection of these cells. Accordingly, Yao 
and co-workers have implied that other receptors or coreceptors might be involved in virus –
target-cell interaction in H5N1 avian influenza (Yao et al., 2008). 

In swine, some reports suggest that abortion and stillbirth can be associated with 
epidemics of swine influenza (Vannier, 1999; Wesley, 2004). Transplacental transmission of 
swine influenza virus has been also observed in pregnant gilts (Wallace and Elm, 1979). 
Influenza virus has been isolated from amnion and chorion tissues in pregnant guinea-pig 
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models (Sweet et al., 1977) and amniotic fluid in pregnant ferret models (Rushton et al., 
1983) after intracardial inoculation with the virus. These results demonstrate the occurrence 
of fetal membrane infection with this virus. In addition, influenza virus infection may 
preferably spread to chorion tissues adhered to decidua tissue via viremia, since human 
endometrial and decidua tissues provide a preferable environment for influenza virus 
replication than placental tissues (Rosztoczy et al., 1975). 

 
 
4. Virulence of Influenza Virus on Human Fetal 

Membrane Tissues 
 

4.1. Implication of Apoptosis in Pathology of Membrane Rupture 
 
In our knowledge, Parmley has reported for the first time that apoptotic cells were 

detected in the chorionic trophoblast cell layer of human fetal membrane tissues (Parmley, 
1990). The study using 121 specimens obtained from clinically heterogenouos patients has 
suggested that the trophoblastic cell layer of the chorion laeve showed widespread apoptotic 
cells and loss of the trophoblastic cell layer as term approached, and that the chorionic 
trophoblastic cells population of the chorion was prematurely destroyed by infiltrating 
maternal leukocytes in cases of chorioamnionitis (Parmley, 1990). The number of apoptotic 
cells was greater in the week of 37-42 group of uncomplicated cases at term than in the week 
of 23-30 group of complicated cases with preeclampsia and diabetes at preterm in chorionic 
trophoblast and decidual cell layers (Runic et al., 1998). The apoptotic bodies were quite 
abundant in the chorionic trophoblastic layer of fetal membranes located over the cervix 
(McLaren et al., 1999). Recent studies have revealed that the number of apoptotic cells was 
much higher in the chorion of fetal membranes with histological chorioamnionitis at term 
than those without chorioamnionitis (Murtha et al., 2002), and that the chorion of fetal 
membranes from patients with premature rupture of membranes had significantly more 
apoptotic cells than those without chorioamnionitis (George et al., 2008). It is likely that 
apoptotic cell death in broad area of fetal membrane tissue is responsible for rupture of 
membranes both at term under physiological conditions and at preterm with chorioamnionitis. 

Elevated levels of IL-1β, IL-6 and TNF-α proteins can be found in the amniotic fluid of 
patients with preterm labor and intra-amniotic infection (Romero et al., 1989, 1990, 1992). 
Both IL-1α and IL-1β induced preterm delivery in mice, as demonstrated by the prevention 
of preterm delivery with the pretreatment with IL-1 receptor antagonist (Romero et al., 1992). 
Stress-triggered abortion was prevented by neutralizing TNF-α and IL-1 with soluble 
receptors in mice (Arck et al., 1997). Thus, pro-inflammatory cytokines, such as IL-1β, IL-6 
and TNF-α, have been postulated to play a fundamental role in the pathogenesis of preterm 
delivery during intrauterine infection. Caspases (cysteinyl aspartate-specific proteinases) 
mediate highly specific proteolytic cleavage events in dying cells (Nicholson and Thornberry, 
1997). It has been demonstrated that activities of pro-apoptotic caspase-3 and caspase-8, but 
not caspase-9, in later stages of gestation (40-41 weeks) were much higher than those in 
earlier stages (16-27 weeks) in fetal membranes (Kumagai et al., 2001). Pro-inflammatory 
cytokines, such as IL-1β, IL-6 and TNF-α, induced the expression of pro-apoptotic caspases 
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mRNAs in isolated amniochorion tissues (Fortunato et al., 2001; Fortunato and Menon, 2003; 
Menon et al., 2002). Furthermore, these cytokines induced the cleavage of polyADP-ribose 
polymerase, a substrate for caspases, in isolated amniochorion tissues (Kumar et al., 2006). 
Consequently, it is likely that caspases, particularly caspase-3 and caspase-8, and pro-
inflammatory cytokines (e.g. IL-1β, IL-6 and TNF-α) play a critical role in the molecular 
pathogenesis of premature rupture of fetal membranes associated with intrauterine infection 
through apoptosis induction (Fortunato et al., 2000, 2001, 2002; Fortunato and Menon, 2003; 
Kataoka et al., 2002; Kumar et al., 2006; McLaren et al., 1999; Menon et al., 2002; Murtha et 
al., 2002). 

Apoptosis of chorionic trophoblast cells in the amniochorion tissues obtained at the end 
of pregnancy was progressed by the in vitro incubation, which was suppressed by the 
addition of glucocorticoids, antioxidative reagents [pyrrolidine dithiocarbamate (PDTC), N-
acetyl-L-cysteine (NAC), nordihydroguaiaretic acid (NDGA), 6-hydroxyl-2, 5, 7, 8-
tetramethylchroman-2-carboxylic acid (Trolox), a water-soluble analogue of vitamin E], 
general and selective cyclooxygenase (Cox)-2 inhibitors (indomethacin and nimesride, 
respectively) and inducible nitric oxide synthase (iNOS) inhibitor (2-amino-5, 6-dihydro-6-
methyl-4H-1, 3-thiazine) to the medium (Ohyama et al., 1998, 2001; Yuan et al., 2006). The 
expression levels of Cox-2 and iNOS mRNAs as well as proteins were increased in the 
isolated chorion tissues during in vitro incubation (Yuan et al., 2006), resulting in the 
production of reactive oxygen species (ROS), such as superoxide and nitric oxide. 
Furthermore, apoptosis was induced in cultured chorion, but not amnion, cells by the 
treatment with a nitric oxide donor reagent, sodium nitroprusside (Yuan et al., 2006). It has 
been known that peroxynitrite, a strong oxidant, is formed when superoxide and nitric oxide 
are produced at near equimolar ratios (Virag et al., 2003). Moreover, Trolox inhibits 
peroxynitrite-mediated apoptosis in rat thymocytes (Salgo and Pryor, 1996). These results 
suggest that the induction of apoptosis in the chorionic trophoblast cells is mediated through 
peroxynitrite resulting from the induction of Cox-2 and iNOS gene expression. It has been 
known that bacterial toxin lipopolysaccharide (LPS) induces Cox-2 and iNOS gene 
expression simultaneously in macrophages (Swierkosz et al., 1995). On the basis of these 
results, it is possible that infiltrated maternal macrophages are a major source for Cox-2 and 
iNOS enzymes in isolated amniochorion tissues. 

As described above, our previous study has identified the contribution of ROS 
production system (e.g., oxidant enzymes, such as iNOS and Cox-2) to the apoptosis 
induction in the chorion cells, suggesting an important role of the two inducible enzymes in 
the induction process (Yuan et al., 2006). Furthermore, we examined the role of ROS 
elimination system (e.g. antioxidant enzymes, such as glutathione peroxidase (GPx) and 
catalase) in the apoptosis induction of the cultured chorion cells (Yuan et al., 2008), since the 
apoptosis induction by oxidative stress is a result of imbalance between production and 
elimination of ROS. The treatment of cultured chorion and amnion cells with 
mercaptosuccinic acid (MS, GPx inhibitor) and 3-amino-1, 2, 4-triazole (ATZ, catalase 
inhibitor) resulted in an inhibition of GPx and catalase activity, respectively. The incubation 
with MS alone induced apoptosis in the chorion cells, the levels of which were enhanced by 
the addition of ATZ, while ATZ alone hardly induced apoptosis in the cultured chorion cells. 
However, none of these reagents induced apoptosis in the amnion cells. Therefore, we have 
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concluded that GPx played a more critical role than catalase in the control of the apoptosis 
induction of the chorion cells, suggesting that the threshold levels of stress tolerance in the 
chorion cells are much lower than those in the amnion cells (Yuan et al., 2008). 

 
 

4.2. Induction of Apoptosis in Fetal Membrane Chorion Cells by Influenza 
Virus Infection 

 
We have investigated the virulence of influenza virus to human fetal membrane tissues in 

order to understand the pathogenesis of influenza-associated complications during pregnancy. 
In vitro study using primary cultured chorion and amnion cells has been conducted. Influenza 
A/PR/8/34 (H1N1) virus replicated both in the cultured chorion cells and in the cultured 
amnion cells (Uchide et al., 2002a). Significant cytopathic effects (CPEs), such as cell 
rounding and detachment, were observed in the cultured chorion cells after the virus infection 
(Uchide et al., 2002a). The detached chorion cells, which were stainable with trypan blue 
dye, were increased with time after the virus infection (our unpublished data). 
Simultaneously, lactate dehydrogenase (LDH) activity in the culture supernatants of chorion 
cells was enhanced by the virus infection (Uchide et al., 2002a). These results indicated that 
the intracellular LDH was leaked into the extracellular medium as a result of increasing 
permeability of cellular membrane. Chromosomal DNA in the cultured chorion cells was 
fragmented into oligonucleosomes by the virus infection (Uchide et al., 2002a). In situ the 
terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) method 
demonstrated that numerous numbers of TUNEL-positive cells were detected in the cultured 
chorion cells after the inoculation with active influenza viruses, but not heat-inactivated 
viruses (Uchide et al., 2006b). In contrast, these phenomena were not observed in cultured 
amnion cells after influenza virus infection, yet the virus replicated in the cells (Uchide et al., 
2002a, 2006b). The treatment with an antiviral reagent, ribavirin (1-β-D-ribofuranosyl-1, 2, 
4-triazole-3-carboxamide), inhibited the induction of oligonucleosomal DNA fragmentation 
in the cultured chorion cells by the virus infection (Uchide et al., 2002a). Since 
oligonucleosomal DNA fragmentation and TUNEL-positive reaction are key features of 
apoptotic cell death (Gavrieli et al., 1992; Wyllie et al., 1980), these results suggest that 
influenza virus infection induces apoptosis in the cultured chorion cells but not in the 
cultured amnion cells, and moreover that influenza virus proliferation is prerequisite to the 
induction of apoptosis in cultured chorion cells by the virus infection. Consequently, the 
infection of chorion cells with influenza virus A/PR/8/34 is cytocidal accompanied with virus 
proliferation and cell lysis, but the infection of amnion cells with the cytopathogenic strain of 
influenza virus results in persistent accompanied with virus proliferation but without cell 
lysis.  

Our unpublished study demonstrated that influenza virus infection induced the cleavage 
of pro-caspase-3 protein into an active form in primary cultured chorion, but not amnion, 
cells. A general caspase inhibitor, N-t-Boc-Asp(OMe)-fluoromethyl ketone (Boc-D-fmk), 
inhibited all of the cleavage of pro-caspase-3 protein to an active form and induction of DNA 
fragmentation in the influenza virus-infected chorion cells, and LDH leakage from the cells. 
The treatment with Boc-D-fmk did not interfere virus infection (e.g. NP expression) and virus 
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particle release in the chorion cells. These results suggested that Boc-D-fmk inhibited the 
induction of apoptosis in the chorion cells by influenza virus infection through the inhibition 
of caspase-3 activation irrespective of virus proliferation. The induction of apoptosis in 
cultured amnion cells was not observed by the infection with cytopathogenic strain of 
influenza virus A/PR/8/34, although the virus proliferation occurred (Uchide et al., 2002a, 
2002c, 2002d, 2006a). A precise mechanism for the persistent infection of cultured amnion 
cells with the cytopathogenic strain of influenza virus A/PR/8/34 is poorly understood. 
Apoptosis is a tightly regulated process involving several checkpoints before irreversible 
cellular degradation begins. The process consists of initiation, commitment and degradation 
phase (Kroemer et al., 1995; Oltvai and Korsmeyer, 1994). It is possible that amnion cells 
have neither initiation nor commitment of apoptotic cell death associated with influenza virus 
proliferation. In the amnion cells, pro-caspase-3 was not activated intrinsically by influenza 
virus infection, which might relate to the persistent infection. A previous study has proposed 
that the release of virus particles is responsible for the LDH leakage from influenza virus-
infected cells, because several antiviral reagents inhibited the LDH leakage (Watanabe et al., 
1995). Our results using antiviral reagents, such as ribavirin and PDTC, support the previous 
observation (our unpublished data). However, the treatment with Boc-D-fmk inhibited LDH 
leakage and apoptosis but not virus particle release (our unpublished data). These results 
indicated that LDH leakage occurs irrespective of the virus particle release. It has been well 
known that cellular membrane is degraded as a result of secondary necrosis after apoptosis 
(Wyllie et al., 1980). Accordingly, our study using Boc-D-fmk clearly demonstrated that 
LDH leakage from influenza virus-infected cells occurred as a result of the secondary 
necrosis after apoptosis rather than the virus particle release. Higher levels of LDH activity in 
amniotic fluid are associated with chorioamnionitis (Kidokoro et al., 2006) or preterm 
deliveries (Madazli et al., 2003), suggesting that LDH level in amniotic fluid is a useful 
marker in predicting fetal membrane damage. Therefore, our study provides a possibility that 
LDH is a useful marker of predicting fetal membrane damage through apoptosis induced by 
influenza virus infection. 

Our ex vivo study has demonstrated that the infection with influenza virus A/PR/8/34 
(H1N1) promoted apoptotic cellular degradation in organ cultured human amniochorion 
tissues (Uchide et al., 2006a). In vivo experiments have demonstrated that intranasal 
influenza virus infection induces apoptosis in bronchial/bronchiolar epithelial cells, alveolar 
cells, lymphoid cells in the lung, neurons in the brain and bone marrow B cells of mice (Mori 
et al., 1995b, 2000, 2002, 2003; Sedger et al., 2002) and vascular endothelial cells in the 
liver, pancreas, kidney and brain of chickens (Ito et al., 2002). Some postmortem studies have 
demonstrated that apoptotic cells were detected in various tissues, such as the brain, liver, 
kidney and intestine, obtained from patients with influenza virus infection (Nakai et al., 2003; 
Zinserling et al., 1983). These results suggest that influenza virus infection induces apoptosis 
in various types of cells when systemic infection occurred. Therefore, it has been postulated 
that a direct apoptosis-mediated CPE of influenza virus infection on human fetal membrane 
tissues is implicated in the pathogenesis of pregnancy-associated complications during 
intrauterine infection with the virus (Uchide et al., 2005a). 
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4.3. Implication of Macrophage Activation in Pathology of Membrane 
Rupture 

 
Monocytes/macrophages are normally present in the maternal decidua tissue in large 

numbers but limited numbers in the fetal chorion and amnion tissues (Vince and Johnson, 
2000). A recent study has demonstrated that maternal leukocytes invade the amnion and 
chorion during premature rupture as a result of chorioamnionitis (Steel et al., 2005). In 
particular, an increased numbers of infiltrated monocytes/macrophages was observed in 
choriodecidua tissues obtained from patients with chorioamnionitis as compared to normal 
samples (Hung et al., 2006). Furthermore, the expression levels of mRNAs for CD14, a cell 
surface marker for monocytes/macrophages; monocyte chemoattractive cytokines, such as 
macrophage inflammatory protein (MIP)-1α, MIP-1β, monocyte chemoattractant protein 
(MCP)-1, macrophage migration inhibitory factor (MIF) and regulated on activation, normal 
T cell expressed and secreted (RANTES), were increased in fetal membranes ruptured 
prematurely in patients with chorioamnionitis (Marvin et al., 2002). These results suggest 
that monocytes/macrophages are recruited from maternal decidua tissue to amniochorion 
tissue by monocyte chemoattractive cytokines described above, which play a critical role in 
the pathogenesis of premature rupture of membranes during intrauterine infection. 

MIF immunoreactivity was found in fetal membranes, and concentration of MIF protein 
in amniotic fluid was increased at term labor (Ietta et al., 2002), suggesting that MIF 
contributes to the inflammatory events leading to labor. In addition, intra-amniotic infection 
and preterm parturition, but not term parturition, are associated with a significant increase in 
amniotic fluid MIF concentrations. Among patients with preterm labor with intact 
membranes, elevated amniotic fluid concentrations of MIF are associated with intra-amniotic 
inflammation and histologic chorioamnionitis. These changes in amniotic fluid were not 
reflected in maternal plasma. An increased expression of MIF protein and mRNA in 
chorioamniotic membranes was observed in patients with histologic chorioamnionitis. These 
observations suggest that MIF plays a role in histologic chorioamnionitis and preterm 
parturition associated with microbial invasion of the amniotic cavity (Chaiworapongsa et al., 
2005). Recently, the importance of macrophage activation in rupture of membranes has been 
increasingly recognized (Marvin et al., 2002; Ietta et al., 2002). 

 
 

4.4. Secretion of Monocyte Differentiation-Inducing (MDI) Factor from 
Fetal Membrane Chorion Cells after Influenza Virus Infection 

 
Recent studies suggest that the phagocytosis of influenza-virus infected cells undergoing 

apoptosis by macrophages plays a critical role in the initiation of specific immune responses 
and in the elimination of viral pathogens in infected organs (Albert et al., 1998; Fujimoto et 
al., 2000; Mori and Kimura, 2000; Shiratsuchi et al., 2000; Watanabe et al., 2002, 2004, 
2005). It has been postulated that immature monocytes in the bloodstream are able to 
differentiate to macrophages in order to phagocytose apoptotic cells as a result of virus 
infection. However, it is still not clear how monocytes are attracted to virus-infected cells and 
then differentiate to macrophages. 
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Apoptosis induction has been defined as the elimination of dying cells without inducing 
an inflammatory response (Wyllie et al., 1980). However, this conventional definition may 
not be fit in a certain situation. When pathogens invade, that induces an inflammatory 
response, resulting in the activation of an immune response (Restifo, 2000). Physiological 
program of monocyte differentiation to macrophage normally proceeds under the control of 
several cytokines in a coordinate manner. For example, IL-6 induces the differentiation of 
human monocytic leukemia cell lines including THP-1 cells to macrophages with the ability 
of superoxide production, the activity of which is synergistically enhanced in combination 
with either TNF-α or IFN-γ (Noda et al., 1991; Takeda et al., 1988). Therefore, we have been 
investigating the role of pro-inflammatory cytokines derived from influenza virus-infected 
chorion cells undergoing apoptosis in monocyte differentiation and macrophage activation 
(Uchide et al., 2002c, 2006b). 

Our studies have demonstrated that influenza virus infection induced both apoptosis and 
mRNA expression of a set of pro-inflammatory cytokines, such as IL-1β, IL-6, TNF-α, IFN-
β, IFN-γ and granulocyte macrophage colony-stimulating factor (GM-CSF), in cultured 
chorion cells (Uchide et al., 2002a, 2002b, 2002c, 2002d, 2005b, 2006a, 2006b, 2007). 
Immature form of IL-1β (proIL-1β) protein was accumulated within cultured chorion cells in 
response to influenza virus infection, although IL-1β protein was not secreted from the 
infected cells (Uchide et al., 2006a). Considerable amounts of IL-6, TNF-α and IFN-β 
proteins and a trace amount of IFN-γ protein were secreted from the virus-infected chorion 
cells undergoing apoptosis (Uchide et al., 2002b, 2006a, 2006b, 2007). Furthermore, 
influenza virus infection also promoted apoptotic cellular degradation in isolated 
amniochorion tissues and the secretion of IL-6 and TNF-α from the tissues (Uchide et al., 
2006a, 2006b). It has been suggested that p38 mitogen-activated protein kinase pathway is 
involved in the process of TNF-α gene expression at a post-transcriptional level in influenza 
virus-infected chorion cells (Uchide et al., 2007). It should be noted that these phenomena 
were not observed in influenza virus-infected amnion cells, in which no apoptosis induction 
was occurred (Uchide et al., 2002a, 2002b, 2002c, 2006a, 2006b).  

It has been shown that human monocytic leukemia THP-1 cells differentiate to 
macrophages in the presence of 12-O-tetradecanoylphorbol 13-acetate (TPA), and TPA-
treated THP-1 cells adhere to a substrate and phagocytose yeasts and immunoglobulin G-
coated sheep red blood cells (Tsuchiya et al., 1982). Therefore, we have developed a new 
simple adhesion assay using THP-1 cells in order to determine MDI activity quantitatively 
(Uchide and Toyoda, 2007). The effect of culture supernatants of influenza virus-infected 
chorion and amnion cells on monocyte differentiation to macrophages has been investigated 
(Uchide et al., 2002c, 2006b). The adhesion assay revealed that THP-1 cells became adherent 
to a substrate by incubation with heated culture supernatant of influenza virus-infected 
chorion cells (IV-C-sup), in which the extent of cell adhesion was much higher than that with 
culture supernatants of mock-infected chorion cells (Mock-C-sup). No adhesion induction 
was observed after treatment with culture supernatants of mock and influenza virus-infected 
amnion cells (Mock-A-sup and IV-A-sup, respectively). Microscopic analyses revealed that 
non-treated THP-1 cells were round, the nucleocytoplasmic ratio was >1, and the cytoplasm 
was highly basophilic with a few vacuoles. The THP-1 cells adhered to coverslips after 
incubation with IV-C-sup were irregularly shaped, the nucleocytoplasmic ratio decreased to 
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<1, and the cytoplasm was weakly basophilic with many vacuoles. The phagocytotic function 
of adhered THP-1 cells was examined. Fluorescence microscopy revealed that adhered THP-
1 cells phagocytosed many fluorescent latex particles. These results demonstrated that 
monocytic THP-1 cells were morphologically and functionally differentiated to macrophages 
by incubation with heat-stable soluble factors in IV-C-sup. On the basis of our previous 
study, we suggested for the first time that influenza virus-infected chorion cells undergoing 
apoptosis secreted heat-stable soluble factors with MDI activity, MDI factors (Uchide et al., 
2002c). This conclusion was further supported by another test for monocyte differentiation, 
such as the nitroblue tetrazolium (NBT) reduction test for measuring the ability of superoxide 
production (Baehner and Nathan, 1968). Treatment with IV-C-sup induced the ability of 
NBT reduction in human peripheral blood monocytes, the extent of which was much higher 
than that with Mock-C-sup (Uchide et al., 2006b). The NBT reduction was inhibited by the 
addition of excessive amounts of SOD and diphenyleneiodonium chloride, an inhibitor for 
NADPH oxidase (Uchide et al., 2006b), indicating that NBT is reduced by superoxide 
resulting from the activation of NADPH oxidase (Kobayashi et al., 1990; Shi et al., 2001). 
Therefore, these results suggested that the MDI factors induced the differentiation of 
monocytes to well-matured macrophages with the ability of superoxide production. The MDI 
factors also differentiated human monoblastic leukemia THP-1 and histiocytic leukemia 
U937 cells to superoxide producing cells but not promyelocytic leukemia HL-60 cells 
(Uchide et al., 2006b). No NBT reduction induction was observed after treatment with Mock-
A-sup and IV-A-sup (Uchide et al., 2006b). 

Characteristic features of macrophages induced by MDI factors have been further 
investigated. MDI factors derived from influenza virus-infected chorion cells induced both 
adherence and superoxide production abilities in THP-1 cells (Uchide et al., 2002c, 2006b). 
After the incubation with IV-C-sup, a large proportion (76%) of THP-1 cells acquired both 
adherence and superoxide production abilities, but a small proportion (24%) acquired only 
superoxide production ability (our unpublished data). Class A scavenger receptor (SR-A) on 
the cell surface of macrophages is one of the molecules recognizing apoptotic cell and 
adhesion molecules (Peiser and Gordon, 2001). The effect of MDI factors on mRNA 
expression for SR-A and NADPH oxidase subunits (i.e. gp91phox and p22phox) was examined 
(Uchide et al., 2002c; our unpublished data). Reverse transcriptase-polymerase chain reaction 
analysis revealed that the expression of SR-A mRNA was induced in only adhered, not 
suspended, THP-1 cells after incubation with IV-C-sup. In contrast, the mRNA expression of 
gp91phox, a catalytic subunit of NADPH oxidase, was increased in both adhered and 
suspended THP-1 cells after incubation with IV-C-sup. The expression of p22phox mRNA was 
not changed. These results indicated that the induction of SR-A and gp91phox mRNA 
expression is critical for the acquisition of macrophage functions, such as adhesion and 
superoxide production, respectively. Accordingly, our results suggest that MDI factors 
derived from influenza virus-infected chorion cells induced the differentiation of monocytes 
to macrophages accompanied with the gene expression of SR-A and gp91phox. 

Phagocytosis of apoptotic chorion cell debris by MDI factors-induced macrophages has 
been investigated. Chorion cells were detached due to apoptosis resulting from influenza 
virus infection. The apoptotic chorion cell debris was collected by a centrifugation and 
suspended in 50% of IV-C-sup or 50% of fresh medium. IV-C-sup-induced adherent THP-1 
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cells were incubated for 24 hr with the apoptotic chorion cell debris in IV-C-sup or fresh 
medium. Viral NP-positive particles were detected within adhered THP-1 cells when THP-1 
cells were incubated with IV-C-sup, but not with fresh medium. These results indicated that 
MDI factors-induced adherent THP-1 cells phagocytosed IV-infected apoptotic chorion cell 
debris. The incubation with fresh medium significantly decreased the total cell number of 
adhered THP-1 cells, and no phagocytosing THP-1 cells were observed. The incubation with 
heated Mock-C-sup did not change both numbers of total and phagocytosing THP-1 cells. 
Contrary, the incubation with non-heated IV-C-sup increased the total cell number of adhered 
THP-1 cells, accompanying by the increase in number of phagocytosing THP-1 cells. These 
results indicated that chorion cells secreted heat-stable soluble factors with the activity of 
maintaining macrophage adhesion irrespective of influenza virus infection, and that the 
activity was somewhat reduced by heating. It has bee shown that MIF maintains macrophage 
adhesion and is heat-stable (Weiss and Glaves, 1975). The activity in culture supernatants of 
chorion cells is similar to the activity of MIF. It has been demonstrated that MIF mRNA and 
protein were detected in amniochorion tissues (Marvin et al., 2002; Ietta et al., 2002), and 
moreover that treatment of macrophage-like RAW 264.7 cells with MIF increased the extent 
of phagocytosis (Onodera et al., 1997). Therefore, it is possible that the MIF-like activity 
secreted from chorion cells is critical for the phagocytosis by macrophages. As presented in 
this article, MDI factor-induced macrophages phagocytosed influenza virus-infected chorion 
cells undergoing apoptosis. 

Both adhesion induction and NBT reduction activities were well correlated with the 
increase of IL-6 concentrations in IV-C-sup (Uchide et al., 2006b). It has been known that the 
IL-6 receptor α-chain (gp80) binds to IL-6 (Kishimoto et al., 1992), whereas IL-6 receptor β-
chain (gp130) itself does not bind to IL-6, but associates with the α-chain/IL-6 complex and 
is responsible for signal transduction (Taga et al., 1989). The addition of respective 
antibodies against IL-6 and its receptor subunits, gp80 and gp130, inhibited the induction of 
adhesion and NBT reduction activities by MDI factors (Uchide et al., 2006b). The 
combination of these antibodies suppressed >60% of NBT reduction induced by IV-C-sup 
(our unpublished data). Moreover, the addition of respective antibodies against TNF-α and 
IFN-β also inhibited the induction of NBT reduction activity by IV-C-sup (our unpublished 
data). Although the addition of antibody against IFN-γ inhibited the induction of superoxide 
production by recombinant human (rh) IFN-γ, it did not inhibit the effect of IV-C-sup (our 
unpublished data). In addition, both superoxide production and adhesion activities were 
reconstituted with recombinant cytokines (e.g. rhIL-6, rhTNF-α and rhIFN-β) (our 
unpublished data). It has been known that IL-6, TNF-α and IFN-β are heat-stable at 56 ºC for 
30 min, but IFN-γ is labile (Roberts and Vasil, 1982; Uchide et al., 2006a; Wiedbrauk and 
Burleson, 1986). On the basis of these results, our studies suggest that IL-6 molecule 
predominantly contributed to the MDI activity derived from influenza virus-infected chorion 
cells, and TNF-α and IFN-β molecules also partly contributed, but IFN-γ did not. MDI 
activity was also detected in the supernatants of amniochorion tissue homogenate. Influenza 
virus infection induced the secretion of MDI factors containing IL-6 and TNF-α from organ 
cultured amniochorion tissues (Uchide et al., 2006a, 2006b). It is possible that chorionic 
trophoblast cells contribute to the production of MDI factors containing IL-6 and TNF-α by 
amniochorion tissues in response to influenza virus infection. Therefore, these results raise a 
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possibility that chorion cell-derived MDI factors containing IL-6 and TNF-α induce the 
differentiation of maternal monocytes in decidua tissue to well-matured macrophages with 
superoxide production ability during intrauterine influenza virus infection. 

 
 

Conclusion 
 
Apoptosis induction is observed only in human fetal membrane chorionic trophoblast 

cells by influenza virus infection. The cells simultaneously secrete a set of pro-inflammatory 
cytokines, such as IL-6, TNF-α and INF-β, in the process of apoptosis. These cytokines 
induce the differentiation of monocytes to well-matured macrophages capable of generating 
toxic molecule (i.e. superoxide) accompanied by the induction of mRNA expression for 
gp91phox, a catalytic subunit of NADPH oxidase. The macrophages phagocytose the virus-
infected chorion cells undergoing apoptosis. It has been known that the production of 
superoxide by macrophages is stimulated as a result of the phagocytotic reaction. Superoxide 
produced by macrophages phagocytosing the virus-infected chorion cells may spread the 
damage in the fetal membranes as defensive barriers because ROS is responsible for the 
induction of apoptosis in the cells. These pathways represent part of the mechanism for 
pathological outcomes of intrauterine influenza virus infection during pregnancy. Therefore, 
the virulence of influenza virus on the fetal membranes may be responsible for the pregnancy 
complications during intrauterine infection with the virus. On the basis of this hypothesis 
described here, anti-inflammatory drugs and superoxide scavengers, which possess anti-
influenza virus activity, can be potential candidates for a drug of choice for pregnancy 
complications associated with intrauterine influenza virus infection (Uchide and Toyoda, 
2008a, 2008b). 
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Abstract 
 

Bad obstetric history (BOH) implies previous unfavorable foetal outcome in terms of 
two or more consecutive spontaneous abortions, history of early neonatal death, 
intrauterine growth retardation, stillbirths, intrauterine fetal death and/or congenital 
anomalies. Recurrent pregnancy wastage due to maternal infections transmissible in 
utero at various stages of gestation can be caused by a wide array of organisms that 
include Toxoplasma gondii, rubella virus, cytomegalovirus, herpes simplex virus and 
other agents. 

Herpes simplex virus (HSV) is classified in the alpha virinae subfamily within the 
family Herpesviridae. Two closely-related viruses are designated HSV types 1 and 2. 
Both can be transmitted in utero to fetus, with more complications associated with herpes 
simplex 2.  

Another important viral cause of BOH is cytomegaloviruses (CMV). Cytomegalo-
viruses are ubiquitous and species-specific. Humans are believed to be the only reservoir 
of this virus, and transmission occurs by direct or indirect person-to-person contact. 
Vertical transmission can lead to serious congenital infections.  

Rubella virus causes serious disease after vertical transmission. Most maternal 
infections remain subclinical or cause a trivial infection that may remain unrecognized. 
Its vaccination coverage is not sufficient throughout the world, so new cases are still 
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reported. Clinical diagnosis of rubella is difficult and unreliable, as rubella virus infection 
can be asymptomatic in up to 50% of infected patients.  

Several modalities are available for the diagnosis of those infections. The benchmark 
method is viral culture. Serology can establish current and past infection. Recently, 
molecular techniques have become available for rapid diagnosis. 

Testing of pregnant women for HSV, CMV and rbella antibodies is usually done 
with a type-specific assay for their antibodies.  

The objective of the present study was to explore the prevalence of herpes simplex 
virus 2, cytomegalovirus and rubella in pregnant with repeated spontaneous abortions 
(RSA) in first trimester. The diagnosis was performed by polymerase chain reaction, 
serological study for specific immunoglobulins G and M for herpes simplex 2 and 
cytomegalovirus and rubella. There was also an attempt to discover the accuracy of 
serological diagnosis for herpes simplex 2 and cytomegalovirus compared to polymerase 
chain reaction. 

Patients recruited in the study were complaining of repeated first trimester abortions 
without obvious medical or gynecological etiology. Laboratory screenings for 
immunoglobulin M for toxoplasmosis were negative. The study also included pregnant 
women with normal obstetric history as a control group. Complete medical and obstetric 
evaluations were performed for patients and control subjects. Furthermore, specific 
virological diagnosis was performed to measure specific immunoglobulins M and G for 
CMV and herpes simplex 2 by enzyme linked immunosorbant assay with detection of 
their DNA in maternal serum by polymerase chain reaction. Diagnosis of rubella was 
performed by measurement of specific immunoglobulin M by enzyme linked 
immunosorbant assay.  

There was a statistically significant difference between the RSA group and the 
pregnant women without RSA in frequency of rubella IgM (44.7%), herpes simplex IgM 
(39.1%) and CMV 10.9% (P < .001) . However, there was insignificant difference in IgG 
for herpes simplex 2, CMV and rubella between patients and control. Herpes simplex 2 
viremia was positive in 26% RSA and cytomegalovirus was positive in 10.9% RSA 
patients. There was a significant association between viremia for cytomegalovirus and 
herpes simplex 2 (P<0.009). 

 The present study highlights the significant association of rubella, herpes simplex 
and cytomegalovirus with bad obstetric history. There may be persistence of rubella virus 
related to repeated early abortions. Moreover, combined viral infections in those patients 
were found that could even further aggravate intrauterine infections. The study allows the 
idea that serological tests for IgM are a rapid and accurate method for laboratory 
diagnosis. 
 
Keywords: bad obstetric history, repeated spontaneous abortion, rubella, herpes 

simplex 2, cytomegalovirus 
 
 

Introduction 
 
Recurrent spontaneous abortion (RSA) is defined as three or more consecutive pregnancy 

losses prior to the 20th week of gestation. The etiology of recurrent spontaneous abortion is 
often unclear and may be multifactorial, with much controversy regarding diagnosis and 
treatment. Reasonably accepted etiologic causes include genetics; anatomical, endocrine, and 
placental anomalies; hormonal problems; infection; smoking and alcohol consumption; 
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exposure to environmental factors; psychological trauma and stressful life event; and certain 
coagulation and immunoregulatory protein defects. Detection of an abnormality in any of 
these areas may result in specific therapeutic measures, with varying degrees of success [1]. 

Several viruses are implicated as etiological infectious factors for RSA. Among those 
viruses is herpes simplex virus (HSV). Herpes simplex virus is classified in the alpha virinae 
subfamily within the family Herpesviridae. Two closely-related viruses are designated HSV 
types 1 and 2. HSV-1 is the usual cause of orolabial infection (gingivostomatitis or herpes 
labialis), whereas HSV-2 is the major cause of genital infection. However, either virus can 
infect either location [2-5]. 

Several modalities are available for the diagnosis of HSV infections [6-8]. The 
benchmark method is viral culture, but it is available in reference laboratory. Serology can 
establish current and past infection with HSV. It has also been used in research studies of the 
epidemiology of HSV and is very useful in unusual clinical situations [9, 10]. The antibody 
response to HSV glycoprotein G (gG) is highly specific, and gG-based assays can accurately 
determine whether individuals have past infection with HSV-1 and/or HSV-2 [11-13]. 

Because genital HSV-2 infection is much more likely to recur than genital HSV-1 
infection, the presence of antibody to HSV-2 and a compatible clinical history would be 
strong presumptive evidence that the disease was recurrent genital herpes [13, 14]. 

Testing of pregnant women for HSV antibodies is usually done with a type-specific assay 
for HSV antibodies [15]. Studies of neonatal HSV infections have generally shown that most 
infected infants are born to women who have no clinical history of recurrent genital herpes 
but who are HSV-2 antibody positive at term [16]. Early identification of these women by 
serologic testing might be used as part of a strategy to prevent some perinatal transmission of 
HSV.  

It is generally agreed that identification of both unrecognized HSV-2-positive pregnant 
women and pregnant women who are HSV antibody negative but in danger of becoming 
infected is essential [17]. 

When a primary HSV-2 infection is contracted during pregnancy, the fetus is at high risk 
of acquiring HSV-2 infection at delivery. In the study population of almost 200 infants, an 
estimated 5% of neonatal HSV infections were intrauterine [18]. 

Detection of HSV IgM antibody in cord blood obtained by cordocentesis and in the 
blood of the neonate during the first week of life is also diagnostic of in-utero HSV infection 
[19].  

 Another virus implicated in bad obstetric history is rubella virus. Rubella is usually 
presented as mild disease with few complications. However, when acquired in the first 12 
weeks of pregnancy, it usually results in congenital infection associated with one or more 
severe defects in 80% to 90% of cases. When maternal infection occurs between 13 and 20 
weeks, the risk of congenital anomalies declines to about 17%; in some cases, there is 
serological evidence of infection, but no virus is excreted and no anomalies occur [20].  

As a result of effective immunization programs, postnatal acquired rubella and 
congenitally acquired rubella (CAR) have become rare in countries such as the United States 
and the United Kingdom, although outbreaks of rubella, including cases among pregnant 
women, have recently occurred in these countries [20, 21]. However, in many European 
countries, which have yet to achieve good vaccination coverage, rubella continues to occur in 
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pregnant women [22]. Studies suggest that congenitally acquired rubella is responsible for 
such congenital defects as blindness and deafness in developing countries, and this imposes a 
considerable burden on scarce health care resources [23]. Moreover, vaccination programs 
are not adequately inserted with a booster immunization dose for young girls found to be 
negative for rubella antibodies. 

Cytomegalovirus (CMV) is another virus that can cross the placenta and cause both fetal 
and placental infections. Most congenital infections are asymptomatic; only 10% of fetuses 
infected in utero will develop clinical signs of CMV infection. Studies have shown that 
infants congenitally infected with CMV as a result of primary infection of their mothers are 
more likely to have overt squeal than those infected from reactivated infections of the 
mothers [24, 25].  

Transmission of CMV infection to the fetus has been identified in all trimesters of 
pregnancy. Abortion can result from ascending CMV endometritis and the virus has been 
isolated from post-abortion uterine discharge [26]. The usual manifestations of overt CMV 
infection at birth are hepatosplenomegaly, jaundice, thrombocytopenia and various congenital 
malformations, especially those involving the central nervous system [27]. Universal 
screening of pregnant women for CMV infection during an early prenatal visit is not yet 
recommended worldwide. 

The objective of the present study was to explore the prevalence of herpes simplex virus 
2, cytomegalovirus and rubella in pregnant with repeated spontaneous abortions (RSA) in 
first trimester. The diagnosis was performed by polymerase chain reaction, serological study 
for specific immunoglobulins G and M for herpes simplex 2 and cytomegalovirus and 
rubella. There was also attempt to discover the accuracy of serological diagnosis for herpes 
simplex 2 and cytomegalovirus compared to polymerase chain reaction. 

The patients were recruited from an obstetric outpatient clinic at the Mansoura University 
Hospital, Egypt. Two different groups were evaluated. The first group (n =92) consisted of 
patients with medically unexplained recurrent spontaneous abortions (RSA) (women with a 
history of 3 or more consecutive spontaneous abortions including abortions up to 22 
gestational weeks). The second group (n = 12) consisted of pregnant women without a history 
of RSA and with pregnancy duration of more than 32 weeks’ gestation. The demographic, 
medical, and clinical data were collected in each case based on personal interviews and 
medical examination. The women signed an informed consent before they were included in 
this study. The study was approved by the ethics committee of Mansoura University, Egypt. 

Blood samples were obtained from each patient and centrifuged, and the sera were kept 
frozen in aliquots at -20°C until analysis. Serologic study was performed for rubella, HSV-
1/HSV-2, and CMV for specific qualitative IgG and IgM by enzyme linked immunosorbant 
assay (ELISA-Equipar Via G, Ferrari, Saronno, Italy). 

Polymerase chain reaction (PCR) was performed for each patient and control to detect 
specific DNA of CMV and HSV-1/HSV-2 (Experteam Di De Bortoli Angelo and CSAS, 
Spain). 

QiAamp DNA mini kit was used for DNA extraction of CMV (GmbH, Hilden, 
Germany). For each sample, we prepared the following mixture: buffer (2.5 μL), 
deoxynucleoside triphosphates (2.5 μL), primer P1 (1.0 μL), primer P2 (1.0 μL), Taq 
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polymerase (0.3 μL), distilled water (7.7 μL), extracted DNA solution (10 μL), and overlaid 
mineral oil (30 μL).  

PCR for detection of major immediate-early gene MIE region was performed as 
described. The nested primers of mtr II, wereCMTR (5/CTG TCG GTG ATG GTC TCT TC-
/3) and CMTR (5/ CCC GACACG CGG AAA AGA AA /3) for the first round and CMTR 
3(5/TCT CTG GTC CTG ATC GTC TT /3) and CMTR 4 (5/ GTG ACCTAC CAA CGT 
AGG TT /3) for the second round [28].  

Amplification program was 94°C for 1 minute, 30 cycles (55°C for 1 minute, 72°C for 1 
minute). Following PCR, the amplicon (221 bp) for CMV was resolved on a 1.5% agarose 
gel, visualized using ethidium bromide (0.5 μg/ mL) under ultraviolet illumination. 

For detection of HSV-1/HSV-2 DNA, multiplex nested PCR was used. DNA was 
extracted with the commercially available Qiagen kit (GmbH, Hilden). Primers were 
designed to bracket a well-conserved region in the DNA polymerase gene. Primer pair 
HSVP1 (5/-GTGGTGGACTTTGCCAGCCTGTACCC-/3) and HSV-P2 (5/-
TAAACATGGAGTCCGTGTCGCCGTAGATGA-/3) were used to amplify HSV-1 and 
HSV-2 [29]. Taq (0.25 μL) and extracted DNA (10 μL) were added to each premixed 
supplied tube. Negative control was analyzed by adding sterile distilled water instead of 
DNA and positive control was performed by 5.0 μL of HSV-1 positive control and 5.0 μL of 
positive control HSV-2 DNA.  

The following program was used for the thermal cycle for the first amplification: 1 cycle 
at 94°C for 2 minutes, 35 cycles (94°C for 30 seconds, 56°C for 30 seconds, 72°C for 30 
seconds), and 1 cycle at 72°C for 5 minutes. 

For the second amplification we added 1 μL from the amplified DNA and 0.25 μL of Taq 
polymerase in premixed tubes supplied with the kit. The program used in the thermal cycles 
was 1 cycle at 94°C for 2 minutes, 30 cycles (of 94°C for 30 seconds, 58°C for 30 seconds, 
72°C for 30 seconds), and 1 cycle at 72°C for 5 minutes.  

Following PCR, the amplicon (137 bp for HSV-1 and 100 bp for HSV-2) was resolved 
on a 1.5% agarose gel and visualized using ethidium bromide (0.5 μg/mL) under ultraviolet 
illumination. 

Values were represented as means ±SD, median (range), or the number of subjects and 
proportions. One-way analysis of variance test and independent samples Student t test were 
used for group comparisons of normally distributed variables, and the Kruskal-Wallis test and 
Mann-Whitney U test were used for comparisons of variables with skewed distribution. The 
chi-square test was used to compare proportions. 

Ninety-two patients with a history of recurrent abortions and 12 pregnant women without 
a history of recurrent abortions were studied. All studied cases were in the first trimester. The 
mean age ± SD of the patients was 28.8± 5.61 years and the mean± SD age of the control 
group was 29.2± 6.25 years with a statistically insignificant difference between both groups 
(P =0.80). The range of gravidity between both groups was 2 to 7 times. 

In the study of serologic responses for the viruses in RSA, IgM for rubella had the 
highest rate (44.7%), followed by HSV-1/HSV-2 IgM (39.1%), and CMV IgM (10.9%) while 
for IgG the highest rate was for HSV1/2 IgG (54.3%), CMV 38% followed by rubella IgG 
32.6%. In control subjects the highest rate was for rubella IgG and CMV 75% followed by 
HSV1/2 58%.  
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There was a statistically significant difference between the patients group and the control 
group in prevalence of rubella IgM and IgG (P = .001, P <0.05, respectively) HSV-1/HSV-2 
IgM (P=0.001) and CMV IgM and IgG (P = .001, P <0.05, respectively) and insignificant 
difference for HSV IgG , P>0.05 (Table 1). 

Polymerase chain reaction study for viral DNA, HSV-2 was positive in 24 RSA (25%), 
and CMV DNA was detected in 10 RSA (10.9%) patients. There was a statistically 
significant difference between RSA patients and pregnant women without RSA for CMV 
PCR and HSV-2 PCR (P = .002 and P = .02, respectively) (Table 2). Moreover, there was 
statistically significant association between positive IgM for herpes simples and CMV 
(P=0.009) and between viremia of HSV2 and CMV (P=0.013) (Table 3). 

 
Table 1. Serological study for rubella, herpes simplex 1/2 and cytomegalovirus 

 
 Patients Control P 

No. % No. % 

Rubella IgM 

Rubella IgG 

Herpes simplex 1/2IgM 

Herpes simplex 1/2 IgG 

CMV IgM 

CMV IgG 

42 44.7% 0 0% P=0.001 

30 32.6% 9 75% P<0.05 

36 39.1% 0 0% P=0.001 

50 54.3% 7 58% P>0.05  

10 10.9% 0 0% P=0.001 

35 38% 9 75% P<0.05 

 
Table 2. Polymerase chain reaction (PCR) results of DNA detection for 

cytomegalovirus (CMV) and herpes simplex virus 1/ 
herpes simplex virus 2 (herpes 1/2) 

 
Virus detection by PCR Patients Control 

No. % No. % 

Herpes simplex 2 

CMV 

26% 0 0% x2=9.39 P=0.002 

10 10.9% 0 0% x2=1.59 P=0.2 

 
Table 3. Association between virological markers for CMV and HSV 

 
CMV and HSV IgM 

CMV and HSV2 DNA 

P=0.009 

P=.013 

The sensitivity of HSV-2 IgM was 100%, specificity was 91.3%, positive predictive 
value was 80%, and negative predictive value was 100%. The sensitivity, specificity, positive 
predictive value and negative predictive value of CMV IgM was 100% for each compared 
with PCR (Table 4). 
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Table 4. Values of serological markers for herpes simplex 2 and cytomegalovirus 
compared with polymerase chain reaction 

 
 Sensitivity, % Specificity,% Accuracy, % 

 

Positive 
Predictive 

Value, % 

Negative 
Predictive 

Value, % 
Herpes 2 IgM  

CMV IgM  

100 

100 

91.3 

100 

93.5 

100 

80 

100 

100 

100 

 
Rubella was the first virus demonstrated as a teratogen. There is a high risk for 

developing congenital rubella syndrome (CRS) if the infection occurs in the first part of 
pregnancy, particularly in women without specific immunological protection [30].  

Infection with rubella virus was endemic worldwide until the advent of rubella 
immunization in the early 1980s. Most vaccines used currently contain the RA 27/3 strain, 
which induces long-lasting immunity, as an antibody response is detectable for >20 years in 
95% of patients [31]. Because rubella vaccination coverage is not sufficient throughout the 
world, rubella cases are still reported, especially in less developed countries. 

In our study, the highest frequency of viral markers in RSA was for rubella virus, 
followed by HSV 1/2 and CMV IgM in RSA patients. In India, various rates for rubella and 
CMV IgM were reported with ranges from 11% and 3.6% to 28.6% and 26.7%, respectively 
[32, 33, 34].  

In Russia, a high prevalence rate of antibodies for rubella (59.8%) and for CMV (81.1%) 
was reported by Odland et al., 2001 [35]. In the United States, the number of cases of rubella 
has decreased 99%, from 57,686 cases in 1969 to 271 cases in 1999 [36]. The discrepancy 
between results of serologic tests in various studies for the studied viruses might be the result 
of the differences of the studied populations, in addition to the difference in practice of 
rubella immunization among developed and less developed countries. As rubella virus 
continues to circulate, surveillance and control strategies need further optimization [37].  

Diagnosis of primary rubella infection rests on detection of specific IgM antibodies. The 
presence of rubella-specific IgM antibodies must be interpreted with caution: Specific IgM 
antibodies may occur following reinfection, and there have also been reports of rubella-
specific reactivity in sera collected after infections with other viruses. In some cases, the 
presence of rubella-specific IgM antibodies cannot be ascribed to any of the reasons above 
and remains completely unexplained [38]. 

The lower rate of positive CMV IgM in the present study could be attributed to the fact 
that primary CMV infection is usually acquired during childhood, so the serosusceptibility 
and the risk of primary infection is lower during pregnancy than with other viruses [39].  

On the other hand, high seroprevalence to herpes simplex virus 1/2 was found in this 
study. High prevalence rates were reported in various studies, from 32% to 80% in women 
with recurrent abortions [40,41]. It seems that the state of pregnancy predisposes to HSV 
reactivation, so pregnant females either with recurrent abortions or with normal pregnancy 
display serologic markers of HSV reactivation [42]. However, in our study there was a 
significant increase of HSV in patients with recurrent abortions compared with pregnant 
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patients without recurrent abortions, which denotes that HSV may predispose to this 
condition. 

Fragmentary evidence suggests that trophoblast viral infections may play a role in 
placental dysfunction, leading to complications including spontaneous miscarriage, 
preeclampsia, fetal growth restriction and preterm birth [43]. It is concluded that in utero 
infection and the associated cytokine up-regulation are responsible for many cases of 
unexplained fetal and neonatal loss [44].  

We found a statistically significant increase of IgG for rubella and herpes simplex in 
control subjects compared with patients. Nevertheless, the rate of immunoglobulin G for 
rubella was less than other studies carried out in Turkey [45] and in the United States [46]. 
This might denote the need for strict implementation of immunization of young girls and their 
examination for the presence of effective neutralizing antibodies to the rubella virus. It may 
be even beneficial to recommend postpartum immunization for pregnant women with no 
immune response to rubella [47]. 

There was a significant association between herpes simplex and cytomegalovirus 
infections. A previous study reported that PCR analysis of biopsy specimens of the maternal-
fetal interface revealed that DNA sequences from cytomegalovirus were commonly found 
with those of herpes simplex viruses and pathogenic bacteria [48]. 

Cytomegalovirus DNA and infected cell proteins were found more often in the decidua 
than in the placenta, suggesting that the uterus functions as a reservoir for infection. In 
women with low neutralizing titers, cytomegalovirus replicated in diverse decidual cells and 
placental trophoblasts and capillaries. 

In women with intermediate to high neutralizing titers, decidual infection was suppressed 
and the placenta was spared. Overall, cytomegalovirus virions and maternal immunoglobulin 
G were detected in syncytiotrophoblasts, villus core macrophages, and dendritic cells. These 
results suggest that the outcome of cytomegalovirus infection depends on the presence of 
other pathogens and coordinated immune responses to viral replication at the maternal-fetal 
interface. In healthy adults, CMV reactivation is controlled predominantly by T cells which 
are underrepresented in the decidual leukocyte population in pregnant women. The cytokine 
milieu also diminishes adaptive responses to pathogens, presenting an opportunity for viral 
infection and/or bacterial colonization [48]. 

The serological study of HSV 2 and CMV IgM in diagnosis of active infections were 
sensitive, specific and accurate. Similar results were reported by Xu et al. (1993) [49] for 
CMV IgM and by El Sayed Zaki and Goda (2007) [50] for both CMV and HSV IgM. . 

 
 

Conclusion 
 
The present study highlights the significant association of rubella, herpes simplex and 

cytomegalovirus with bad obstetric history. There may be persistence of rubella virus related 
to repeated early abortions. Moreover, combined viral infections in those patients were found 
that could even further aggravate intrauterine infections. The study gives an idea that 
serological tests for IgM are a rapid and accurate method for laboratory diagnosis of HSV2 
and CMV compared with polymerase chain reaction. 
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Chapter 5 
 
 
 

Appendicitis during Pregnancy: A 
Serious Disease and a Diagnostic 

Problem 
 
 

L. Penninga* and E.I. Penninga 
 
 

Abstract 
 

The incidence of appendicitis during pregnancy is equal to that in the normal 
population. However, during pregnancy appendicitis may occur with a variety of clinical 
presentations, thereby causing severe diagnostic difficulties, especially during the second 
half of gestation. As a result, appendicitis during pregnancy is associated with an 
increase in perforation rate, morbidity and mortality compared to that in the normal 
population. In addition, it may cause pre-term birth and/or fetal loss.  

In this chapter we review diagnostic and treatment strategies and complications of 
appendicitis occuring during pregnancy 
 
Keywords: pregnancy, appendicitis, infectious diseases 
 
 

Introduction 
 
Acute appendicitis is caused by inflammation of the vermiform apppendix and usually 

causes pain in the right lower abdominal quadrant, referred rebound tenderness, overlying 
muscle spasm and cutaneous hyperesthesia. The disease is common and occurs with an 
annual incidence of 0.25% in the normal population, and there is a lifetime risk for acute 
appendicitis of 7–9% (Rothrock). As appendicitis occurs with a high incidence in the second 
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and third decade of life, it also occurs frequently during pregnancy, and the incidence of 
appendicitis during pregnancy is equal to that in the non-pregnant population (Maslovitz).  

Unfortunately, appendicitis during pregnancy is associated with an increase in morbidity 
and mortality compared to that in the normal population, and often causes diagnostic 
difficulties.  

In this chapter we review history, incidence, diagnostic and treatment strategies of 
appendicitis during pregnancy. Furthermore, we discuss maternal morbidity and mortality 
and the possible consequences for the fetus. 

 
 

History 
 
Berengarius Carpus, professor of surgery in Bologna and Pavia, was the first to describe 

the appendix in the year 1522. He spoke of a certain ‘additamentum’ at the end of the caecum 
with a breadth less than the smallest finger of the hand and a length of three inches or 
thereabouts (McCarthy). In 1579, Fallopius was the first to compare the appendix with a 
worm, and during the following centuries the anatomy of the appendix was described in more 
detail (McCarthy). McBurney contributed in 1889 his classical sign of the diagnosis of 
appendicitis, and since the 1890s the history of appendicitis consists of refinement in 
treatment and diagnosis. The first case of appendicitis during pregnancy was described in the 
1840s by Hancock (Hancock). A century ago, Balber wrote his paper in which he reported 
about 200 pregnancies complicated by appendicitis (Balber). In this group there was a 
maternal mortality of 24% and a fetal mortality rate of 40% (Balber). Currently, a few 
hundred articles are found dealing with appendicitis during pregnancy. Sir Zachary Cope 
once stated ‘the diagnosis of appendicitis (in non-pregnant patients) is usually easy’; 
however, he added ‘but there are difficulties which need to be discussed’ (Beasley). Now we 
know that pregnancy certainly is one of those difficulties. Borgstein and colleagues have 
called acute appendicitis ‘a clear-cut case in men, and a guessing game in young women’ 
(Borgstein). And we can only add that appendicitis in pregnant women is a mystery wrapped 
in an enigma.   

 
 

Incidence  
 
Approximately 1 in 500 pregnancies is complicated by non-obstetric surgical problems 

(Jackson). Appendicitis is the most common non-obstetric surgical disease occuring during 
pregnancy, and it accounts for 25% of surgeries for non-obstetric complications in 
pregnancy, followed by cholecystitis and bowel obstruction (Andersen, Al-Mulhim, 
Dietrich). In the literature several studies describe the incidence of appendicitis during 
pregnancy: Maslovitz et al. reviewed 40,112 deliveries and found an incidence of 
appendicitis of 1/2,111 (Maslovitz); Babaknia et al. reviewed 503,496 deliveries and found 
an incidence of appendicitis of 1/1,500 (Babaknia); Tamir et al. reported an incidence of 
1/1,400 in a review of 73,000 deliveries (Tamir); Gomez et al. found an incidence of 1/1,258 
in a review of 76,608 deliveries (Gomez); Eryilmaz et al. described an incidence of 1/1,312 
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in a review of 31,480 deliveries (Eryilmaz); and, finally, Andersen et al. found an incidence 
of 1/766 pregnancies (Andersen). Some studies report that appendicitis occurs with equal 
frequency in each trimester of pregnancy, though others have found an overpresentation in 
the second trimester of pregnancy (Brown, Yilmaz). The perforation rate of appendicitis 
during pregnancy (43%) is much higher than that in the normal population (4–19%) (Tamir). 
This probably reflects the problems in diagnosing the disease, and maybe the reluctance to 
operate on pregnant patients. Of note, perforation of the appendix occurs twice as often in the 
third trimester (69%) compared to the first and second trimesters (Jackson). 

 
 

Anatomical Appendiceal Displacement 
 
In non-pregnant patients, classically the tenderness of acute appendicitis is localized over 

McBurney’s point, until rupture and generalized peritonitis supervene. McBurney reports, 
‘…I believe that in every case the seat of the greatest pain, determined by the pressure of one 
finger has been very exactly between an inch and a half and two inches from the anterior 
spinous process of the ilium on a straight line drawn from that process to the umbilicus. This 
may appear to be an affection of accuracy, but, so far as my experience goes this observation 
is correct’ (McBurney, 1890). Displacement of the appendix during pregnancy from 
McBurney’s point has been discussed in the literature: In 1932 Baer et al. performed 
radiological studies with barium enemas to confirm that during pregnancy anatomical 
displacement of the appendix occurs (Baer, Eryyilmaz). Bear’s study showed that during the 
first trimester, the appendix had the same anatomical position as before pregnancy; however, 
at five months of pregnancy the appendix is placed at the iliac crest level, and rises above this 
level during the last trimester of pregnancy, which, according to Baer, might explain why 
some pregnant patients present with pain in the right upper quadrant (Baer, Eryilmaz). Seven 
decades later, Hodjati and colleagues performed a study in which they questioned Baer’s 
statement that the appendix displaces during pregnancy (Hodjati). In their study, Hodjati et 
al. studied the position of the appendix in non-pregnant and pregnant patients undergoing 
appendectomy, and in pregnant patients undergoing caesarean section (Hodjati). This study 
showed that during surgery the appendix was located more than 8 cm from McBurney’s point 
in 26% of the pregnant patients undergoing a ceasarean section, in 6% of the pregnant 
women undergoing appendectomy between 19 and 39 weeks of pregnancy and in 17% of 
non-pregnant patients undergoing appendectomy. From their study Hodjati concluded, 
opposite to Baer, that displacement of the appendix during pregnancy from McBurney’s point 
is very limited (Baer, Hodjati).  

 
 

Diagnostic Features 
 
The most common symptoms of appendicitis during pregnancy are abdominal pain 

(100%), nausea (88%) and vomiting (83%). Diagnosis of appendicitis during pregnancy is 
difficult, because many of these classical symptoms are normal during pregnancy. In 
addition, some patients may lack symptoms and signs of appendicitis, and diagnosis may be 
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delayed. In general, nausea and vomiting are unreliable symptoms during pregnancy; 
however, the occurrence of these symptoms after the first trimester of pregnancy warrants a 
thorough investigation (Maslovitz). Also, new-onset abdominal pain should be taken 
seriously. Abdominal pain due to appendicitis during pregnancy is often less characteristic 
compared to abdominal pain in non-pregnant patients with appendicitis. Generally, 
abdominal pain is less useful in the diagnosis of appendicitis during pregnancy than 
abdominal pain in non-pregnant patients with appendicitis. It has been stated that all patients 
with appendicitis during pregnancy had had pain in the right lower quadrant of the abdomen 
at some period of time. Approximately 70% of patients will have rebound, referring 
tenderness, which is not normally encountered during regular pregnancy. One study found 
that patients who presented with diffuse or periumbilical pain which later migrated to the 
right lower quadrant of the abdomen had a significantly higher chance to have appendicitis 
compared to those who had a normal appendix at operation (Andersen). 

Interestingly, Kurtz et al. found that a positive Bryan’s sign (abdominal pain caused by 
shifting a pregnant uterus to the right) was the most reliable sign of appendicitis during 
pregnancy (Kurtz). Rectal or pelvic pain may not be present due to enlargement of the uterus 
which displaces the appendix away from the rectum and pelvis (Dietrich). Perforation of the 
appendix should be suspected in patients where the pain changes from localized tenderness to 
pain with a more diffuse nature. Patients who present with back, flank or leg pain or 
leginfection during pregnancy might have a retrocoecal located inflammed appendix 
(Penninga). It is generally acknowledged that diagnosing appendicitis becomes more difficult 
as pregnancy enhances (Maslovitz, Tracy). During pregnancy the appendix moves away from 
the abdominal wall due to the growing uterus. This may decrease abdominal pain and 
referred rebound tenderness, and increase diagnostic difficulties. In addition the pregnant 
uterus prevents omental isolation of the inflammatory process (Tracy, Stone).  

 
 

Infectious Signs and Laboratory Testing 
 
Pregnancy is associated with a physiologic increase in maternal blood volume that 

diminishes the womens ability to demonstrate tachycardia and hypotension (Stone). Fever is 
not useful in diagnosing appendicitis, but an elevation in body temperature may predict 
perforation of the appendix (Maslovitz). During pregnancy leucocytosis may occur with an 
increase in neutrophils; however, neither an increase in leucocytes nor any other laboratory 
value has been found to be useful and reliable in diagnosing appendicitis during pregnancy 
(Stone, Tracy, Andersen). 

 
 

Radiological Imaging 
 
Radiological imaging might be beneficial in diagnosing appendicitis during pregnancy. 

Ultrasonography is the preferred imaging investigation during pregnancy (Melnick). The 
method is cheap and safe and it has a high specificity when a pathological appendix is found. 
Ultrasonography has been used in large series in non-pregnant patients with a sensitivity of 
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75% to 89% and a specificity of 86% to 100% (Borgstein). In addition, ultrasonography is 
the most accurate investigation to identify a periappendiceal abcess, however it is less 
sensitive in identifying a ruptured appendix (Dietrich). Ultrasonography is most accurate in 
the first and second trimester of pregnacy, and less accurate in the third trimester of pregancy 
due to the enlarged uterus.  

Magnetic resonance imaging (MRI) is also used in diagnosing appendicitis during 
pregnancy. The method has a high sensitivity and specificity, and as ultrasonography has the 
advantage of non-ionizing radiation, and should therefore be considered safe. In addition, 
unenhanced focused single-detector helical CT scanning has also been used for diagnosing 
appendicitis during pregnancy. This method has the advantage of limited ionizing radition 
compared to normal CT scanning. Although there is limited data, than unenhanced focuse 
single-detector helical CT scanning was found to have the same sensitivity and specificity as 
ultrasonography, but at the moment has no established role in the diagnostics of appendicitis 
during pregnancy.  

 
 

Treatment Strategy and Outcome 
 
Early surgical treatment is of major importance to avoid the complications associated 

with perforation of the appendix. A 66% perforation rate has been reported when surgery is 
delayed by more than 24 hours compared to no perforations when surgical management is 
initiated within 24 hours after presentation (Tamir). Balber noticed this already in the 
beginning of the 20th century and he wrote ‘The mortality of appendicitis complicating 
pregnancy is the mortality of delay’ (Balber).  

The ‘early and aggressive’ surgical treatment approach is also one of the reasons that 
appendicitis during pregnancy has a low diagnostic accuracy compared to the non-pregnant 
population. Twenty-five percent of the pregnant women who underwent surgery during 
pregnancy under the suspicion of appendicitis turn out to have a normal appendix, and in 
some studies even up to 50% turn out to have a normal appendix.  

Pregnant patients with appendicitis can be operated on by both an open and laparoscopic 
approach (Al-Fozan, Carver). Possible benefits of laparoscopic surgery are decreased 
postoperative narcotic requirements, which might cause less fetal depression, fewer wound 
complications, decreased postoperative maternal hypoventilation and faster maternal 
recovery. Possible risks of laparoscopic surgery are premature labor (due to an increased 
intraabdominal pressure), decreased uterine bloodflow and uterine injury and the negative 
effects of a carbondioxide pneumoperitoneum (Neudecker). Several animal studies performed 
in the third trimester of pregnancy have shown that a carbondioxide pneumoperitoneum 
causes fetal acidosis and an increase in fetal heart rate and blood pressure; however, these 
effects seem not to be clinically significant (Hunter, Reynolds).  

In general there has been a tendency to choose the open surgical approach as pregnancy 
advances. Lyass et al. showed nevertheless that the laparoscopic appendectomy approach is 
technically feasible in all trimesters of pregnancy and associated with the same known 
benefits of laparoscopic surgery that non-pregnant patients experience, and no maternal 
mortality and/or fetal loss was seen in their study (Lyass). In contrast to Lyass et al., McGory 
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et al. found a significantly higher risk of fetal loss in patients undergoing laparoscopic 
appendectomy (7%) than in patients undergoing open appendectomy (3%) (McGory). During 
recent years, as laparoscopy has generally advanced, there has also been a trend towards more 
laparoscopic procedures than open procedures in patients with appendicitis during pregnancy. 
In patients with advanced gestation undergoing laparoscopic appendectomy it is 
recommended to perforate the peritoneum and to insert the first trochar under direct 
visualisation (‘Hasson’ technique) to avoid perforation of the enlarged uterus (Jackson). 
Alternatively, ultrasound guided trochar placement has been described to avoid uterus 
perforation (Jackson) 

 
 

Maternal Morbidity and Mortality and Fetal Loss 
 
Perforation of the appendix is a major risk factor for maternal morbidity. Yilmaz et al. 

found a significant difference between patients with a perforated and non-perforated 
appendix in the rate of complications (52% vs. 17%) (Yilmaz). Earlier reports have described 
maternal mortality due to appendicitis during pregnancy and some years ago a maternal 
mortality of about 4% was common, but fortunately, in the Western world, maternal mortality 
has almost disappeared during the past few years.  

Uncomplicated appendectomy has a 3% to 5% fetal loss rate with minimal maternal 
mortality. However, perforation of the appendix is associated with a 20% to 37% fetal loss 
rate, which has been used to justify early surgical intervention. In addition to fetal loss, 
appendectomy in pregnant patients causes preterm early delivery in 7–45% of the patients. 
Preterm delivery occurs most frequently in the first postoperative week (Mazze). Risk factors 
associated with preterm labor are advanced gestational age, interval between symptom onset 
and operation, and white blood cell count (Yilmaz). Surprisingly, one study found a preterm 
early delivery rate of 10% in patients undergoing surgery but with a normal appendix, 
compared to 11% in patients with a complicated appendicitis. The authors explain this by the 
fact that many of the women who were found to have a normal appendix during surgery were 
suffering from another disease that might have initiated preterm delivery. Threatened preterm 
labor might be successfully managed with tocolytic therapy (Jackson). No prophylactic effect 
of tocolytic treatment has been reported, but tocolytic treatment should be considered 
perioperatively when signs of preterm labor are present (Jackson).  

 
 

Conclusion 
 
Appendicitis is the most common non-obstetric surgical disease occuring during 

pregnancy, and it accounts for 25% of surgeries for non-obstetric complications in 
pregnancy.  

The most common symptoms of appendicitis during pregnancy are abdominal pain, 
nausea and vomiting. These symptoms are all unspecific in pregnant women, as they also 
occur in pregnant women without appendicitis. Furthermore, infectious signs and laboratory 
tests are also unreliable, which makes appendicitis during pregnancy a severe diagnostic 
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problem, and diagnosing appendicitis becomes even more difficult as pregnancy enhances. 
Ultrasonography is the radiological investigation of choice, and may be helpful in diagnosing 
appendicitis.  

Early surgical treatment is of highest importantance to avoid the risk of perforation, and 
the associated increased risk of morbidity, preterm delivery and fetal loss. Both open and 
laparoscopic surgical approaches can be used in pregnant patients. Appendectomy can be 
complicated by preterm delivery and fetal loss; however, the risk of not operating on 
suspected appendicitis is by far greater and justifies prompt surgery of any suspected 
appendicitis in pregnant patients.  

Naturally, careful history, clinical and radiological investigation are still of major 
importance in diagnosing appendicitis during pregnancy. 
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Abstract 
 

Mediastinal emphysema and subcutaneous emphysema are rare complications of 
labor. We describe a case of mediastinal and subcutaneous emphysema observed in the II 
stage of labor, otherwise known as healthy primigravida. The diagnosis was confirmed 
clinically through X-ray, and endoscopic examination in District Hospital, as well as in 
the Clinical Department of Surgery. The etiology of this condition was not established. 
The mediastinal and subcutaneous emphysema disappeared spontaneously. It was 
confirmed within 3 months by a check-up. 
 
 

Introduction 
 
Pneumomediastinum is a presence of free air within the mediastinum, which often occur 

with subcutaneous emphysema – Hamman´s syndrom. It is a rare complication of labor (its 
incidence is said to be between 1 in 100,000 and 1 in 2,000 deliveries ). The symptoms are 
noticed often after labor. 
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Objective 
 
The aim of the study was to present a case of mediastinal and subcutaneous emphysema 

observed in the II stage of labor, otherwise known as healthy primigravida. 
 
 

Description of the Case 
 
A nulliparous white woman at 39 weeks gestation was presented with contractions. Her 

pregnancy was without complications, besides not large vaginal infections. During the 
admittance examination the patient was in good condition. Gynecological examination - 
delivery in stage Ia, FHR+/- 140/min. 

After the spontaneous rupture of membranes at 11.40pm 02.03.2006 (Friday), came 
regular contractions and the delivery progress was spontaneous. The patient was transferred 
to the delivery room. 

02.04.06 at 3:00 am the patient was in good condition – mobile, used a Sako- sack, and a 
delivery-ball. Gynecological examination took place on 02.04.06 at 4:05 am – her cervix was 
fully dilated, head presentation, engaged head in pelvic inlet, and regular contractions. The 
patient pushed in sitting position on the delivery bed as well as on the delivery ball.  

Because of weak contractions, the labor was augmented with oxytocin (a flow 90ml/h ) 
at 4:50 am. In the second stage of labor, the examination revealed right side facial swelling 
which enlarged during pushing. 

On 02.04.06 (Saturday) at 5:00 am after incision of pudendum, a 3250g/54cm female 
infant was delivered. The Apgar scores were 8-9-10 at 1 and 5 minutes, respectively. 

Because of an uncompleted placenta, we carried out curettage of uterine cavity, and then 
sutured the pudendum.  

After the delivery, her obstetrical condition, temperature, pulse and blood pressure were 
normal. During the physical exam, observations affirmed massive swelling of right side of 
face with entire closure of eyelid, neck swelling and upper part of chest and massive blood 
extravasations on the skin of the face, neck and chest. 

The Patient complained of breathing capacity and discomfort in the throat. After 30 
minutes, there was a decrease of blood pressure to 70/45 mmHg and a pulse of 76/min was 
observed. Half a ampoule of Ephedrine s.c., 500ml infusion with electrolytes i.v. and oxygen 
(flow 7l/min) were ordered. The blood pressure increased to normal value, but the dyspnoea 
was still observed.  

Digital palpation showed characteristic crepitation of moving air under the skin. After 
surgical and medical consultations and chest X-ray, the pneumomediastinum and 
subcutaneous emphysema was confirmed. Laboratory investigations were in normal value. 
During the physical exam, besides the swelling of the upper part of the body, a paresis of 
right leg was observed. All pathological symptoms receded gradually. 

On 02.07.06 (Monday), the patient was transferred to University Surgical Clinic so that 
we could carry out a diagnostic treatment. In the clinic, we carried out an endoscopical, 
radiological, gynecological, neurological and laboratory diagnostics. 
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Gastroscopy: without pathology in upper part of gestational track. 
Bronchoscopy: larynx, trachea, and bronchial tree without pathology. 
Chest Tomography: the lungs without pathology. Lymph nodes were not enlarged. 

Pleural cavity was without pathology. In upper-front mediastinum – thymus. Big amount of 
air is situated in front and back of mediastinum. Many bubbles of air are visible in tissues of 
the neck and middle and upper part of the chest. 

 
Gynecological Examination: without pathology. 
Neurological Consultation: a paresis of right leg (a rehabilitation of right leg was 
ordered). 
Laboratory investigations: in norm value.  
 
The symptoms of emphysema receded gradually and the patient was transferred to county 

hospital. On 02.09.06 the patient left the hospital in good condition with recommendation of 
rehabilitation of right leg and a control gynecological examination. During control 
examination, 3 months after labor, the results were subjective, radiological, gynecological, 
neurological, and in labors without pathology. 

 

 

Picture 1. Tomogram of  the neck showing subcutaneous emphysema. 
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Picture 2. tomogram of  the chest showing mediastinal end subcutaneous emphysema. 

 

 

Picture 3. Tomogram of the chest schowing mediastinal emphysema. 
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Discussion 
 
The first reports of pneumomediastinum and subcutaneous emphysema were publicized 

in “Observations” of L. Bourgeois. The first case of pneumomediastinum with subcutaneous 
emphysema as complication of labor was described by Simmons in 1783. 
Pneumomediastinum is defined in references as mild condition but four maternal deaths have 
been reported before 1908, by which during labor occurred pneumomediastinum [1,2,3]. 
Pneumomediastinum represents the presence of air or gas within the mediastinum. 
Pneumomediastinum can present with dyspnoea and substernal chest pain, subcutaneous and 
retroperitoneal emphysema, obliteration of cardiac dullness, cyanosis, engorged veins, 
tachycardia, shock with decrease of blood pressure, pneumothorax. Spontaneous 
pneumomediastinum can present by untypical symptoms such as jaw pain during labor. 

Emphysema can be limited to mediastinum, but decreasing pressure can cause spread of 
emphysema along aorta and esophagus to retroperitoneal space or to superficial tissues of the 
neck and of the thorax and by these symptoms the diagnosis is not complicated. Occurrence 
of this disease can be limited just to mediastinum, without subcutaneous emphysema. In this 
case the diagnosis can be difficult [1,2,3,4,5,6]. Subcutaneous emphysema represents the 
presence of air in subcutaneous tissue. This symptom is also called Hamman’s syndrome 
because it was first formally described by Louis Hamman in 1939 [2]. In advanced stages of 
emphysema, it can spread through the entire body with characteristic of swelling and 
crepitation, especially on head, neck, thorax and pudendal lips. If subcutaneous emphysema 
occurs on neck, we can suppose there are pneumomediastinum, since subcutaneous 
emphysema is one of the pneumomediastinum’s symptom [1,2,4,6]. After Hamman, the 
causal mechanism depends on the transfer of air to mediastinum in four different ways: along 
superficial tissues of neck during injuries and or surgical procedures in throat-area, oral 
cavity-area or nasal sinuses-area, if trachea, bronchus or esophagus ruptures, from 
retroperitoneal space as a complication of procedures in kidneys area, or from interstitial 
tissue of lungs. Hamman considered that emphysema is a complication of injury or increasing 
of intra-alveolar pressure and spontaneous rupture of alveoli [2]. Other causes of 
Pneumomediastinum are perforation of trachea-wall, bronchus-wall or esophagus-wall during 
thorax injury, vomiting, (Boherhaave’s syndrome), vomiting during pregnancy too, 
endoskopic procedures (esophagoscopy, bronchoscop), bronchitic asthma (status 
asthmaticus), intensive cough or intensive exercise by closed glottis: during lifting the 
weights, rectal tenesmus and pushing during labor [7]. During popular endoscopic procedures 
(laparoscopy) occurs emphysema because of difference of gas pressure between abdominal 
cavity and pleural cavity. Therefore, pressure-monitoring during laparoscopy is very 
significant [6]. Diagnostic of pneumomediastinum and subcutaneous emphysema involves 
usually radiograph-examination and endoscopic-examination. They should exclude the 
perforation of alimentary tract or respiratory tract and determinate the grade of extent of 
lesions. X-ray picture can show double contour of pleura of the left heart’s margin. That 
picture should be differentiated with cardiac tamponade and induced by accumulation of fluid 
in pericardial sac. Thorax-CT can exclude pathology of respiratory tract which could be the 
cause of emphysema.. Without intensified symptoms, some authors propose to limit 
diagnostic examination to thorax x-ray with contrast medium in esophagus.  
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Pneumomediastinum and subcutaneus emphysema are seldom complications of labor. 
Just 200 cases of Pneumomediastinum with subcutaneous emphysema, as a complication of 
labor, would be described in world medical literature. Incidence of pneumomediastinum is 
said to be between 1 in 100 000 and 1 in 2000 deliveries. Appearance of pneumomediastinum 
during labor is connected with Valsalva manoeuvre which is carried out by the patient during 
pushing [2,8,9]. Some authors think that over half described cases of pneumomediastinum 
were connected with labor and probably were caused by repeated increase of intra-abdominal 
pressure[9]. 

Pneumomediastinum, as a complication of labor, occurred mainly by primiparas during 
prolonged or induced with oxytocin labor appears in the second stage of labor, although the 
symptoms were noticed after labor. Just in a few cases its appeared before and during the first 
stage of labor [8]. Pneumomediastinum, with subcutaneous emphysema, can create injury of 
the maxillary sinus. The symptoms are typically: oedema of face, neck and thorax [10]. 
Norwegians found, in world literature, one case of pneumomediastinum as a complication of 
epidural anesthesia in thoracic spine ( Th5-Th6 ) as a result of penetration of catheter to 
pulmonary cavity. They stated however that epidural anesthesia in lumbal spine during labor 
causes not pneumomediastinum [11]. Presence of free air in subcutaneous tissue and 
mediastinum does not cause a real clinical consequence and doesn’t required intensive 
treatment. 

It is very essential to exclude causes of pneumomediastinum and subcutaneous 
emphysema, such as perforation of intestinal tract or respiratory tract. In case of large and 
increasing subcutaneous emphysema, we can decompress by puncturing subcutaneous tissue 
using needles with side entrances. We can incise and preparate subcutaneous spaces on neck 
and thorax. If symptoms of pneumomediastinum become dangerous, we should make 
decompression by mediastinostomy [4]. The treatment in most cases depends on relieving the 
symptoms to administrate pain relievers and sedatives, or oxygen [8]. In case of 
diagnostication of pneumomediastinum during labor it is recommended to shorten the second 
period of labor using forceps [5]. 

 
 

Conclusions 
 
The pneumomediastinum with subcutaneous emphysema are seldom complications of 

labor, therefore we should take note of symptoms which can suggest the disease, carry out 
diagnostic that confirms pneumomediastinum, take into consideration the most common 
etiology and to monitor patient’s condition. If patient’s condition is stabile, we are confined 
to relieve the symptoms. If the symptoms increase and patient’s condition gets worse, 
surgical treatment is necessary in a specialized hospital. The etiology of pneumomediastinum of 
our patient was not explained. The pneumomediastinum underwent spontaneous regression, which was 
confirmed by a check-up. 
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Abstract 
 

Prevention of early preterm birth (<32 weeks of gestation) and of very-low-birth- 
weight infants (<1500 g) is one of the most urgent priorities of perinatal medicine. 
Ascending genital tract infection is an important preventable cause of early preterm birth. 
The protective effect of the Lactobacillus system and a low vaginal pH are important to 
maintain a normal microbial ecosystem in the lower genital tract and in the prevention of 
ascending intrauterine infections. Bacterial vaginosis, other changes in the microbial 
ecosystem and infections can lead to ascending intrauterine infection. They all often 
begin with a disturbance of this vaginal milieu—which we consider a precursor. 

We recommend an assessment of the risk of preterm birth that includes obstetrical 
history, the early detection of warning signs (including screening for pre-infection states 
or overt infection by regular determinations of the vaginal pH) and, if indicated, the 
implementation of appropriate therapeutic measures. 

Our prematurity prevention program includes measures taken by physicians and by 
midwives; “self-care” measures taken by the women themselves (preferably for all 
pregnant women); and additional special measures for women at risk. 

The self-care measures for pregnant women are additional to regular prenatal care. 
They include information about risk factors and warning signs as well as regular 
measurement of the vaginal pH by the women themselves. With this self-care, the rate of 
premature births in the up-to-now published studies could be reduced. Most interesting 
are the results concerning preterm neonates at particularly high risk: In our experience 
the rate of very-low-birth-weight infants (<1500 g) was successfully reduced from 7.8% 
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in the immediate previous pregnancy to 1.3%. In Thuringia, the rate of infants born 
<32+0 weeks was reduced from 1.36 % to 0.94%. Several health insurance companies in 
Germany are currently offering and evaluating the self-care measures for their clients. 

Further information can be found on: 
 

• General information : http://www.saling-institut.de/eng/04infoph/01allg.html 
• Prematurity Prevention Program: http://www.saling-institut.de/eng/04infoph/

02programm.html 
• Self-care measures: http://www.saling-institut.de/eng/04infoph/03selbst.html 
 
 

Introduction 
 
Preterm birth remains a major challenge, not only for perinatal medicine and the families 

of preterm neonates, but also for society as a whole. In particular, infants born before 32 
weeks of gestation and/or with a birth weight lower than 1500g are at considerably higher 
risk of mortality and morbidity than infants born at term (see Figure 1 and Table 1). 

Despite all of the progress in perinatal medicine, the rate of premature births is 
increasing. For example, in Germany, the rate of extremely preterm infants (less than 28 
weeks) increased from 0.37% in 2001 to 0.56% in 2006 [9]. This is an increase of 51%. In 
the United States there was an increase from 1.81% in 1981 to 2.0% in 2004 for preterm 
births at less than 32 weeks [10]. An increased rate of multiple pregnancies due to assisted 
reproductive technologies and an increased maternal age are considered to be responsible for 
the rising rate of preterm births. 

 

 

Figure 1. Perinatal mortality with regard to gestational weeks. 
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Table 1. Specific complications of preterm birth or low birth weight 
 
1. Perinatal morbidity and mortality  

• respiratory distress syndrome 
• intraventricular hemorrhage 
• leucomalacia 
• necrotizing enterocolitis 
• infection [1, 2, 3] 

2. Long-term sequelae 
• cerebral palsy 
• hearing defects 
• visual defects 
• epilepsy 
• neuro-developmental delay [4, 2, 6, 7] 
• subnormal weight 
• subnormal height 
• poor gross-motor function 
• poor adaptive functioning 
• behavioral problems 
• attention deficit disorder 
• learning disorders [2, 8] 
 

Another problem that is particularly relevant for developing countries is the increased 
susceptibility of preterm neonates to infection. In addition, the financial burden of preterm 
birth is high. Recently, the Institute of Medicine of the National Academies of the United 
States estimated that the cost of preterm birth is $26 billion per year in the U.S. [11]. 

 
 

Causes of Premature Birth and Late Abortions 
 
Late abortions and, in particular, very early preterm births should be considered together, 

because their etiology is often the same. But for simplicity of presentation, we will in most 
cases only use the term “preterm births”. 

“Indicated” versus “spontaneous” preterm birth: When discussing figures and causes of 
late abortions and preterm births, it is important to differentiate between “indicated” (for 
maternal or fetal indications) and so-called “spontaneous preterm birth.” In the following we 
will only discuss the latter, as—although infections may also lead to complications for the 
mother, and therefore a termination of the pregnancy may be indicated—in most cases they 
will lead to a “spontaneous” preterm birth through premature labor and/or premature rupture 
of membranes. 

Numerous causes of late abortions and preterm births have been identified. Roberto 
Romero and his colleagues introduced the term “preterm labor syndrome” and “preterm 
parturition syndrome” [12, 13, 14]. As causes, they list:  
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• infection/inflammation  
• uterine ischemia/vascular disease 
• cervical disease (primary or secondary) 
• uterine overdistension 
• abnormal allograft reaction 
• allergic phenomenon 
• abnormal endocrine function (untimely suspension of progesterone action) 
• stress 
 
The various patho-mechanisms initially follow different pathways, merge later on and 

cause changes in the cervix, leading to premature contractions and/or premature rupture of 
the membranes and finally to premature birth. 

Regarding effective preventive measures, most of the preventable causes of preterm 
birth, particularly before 32 weeks, are found in patients with ascending genital tract 
infections. Therefore diagnostic and therapeutic strategies in this area are considered 
particularly important. 

Treatment for less frequent causes of preterm birth is not as available and the chance of 
success is clearly lower than in the infection group. Furthermore, some problems are directly 
related to the causes resulting from genital tract infection. 

We want to emphasize that smoking and abuse of other drugs (especially alcohol) are 
important preventable causes of preterm birth and low birth weight. Physicians should inform 
pregnant women about these risks and should encourage their patients to discontinue 
smoking, consuming alcohol or drug use. 

 
 
Infection as Main Cause for Late Abortions and 

Early Premature Births 
 
Infection plays an important role in preterm birth, particularly in births less than 32 

weeks. Therefore, ascending genital tract infection represents a preventable cause of preterm 
birth. Confirmation of the role of ascending genital tract infection was found at the beginning 
of the 1980s when the operative Early Total Cervix Occlusion (ETCO) was introduced by us 
for patients with recurrent late abortions [15, 16]. This creates a complete barrier within the 
ascending area, and leads to remarkably good results (see also our contribution in Chapter 2 
in this volume). Back in 1991 [17, 18] we were able to find evidence of infection in about 
three quarters of the infants with a birth weight of less than 2000g and 55% in cases of 
premature rupture of the membranes. 

Subsequently, biochemical studies performed by Romero et al. [19] represented a major 
step forward in our understanding of the mechanisms by which infections lead to preterm 
birth. Another pioneering step which underlines how important it is to improve prevention of 
infections is the concept of the “fetal inflammatory response syndrome” [20]. It explains that 
fetal inflammation is linked to the onset of labor, and that the multi-systemic involvement in 
this condition can lead to fetal injury such as brain damage, which predisposes the 
subsequent development of cerebral palsy. 



Program for the Prevention of Infection-Related Premature Births 171

The association between infection and preterm birth has been confirmed by other 
investigators. If diagnosed early, infections can often be treated efficiently. In addition to 
ascending genital tract infections, such as Chlamydia trachomatis, and mycoplasmas, urinary 
tract infections should also be considered (and more rarely other infections). According to 
microbiological studies, infection may account for 25–40% of all preterm births, but this may 
represent an underestimation because, as Romero et al. [14] pointed out, infection is difficult 
to detect due to the limitations of standard microbiological techniques. But as infection is a 
major cause of inflammation, they refer to women belonging to an “inflammatory cluster” for 
cases with: 

 
• proven infection, 
• histological evidence of acute chorioamnionitis, or 
• elevated pro-inflammatory cytokines in the amniotic fluid (AF). 
 
In their overview article about preterm parturition syndrome, Romero et al. [14] give a 

list of evidence in support of a causal relationship between infection/inflammation and 
spontaneous preterm labor: 

 
1. “intrauterine infection or systemic administration of microbial products to pregnant 

animals can result in spontaneous preterm labor and preterm birth; 
2. extrauterine maternal infections, such as malaria, pyelonephritis, pneumonia, and 

periodontal disease, have been associated with preterm birth; 
3. subclinical intrauterine infections are associated with preterm labor and preterm 

birth; 
4. pregnant women with intra-amniotic infection or intrauterine inflammation (defined 

as an elevation of AF concentrations of cytokines and matrix degrading enzymes) in 
the mid-trimester are at risk of subsequent preterm birth; 

5. antibiotic treatment of ascending intrauterine infections can prevent preterm birth in 
experimental models of chorioamnionitis; and 

6. treatment of asymptomatic bacteriuria prevents preterm birth.” [14, p. 19]. 
 
 

Ascending Genital and Intrauterine Infections 
 
Most of the intrauterine infections are (at least in the beginning) subclinical in nature and 

cannot be detected without amniotic fluid analysis. As the amniotic fluid is normally sterile, 
any isolation of bacteria in the amniotic fluid is a pathological finding. According to Romero 
et al. [14] the frequency of microbial invasion of the amniotic cavity (MIAC) depends on the 
clinical presentation and gestational age: the rate of positive amniotic cultures is: 

 
• 12.8% among women with preterm labor and intact membranes, 
• 22% among women with preterm labor and intact membranes who deliver preterm, 
• 32.4% among women with PPROM at admission, 
• 75% among women with PPROM at the time of the onset of labor. 
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Also, MIAC is detected in up to 51% among those women presenting with the clinical 
picture of cervical insufficiency [21, 22]. We think this finding is particularly relevant to the 
discussion whether or not a cerclage or an ETCO is the appropriate measure for cases with 
recurrent preterm birth (please refer to our contribution in Chapter 2 in this volume). 

The most common pathway for microorganisms to gain access to the amniotic cavity is 
ascending from the vagina and the cervix; however, other pathways such as haematogenous 
through the placenta, retrograde from the peritoneal cavity through the fallopian tube, and 
accidental introduction at the time of invasive procedures, are possible as well [14]. Evidence 
in support of ascending infection is that in twin gestations, in which a microbial invasion of 
the amniotic cavity (MIAC) is detected, the presenting sac is always involved, while the other 
amniotic cavity may not have MIAC [23]. 

 
 

Genital Infections 
 
Many genital tract infections can lead to an increased rate of preterm birth as well as to 

increased morbidity of the mother and newborn (see Table 2). 
 

Table 2. Urogenital infections and associated complications in pregnancy, 
after Martius [28] 

 
Infection Increased rate of 

preterm birth 
Increased morbidity by 
infection of the mother 

Increased morbidity by 
infection of the newborn 

Bacterial vaginosis yes yes unknown 

Chlamydia trachomatis yes yes yes 

Streptococcus group B unknown* yes yes 

Neisseria gonorrhoea yes yes yes 

Trichomonas vaginalis unknown unknown seldom 

Mycoplasma hominis unknown unknown unknown 

Ureaplasma urealytikum unknown unknown unknown 

Urinary tract infection yes yes no 

Candida species no yes yes 
* Gibbs et al. [30] compared several studies concerning group B Streptococci and preterm delivery: Five 

of six studies demonstrated no significant association between colonization of the lower genital 
tract with group B Streptococci and preterm labor or preterm delivery. However, three of four 
studies found a significant relationship between colonization and preterm rupture of membranes. 
See also above the newer scientific findings from Donders [27] about the aerobic vaginitis. 
 
The association between bacterial vaginosis and preterm birth is strong, as it is a risk 

factor for preterm delivery and premature rupture of membranes [24, 25]. However, bacterial 
vaginosis is asymptomatic in approximately 50% of patients [26]. Donders et al. [27] 
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supposed that a so-called “aerobic vaginitis” (which is associated with aerobic 
microorganisms, mainly group B Streptococci and E. coli) is as important as bacterial 
vaginosis. As in the case of bacterial vaginosis, the concentration of lactate is decreased (and 
therefore the vaginal pH increased). More investigation into that topic will be necessary. 

Infections with Candida alone do not normally increase the risk of preterm birth, but they 
do affect the vaginal milieu and should therefore (also due to their morbidity for mother and 
child) be treated. 

 
 

Other Infections 
 
Maternal urinary tract infections or systemic infections can also lead to preterm birth. In 

countries with a high prevalence of serious infectious diseases, systemic infections, such as 
malaria, can play a more significant role in causing preterm birth than urogenital infections, 
see, for example, Kouam et al. [31]. Even periodontal disease has been associated with 
preterm birth [32, 33].  

 
 

Role of Lactobacilli 
 
For the prevention of ascending vaginal infection the “protective Lactobacillus system” 

plays a crucial role. The human vagina possesses an eco-system which under normal 
conditions provides a balance between physiologic Lactobacilli and pathogenic bacterial 
flora, ensuring protection against the spreading of pathogens, including ascending uterine 
infection. The importance of Lactobacilli for the normal vaginal milieu was in 1892 first 
described by Döderlein [34]. 

In an article of particular interest to us, Gregor Reid [35] described the role of 
Lactobacilli in preventing urogenital tract infections. 

The following main functions of Lactobacilli are known (Figure 2): 
 
• They produce acids, mainly lactic acid. 
• They produce hydrogen peroxide (H2O2), which releases oxygen and has a 

disinfecting effect. 
• These factors, combined with bacteriocines inhibit the growth of pathogens which 

are always present in the vagina. 
• They produce biosurfactants, which cover the surface of the vaginal wall, thereby 

inhibiting the adhesion of pathogens. 
• They produce coaggregation molecules which block the spread of pathogens. 
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Figure 2. Protective vaginal bio-system. 

Not every lactobacillus strain produces all the factors mentioned above. That is the 
reason why some strains are more effective against specific infections than others. For 
instance, women with H2O2-producing Lactobacilli run a lower risk of bacterial vaginosis 
than women whose Lactobacilli do not produce H2O2 [36]. Unfortunately, there are also 
some microorganisms, the growth of which is only marginally or not at all, inhibited by 
Lactobacilli (e.g., Streptococci and Candida). 

However, we can assume that Lactobacilli are the main regulating factor of the vaginal 
milieu. Vaginal pH-measurement gives us an insight—like peering through a keyhole—into 
this protective bio-system. Vaginal pH-measurement was already used by Döderlein, in order 
to distinguish pathological from normal vaginal fluid [34]. 

 
 

Importance of pH Measurement 
 
The importance of Lactobacilli and measurement of vaginal pH is illustrated for instance 

by the following evidence: 
Ernest et al. [37] found out that the risk of premature rupture of the membranes before 

37+0 weeks is three times higher when the vaginal pH is repeatedly above 4.5, compared to 
pregnant patients with pH ≤ 4.5. 

From a retrospective evaluation, carried out by one of our co-workers, the following is 
revealed: The earlier in pregnancy the examined children were born, the more frequently the 
mothers had an increased vaginal pH when admitted to hospital. All 15 mothers (100%) of 
children with a gestational age lower than 32+0 weeks had increased pH values; as far as 
preterm birth between 32+0 weeks and 36+6weeks is concerned, the rate was still about 60%; 
when born mature only 43.5 % were affected [38]. It follows that ascending infections very 



Program for the Prevention of Infection-Related Premature Births 175

frequently play a role concerning very early preterm birth, and that, in many of these cases 
the threat of preterm birth can be detected by measurement of increased pH-values. 

In a prospective study, Hengst et al. [39] was able to show the practical importance of 
measuring the vaginal pH, which we recommend in routine prenatal care for the prevention 
of preterm birth. In a cohort of pregnant women with a normal course of pregnancy, who had 
increased pH values of > 4.5 and who had received no therapy for acidification, the number 
of preterm births amounted to 15.1%. On the other hand, the number was only 2.0% when an 
acidifying therapy with L. acidophilus preparations had been applied. 

In an earlier evaluation, we also determined how many pregnant patients had normal 
vaginal pH values and how many had pathological values (≥ 4.7). In 67% of all the 695 
evaluated cases, normal pH values were present; in 33%, the values were increased twice or 
more and 7% of these were permanently increased [40]. 

It is of particular interest to examine the success rate in normalizing the pH, in cases with 
increased vaginal pH values, by using L. acidophilus therapy. Success was achieved in 83% 
of 75 such patients, which represents an unexpectedly good result. This result was obtained 
when the duration of the therapy was 5 ± 3 days [40]. 

 
 

Normal Flora – Disturbed Milieu – Bacterial Vaginosis and other Infection 
 
According to published data, a possible reason for the success of our Prematurity-

Prevention Program is not the early detection of existing infections, but the early detection of 
their precursors, namely disturbances of the vaginal milieu (vaginal dysbiosis, see Figure 3): 

 

 

Figure 3. Vaginal flora—stages of disturbance. 
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Hillier et al. [41] diagnosed “an intermediate pattern” between normal flora and bacterial 
vaginosis—see the publication of Schröder in 1921 [42]—in 16% of the pregnant women 
examined, while 22% of the women had bacterial vaginosis, and 61% had normal flora. Of 
the women with such a “transitional stage” in the second trimester, in the third trimester 
about one-third still had this intermediate flora, in about one-third the flora was normal again, 
and about one-third developed a bacterial vaginosis. Hay et al. [43] found an association 
between an increased risk of loss of pregnancy, and an intermediate pattern as determined by 
Gram stain examination. Viehweg et al. [44] reported that an increased vaginal pH during the 
course of pregnancy is associated with an increased risk of preterm birth, even when the pH 
value stays within the normal range. 

Our observations indicate that disturbances of the vaginal milieu can be detected by pH-
measurement at regular intervals, before bacterial vaginosis develops [45]. In 24 pregnant 
patients who visited their physician because they had themselves detected an increased 
vaginal pH value, 33 diagnoses were made (we obtained this information from patients, 
rather than from the physicians, and therefore, this data should be interpreted taking this into 
account): 

 
• 46% of the patients were told that they only had a disturbance of the vaginal milieu, 

and not yet a bacterial vaginosis. 
• Bacterial vaginosis was diagnosed only in 4%. 
• Candida was diagnosed in 33%, Chlamydia in 8%, and other bacteria in 8%.  
 
 

Our Prematurity-Prevention Program 
 

Overview 
 
After having been engaged in the field of preterm birth prevention for more than 3 

decades, we developed in 1989 a new “Prematurity-Prevention Program” which is based 
mainly on the ascending infection concept. The original part with its four stages is intended 
for physicians. The complete overview, because of its comprehensive content, is less suited 
for a detailed presentation within such a contribution. Therefore, we will limit our discussion 
to the essential part of this program (see Box 1). Some measures are explained below in the 
text. More details about the program and references are found on our homepage: 
www.saling-institut.de. 
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Box 1. Overview of the Prematurity Prevention Program 
 

The first stage is based on a historical assessment. An increased risk for preterm birth 
is present in women who had two3 or more previous late spontaneous abortions or very 
premature birth caused by infections or when no reason was detected. Our proposed 
therapeutic intervention is to use Early Total Cervix-Occlusion (see Chapter 2 in this 
volume) at about 12 weeks of gestation to create a barrier against the ascension of 
organisms. 

The second stage of this process can be diagnosed in patients with a disturbance of 
the vaginal milieu (“dysbiosis”). We consider this a “precursor”—which can be detected 
by simple pH-measurement at the introitus. “Dysbiosis” can be treated with Lactobacillus 
acidophilus preparations. 

The third stage of increased risk includes cases without symptoms of premature labor, 
but in which a proven bacterial vaginosis or another vaginal infection is present. Other 
examples include Chlamydia infection of the cervical canal or urethra or significant 
bacteriuria (even asymptomatic bacteriuria has been known as a cause of preterm birth)4. 
In such cases, either local antimicrobial treatment or systemic treatment with antibiotics is 
recommended. The likelihood of success in these cases is high. In addition, in the last 
decade, an association has been reported between periodontal disease and preterm birth. 
However, it is still not clear enough, if treatment of this condition reduces the rate of 
preterm delivery (see below). 

The fourth and most advanced stage involves cases with symptoms of preterm labor, 
such as preterm uterine contractions and/or critical ultrasonic findings of the cervix, such 
as a short cervix. In this stage, the likelihood of success is lower than in the previous 
stages.  
 
 

Screening for Pre-Infection or Infection Signs 
 
The main emphasis of our program lies in screening all pregnant women for signs of an 

altered microbial ecosystem, which leads to a change in pH. If such a program is not 
implemented early in gestation, then overt changes in the vaginal ecosystem or in the lower 
genital tract may develop. If this is the case, an opportunity for early intervention may have 
been lost. We assume that the unexpectedly high success rates in the reduction of preterm 
birth—achieved by our self-care measures—are based on the following new situation with its 
attendant opportunities: never before was it possible to detect the first disturbances of vaginal 
milieu in such an early stage and to start with therapeutic countermeasures so early (see also 
below under Self-Care Program). In cases where preterm birth occurs due to other reasons, 
the possibility of intervention and successful therapy are clearly not so good. 

The measurement of the vaginal pH is particularly important. We have recommended 
this measure since 1989 [46, 18] for regular prenatal care. We are currently conducting a 

                                                 
3 We sometimes recommend an ETCO after only one of these incidents; see our contribution about the ETCO in 

this volume. 
4 Screening for urinary tract infections is in many countries already part of routine care for pregnant women. 
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study in regards to regular prenatal care in Germany at the present time. According to our 
preliminary findings, about two-thirds of the physicians who returned the forms measure the 
vaginal pH of their patients regularly. An increase in the pH-value (≥ 4.2 if measured with 
pH-meter, > 4.4 if measured with indicator paper) 5 can be due to: 

 
• Disturbance in the vaginal milieu (also called “dysbiosis”),  
• Bacterial vaginosis. Diagnostic clinical criteria after Amsel [47] of bacterial 

vaginosis in addition to an increased pH-value (> 4.5) in vaginal fluid which are: 
thin, white, yellow, homogeneous discharge, fishy odor of the vaginal fluid 
(especially after the addition of 10% potassium hydroxide solution) and evidence of 
clue cells (three of these four criteria must be present to ensure the diagnosis).6 

• Aerobic vaginitis as described and defined by Donders et al. [27] and  
• other types of infection. If other infections are suspected, an appropriate examination 

should be carried out. 
 
 

Treatment 
 
The treatment will be performed according to the diagnosis. Here are the most common 

situations: 
 
 

Disturbances of the Vaginal Milieu 
 
Disturbances of the vaginal milieu (vaginal dysbiosis) without specific signs of bacterial 

vaginosis or specific infection should be treated with H2O2 producing lactobacillus 
preparations7 for about seven days. For example the results of Hengst [39] show that pregnant 

                                                 
5 Devices for the measurement of the vaginal pH: A simple and, if used for the examination of many patients, 

inexpensive way of measuring the pH is to use a small, portable pH-meter. Another alternative, a little more 
expensive, is the use of indicator strips which are introduced into the area of the introitus vaginae with the 
finger either before or after the vaginal examination and compared with the corresponding color scale. We 
made by far the best experiences, when using ”Spezialindikator pH 4.0-7.0”; art-no. 1.09542 by Merck, 
Darmstadt (Germany), because reading is here especially easy and reliable. In the meantime, special 
disposable gloves with the indicator paper from Merck fixed on the index finger are available for use by the 
physician. The gloves are almost identical to the ones that we recommend for the patients (see below). The 
only difference is, that the indicator paper in the version for the physician is attached to the middle phalanx of 
the index finger, so that during vaginal examination the pH value will be measured automatically at the lower 
part of the vagina. 

6 In the context of clinical research the bacterial vaginosis is often diagnosed according to the criteria of Nugent 
[88]. But for diagnosis in the daily practice we consider the criteria according to Amsel as more practical and 
sufficient. 

7 Women with H2O2-producing lactobacilli have a lower risk of suffering from bacterial vaginosis than women 
whose lactobacilli do not produce H2O2 [36], therefore one should substitute the former strains of lacobacilli. 
But other factors are also important, for example whether or not the lactobacilli can adhere to the vaginal 
epithelial cells. Alvarez-Olmos and Oberhelman [49] demanded for clinical studies with probiotics: “Strain 
information should be reported with each clinical and microbiological study because even closely related 
probiotic strains may have different clinical effects.” ([49], p. 1570). Although they discussed orally 
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women with elevated vaginal pH-values have a better outcome after treatment with 
lactobacillus preparations. According to our own evaluation [40] the pH-values could be 
normalized with Lactobacillus acidophilus therapy in 83 % of the pregnant patients within 
five days in the average ± three days (s). 

Because lactobacillus therapy thus takes two to eight days, until the pH values normalize, 
additional local acidifying therapy might be indicated (e.g., lactic acid in the morning, and 
lactobacillus preparation in the evening). However, currently there is no scientific proof that 
this additional measure reduces the rate of preterm birth. Please note, that we recommend 
lactobacillus preparations only for vaginal dysbiosis and not for bacterial vaginosis (see 
below). 

 
 

Bacterial Vaginosis 
 
Bacterial vaginosis can be treated either locally or systemically with Metronidazol or 

with Clindamycin [50]8. Up to now, there have been various studies with regard to treatment 
of bacterial vaginosis in pregnancy [51, 52, 53, 89]. Another therapeutic option might be 
local therapy with antiseptics. Friese et al. [54] compared octenidine dihydrochloride 
antiseptic solution with povidone-iodine vaginal suppositories and found that, in patients 
using octenidine hydrochloride, an improvement in symptoms was more frequent (75% vs. 
65%) and restitution of Lactobacilli was significantly more common (46% vs. 29%). More 
research with this therapeutic option is neccessary; however, we sometimes recommend this 
option - particularly for cases with recurrent infections. However, after one meta-analysis 
from Leitich et al. [89] with regard to antibiotic treatment of BV in pregnancy, it seems that 
for women in high risk populations systemic treatment of longer duration is more 
recommendable. In the literature, there are controversial results concerning the success of 
treatment of bacterial vaginosis, and its effect on pregnancy outcome [55, 56, 57], see also 
Romero et al. [29]. This may partly be due to the heterogeneity of the study groups: Several 
meta-analyses concluded that the screening and treatment of bacterial vaginosis of combined 
low and high-risk populations did not reduce the risk of preterm birth [58], but a recent meta-
analysis of Varma et al. [59] found a benefit in low risk populations. However, there may 
have also been little success, in cases when screening, diagnosis, and treatment took place 
rather late in the course of pregnancy. No studies have been published of cases where vaginal 
acidity was checked by pH-measurement so early in pregnancy and at such short intervals 
(allowing early treatment), as is the case for the pregnant women who participate in our Self-
Care Program (see below). In addition to the gestational age at screening and treatment, 
Romero et al. [29] describe other reasons for the discrepant results: history of preterm birth, 
choice of antimicrobial agent and whether the diagnostic criteria for bacterial vaginosis 
optimally identify those at risk of infection-associated preterm birth. 

                                                                                                                                                       
supplemented probiotics, it may well be the case, that the same is true for vaginally supplemented lactobacilli. 
Much more research in this area is necessary. 

8 Please see also our discussion below with regards to the use of yoghurt or lactobacillus preparations for the 
treatment of bacterial vaginosis.  
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In several studies, women with bacterial vaginosis have been treated with lactobacillus 
preparations, for example [60, 61], with yoghurt [62] or with acid lactic gel [63]. Although 
these preparations have conferred some benefit and a reduction of bacterial vaginosis, we do 
not favor this, as Dennemark et al. [64] reported an improved pregnancy outcome for women 
treated with clindamycin vaginal cream than with lactobacillus preparations. Births less than 
37 weeks had the following screening and treatment: 

 
a) neither screening nor treatment: 15% 
b) screening and treatment with lactobacillus 11,5 % 
c) screening and treatment with clindamycin: 5,3 % 
 
Also, the long-term benefit is uncertain. For example, Hallén et al. [61] treated women 

with bacterial vaginosis with H2O2 producing Lactobacilli versus placebo. In the treatment 
group, 16 out of 28 women had normal smears following treatment. There were no normal 
smears following treatment in the placebo group. However, after the next menstruation only 3 
of the treated women were free from bacterial vaginosis. We therefore recommend 
Lactobacilli preparations only in cases with vaginal dysbiosis (see above). In the presence of 
bacterial vaginosis we recommend specific therapy with antibiotics, chemotherapeutics or 
disinfectants. 

 
 

Specific Urogenital Infections 
 
Specific urogenital infection (including asymptomatic bacteriuria) in the absence of 

clinical signs of preterm labor or PROM should be identified and treated with antibiotics 
effective against the causative organism. For patients with a clinically evident urogenital 
infection or with evidence of inflammation (e.g., CRP) and who have symptoms of preterm 
labor, systemic antibiotic therapy is often used. In addition, other interventions such as 
tocolysis, bed rest or progesterone may be appropriate according to the clinical 
circumstances. In women with preterm labor, antibiotics are used to prevent vertical 
transmission of group B streptococcus. However, in the absence of a specific infection, 
antibiotic administration should not be used in women with preterm labor and intact 
membranes. A recent study has suggested that fetuses exposed to antibiotics administered to 
women with preterm labor and intact membranes had an increased risk of cerebral palsy at 
the age of seven. Antibiotic administration to women with PROM is the standard of practice 
because it results in prolongation of pregnancy, and a reduction in the rate of infection-
related complications, such as neonatal sepsis. However, long term follow-up of infants who 
received antibiotics does not demonstrate a benefit of such antibiotic administration [65, 66]. 
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Systemic Infections 
 
Systemic infections require specific therapy aimed at the nature of the infection and the 

causative organism. If fever is present, the use of indomethacin should be considered to 
prevent prostaglandin-related effects on the uterus (e.g., increase of uterine contractility and 
the induction of cervical ripening). Please note that this recommendation is only for systemic 
infections (such as influenza or pneumonia) and not for intrauterine infections. It is possible 
that this treatment could cause adverse events such as closure of the fetal ductus arteriosus 
and oligohydramnios. Therefore, the use of indomethacin is best reserved for women with a 
gestational age below 28–30 weeks, without intrauterine growth retardation and with a 
normal volume of amniotic fluid. Treatment with this agent should be restricted to 48 or 
maximum 72 h, see Di Renzo et al. [67]. 

 
 

Periodontal Disease 

 
Periodontal disease has been associated with an increased risk of spontaneous preterm 

delivery [32]. However, it is less clear if treatment of this condition reduces the rate of 
preterm birth [33]. It is possible that periodontal disease is a marker for a host predisposed to 
elicit a robust inflammatory response rather than a specific mechanism of disease for preterm 
birth. Romero et al. [29] suggests that an inappropriate inflammatory response may be present 
in women with bacterial vaginosis and periodontal disease. It is possible that hyper-
responsive individuals (hyper-responsive means that the patients mount a more severe 
inflammatory response to microbial products) are more likely to have periodontal disease and 
also infection-related preterm labor. Recent clinical trials suggest that periodontal treatment 
during pregnancy of women affected does not reduce the rate of preterm birth, for a review 
see [33]. Further research in this area is warranted. 

 
 

Self-Care Program for Pregnant Women 
 
The self-care measures for pregnant women represent the most important part of our 

Prematurity Prevention Program [68, 69, 70]. We recommend that pregnant patients monitor 
their vaginal pH twice a week from the beginning of the pregnancy using a CarePlan®VpH-
test-glove which we developed in collaboration with a medical company. The indicator can 
be compared with a color chart to determine the pH value. If the pH is normal (4.4 or less), 
the indicator will turn yellow (see Figure 4). 
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Figure 4. pH measurement: comparison with the color scale. 

Twice weekly pH monitoring by the patient greatly reduces the intervals between 
measurements compared with the interval between visits with usual prenatal care. Frequent 
pH monitoring offers the possibility of early detection of symptoms and therefore, early 
intervention. 

If a pH value of 4.7 or more is measured, the pregnant patient is advised to report the 
results to her physician as soon as possible, and if indicated, to start treatment. The test-glove 
packs also contain detailed information about the program such as the need to consult her 
physician if any of these signs are present: 

 
• changes in vaginal discharge,  
• burning and itching in the intimate regions,  
• signs of urinary tract infection,  
• cramping or pelvic pressure  
• vaginal bleeding or spotting. 
 
For more details, please see: http://www.saling-institut.de/eng/04infoph/03selbst.html 
 
 

Results 
 
The results of our program appear to justify the implementation of the self-assessment of 

vaginal pH by pregnant women and to demonstrate the efficacy of our Self-Care Program. 
The results have already been published in detail, e.g., [40, 69, 70]—here just the main 
figures are given: 
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Pre-Evaluation 
 
In a study conducted in our department [71] in which 100 women measured their vaginal 

pH themselves using indicator paper, 91% of the measurements corresponded with the results 
obtained immediately afterwards by a physician with a pH-meter. In 9% of cases, the results 
were considered as false-positives; meaning that the indicator paper provided a value of the 
pH which was above that obtained with the pH meter, and that the latter was within normal 
range. There were no false-negative results, in other words, no pathological findings were 
missed. The false-positive findings are not considered by us a serious shortcoming because 
our emphasis is in detecting an abnormal milieu in the lower genital tract. It is also interesting 
to note that in about 70% of the patients who had increased pH-values measured both by 
indicator paper and by the pH-meter, we found evidence of pathogenous organisms in the 
vagina and/or the cervix, whereas when the pH values were within the normal range, the 
frequency of abnormal findings was only 8%. 

 
 

Results from Our Self-Care Program 
 
The full Self-Care Program was started in September 1993. The program was advertised 

in publications that are frequently read by pregnant women. Of the 1,715 women whose data 
have been evaluated, 595 were pregnant for the first time and 1,120 had been pregnant 
before. The obstetrical histories provided by women with previous pregnancies were 
particularly interesting. 46.4% had miscarriages and about 18.3% had infants < 2,500 g in the 
immediate previous pregnancy. Thus far, the participating women belong to a high-risk, 
rather than low-risk group. Additionally, according to the returned records, 60.8% of the 
patients reported events or diagnostic results in the current pregnancy which indicated higher 
risk of preterm birth. In women who had been pregnant before the index pregnancy, the 
assessment shows the following (see Figure 5): 

 
• The rate of low birth weight infants (< 2500g) in those patients taking part in the 

Self-Care Program and who had been pregnant before was 6.2%, this means three 
times lower than that in the immediate previous pregnancy, which had been 18.3%. 

• It is of special interest to note that the number of very low birth weight infants 
(< 1500g) was 1.3%: that is six times lower than in the immediate previous 
pregnancies, which had been 7.8%. 

• The rate of extremely low-birth-weight infants (< 1000g) amounted to 0.9%, 
compared to 3.9% previously. 
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Figure 5. Results of our Self-Care Program, after Saling et al. [69]. 

Of the 111 women who had a preterm birth in the immediate previous pregnancy, only 
20 (18%) had a preterm birth in the index pregnancy (< 37+0 weeks of gestation). Of the 38 
women who had a preterm birth of < 32+0 weeks in the immediate previous pregnancy, only 
three (8%) had a similar outcome in the index pregnancy. Of the 22 women who had a 
preterm birth at < 28+0 weeks , there was no recurrence of preterm delivery. 

 
 

Results from Other Places  
 
Later Hoyme et al. [72] achieved similar encouraging results with our program in a 

prospective project undertaken in Erfurt, the capital of Thuringia, Germany. The results 
prompted the Government of Thuringia to employ our program. In the second half of the year 
2000, the Self-Care Program was employed and the results were compared to those from the 
first six months of 2000 (before the program was implemented). In each half-year there were 
more than 8.000 births. The results represent a breakthrough, as most authors dealing with 
preterm birth have stated that in greater population areas the preterm birth rate had not 
changed at all during the previous decades, or that the rate had even increased. 

In Thuringia the results were [73, 74, 75, 76, 77]: 
 
• With regard to gestational age: the rate of infants born less than 32 weeks was 

1.36% in the first half of the year 2000, and 0.94% in the second half. This is a 
significant reduction. [76, 77] 

• With regard to birth weight (see Figure 6): the rate of infants born less than 1500g 
decreased significantly from 1.29% to 0.97%. In infants weighing less than 1000g, 
the rate decreased significantly from 0.61% to 0.38%. [75, 76, 77] 
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• In addition, the incidence of premature rupture of membranes (PROM) was 
significantly reduced. While in the first half of the year 2000, the frequency of 
PROM in cases where the infants were born with less than 32 weeks of gestation was 
0.55% out of 7,870 deliveries it was significantly reduced in the second half of the 
year to 0.2% out of 8,406 deliveries (figures calculated by us according to the results 
from Hoyme et al. [74, 75]) 

• In the meantime, a series of observations have become available, which allow 
examination of the effect of the implementation of the Self Care program [76, 77]: 
After the Self Care program trial was completed, the preterm birth rate was 
monitored between 2002 and 2004. The rate of preterm birth after discontinuation of 
the Self Care program was as high as it was before the implementation of the 
program Figure 7 shows the numbers for children with a birth weight < 1000 g) 

 
These observations provide confirmation of the efficacy of the program. We understand 

that these results do not derive from a randomized clinical trial. We consider the evidence 
rather persuasive and although we are personally of the opinion that such a randomized trial 
is not absolutely necessary, we think for the implementation of the program on an 
international level, it is now recommendable to perform one (see also the discussion below). 

Based on these results, several German health insurance companies implemented our 
prenatal-care self-examination program as a pilot project at no cost. The companies started 
this project in December 2003: the official results are not available yet, but after first internal 
evaluations, they have reported significant savings. Siegmund-Schulze [78] from the Health 
insurance company KKH reported first results from two participating states (Bavaria and 
Lower Saxony). 

 

 

Figure 6. Thuringian prematurity prevention project 2000: Results with regard to birth weight, after 
Hoyme et al. [75, 76, 77]. 
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Figure 7. Secular trends in the rate of preterm birth before and after implementation of the Self Care 
program, after Hoyme et al. [76, 77]. 

 
All births from 2004–2006 of the participating health insurances served as a control 

group (n=57,273). Within the control group, the rate of very preterm births (< 32 weeks) was 
0.86%. Of the 2,899 women insured with the health insurance KKH who took part in the self-
care program and who returned their documentation forms, the rate of preterm births less than 
32 weeks was 0.49%. 

 
 

When to Start 
 
Hübner confirmed the importance of early onset of pH self-measurement in pregnancy. 

She evaluated questionnaires from 607 pregnant women who participated in the “Thuringia 
Prematurity Prevention Campaign 2000” (Hübner, published in Hoyme and Saling [75]). 
Among women who started pH monitoring before 15+0 gw, the total rate of preterm births 
was 4.8%, and the rate of very early preterm births was 0%. In contrast, when women started 
pH monitoring at 15+0 weeks or later, there were 6.1% preterm births, and 0.9% very early 
preterm births. 
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Pregnancies with Increased Risk 
 

Recurrent Late Abortions or Preterm Births 
 
After one preterm birth, the risk of a recurrent preterm birth is increased [80, 81, 82]. 

Although the actual recurrence risk depends upon the etiology and the gestational age, the 
earlier in pregnancy the previous preterm birth occurred, the higher is the risk for recurrence. 
McManemy et al. [83] also found, that, in cases with two previous pregnancies, the risk is 
higher (21 %) if the sequence of previous pregnancies was term/preterm and lower (13%) if 
the sequence was preterm/term. After two preterm deliveries the risk of recurrence is about 
40%—depending on the gestational age: 38% for two prior preterm deliveries between 32–36 
weeks and 57% in cases with two prior deliveries between 21–31 weeks [83]. 

Particularly in cases with two or more late abortions (≥ 12+0 weeks) or early preterm 
births (<32+0 weeks) with either an infectious etiology or in the setting of premature rupture 
of membranes, we recommend an Early Total Cervix Occlusion (ETCO) as a preventive 
measure. Please note that the main reason for premature rupture of the membranes is 
ascending genital tract infection. The Total Cervix Occlusion (TCO) creates a complete 
barrier against ascending infections within the cervical canal (as opposed to cerclage). This 
operation is now an essential part of our Prematurity Prevention Program and also a 
widespread measure in Germany and is also performed in other German speaking countries. 
The ETCO is explained in detail in Chapter 2 in this volume. 

Other measures concerning recurrent preterm birth, e.g., measurement of cervical length, 
fetal fibronectin or progesterone administration are the subject of debate in the literature [84, 
85, 86, 14, 58]. 

 
 

Multiple Pregnancies 
 
Another group with a higher risk of preterm birth is multiple pregnancies. It is 

noteworthy that our Self-Care Program enabled us to reduce the number of premature births 
in multiple pregnancies. In Thuringia the frequency of twins and triplets with birth weights 
less than 1,500g has been reduced from about 27% without the Self-Care Program to about 
14% with the program and in the group low birth weight of less than 1000g from 11.6% to 
2.0% [76]. 

G. Schulze reported a decrease in the rate of preterm birth in multiple pregnancies using 
operative ETCO. In 1990 Schulze began using ETCO in multiple pregnancies (regardless of 
whether or not there had been preterm births in the history) and in about 100 cases he was 
able to achieve a preterm birth rate of 17% as compared to a rate of 29% in cases without 
ETCO [87], a reduction of about 40%. We are convinced that this is an effective method to 
reduce the frequency of preterm birth in multiple pregnancies. Further research needs to be 
done to evaluate in which cases with multiple pregnancies screening for pre-infections and 
infections and pH monitoring is sufficient and which patients might benefit from an 
additional ETCO. (For details about the ETCO please see Chapter 2 in this volume.) 
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Other Prematurity Prevention Strategies 
 
Research in the field of preterm birth prevention has yielded promising approaches such 

as:  
 
• measurement of the cervical length, 
• measurement of fetal fibronectin, 
• Progesterone administration. 
 
But there are still divergent results and different opinions in respect of the effectiveness 

of these methods which are often used in later stages of the process of preterm birth. It is also 
the case that both the measurement of cervical length and measurement of fetal fibronectin 
seem to be methods rather for risk assessment than actual screening methods. For a full 
discussion of current research in this area, we recommend studying the review publication of 
Romero et al. [14]. 

 
 

Other Diagnostic Measures 
 
If one or more of the above-mentioned screening measures results in abnormal findings, 

then additional testing may be necessary such as: 
 
• tests for bacterial vaginosis according to Amsel and/or Gram stain, 
• neutrophil count, 
• culture for microorganisms, 
• other biochemical markers of inflammation, such as IL-6, IL-8.  
• lavage of the lower uterine extra-amniotic space (egg-pole lavage)9 
• amniocentesis for amniotic fluid examination, when the index of suspicion for 

infection is high. 
 
 

Cascade of the Infectiological Prematurity Process 
 
However, from our point of view, most of these above-mentioned interventions are 

implemented at later stages in the process of preterm birth. Romero et al. [14] point out there 
is a long preclinical stage between findings such as a short cervix or a positive fetal 
fibronectin and spontaneous preterm labor and/or preterm rupture of membranes (PROM). 
The same is true for intrauterine infection which can be clinically silent for weeks or months 
before the onset of preterm labor. 

It is most likely that the process which leads to a premature birth initially starts with a 
disturbance of the vaginal milieu (see Figure 8). If the woman monitors her vaginal pH twice 
weekly from the beginning of pregnancy, it is possible to detect a very early stage of the 

                                                 
9 See Saling [48] or www.saling-institute.org 
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process and treat her immediately with Lactobacillus preparations which could prevent 
further stages of the process. Never before has it been possible to detect it at such an early 
stage. 

However, if the opportunity for early diagnosis and treatment is missed, the 
consequences are often a genital tract infection which can lead to an inflammatory process 
resulting in biochemical changes, cervical ripening, and a preterm birth (see Figure 8). 

 

 

Figure 8. Cascade of the infection-related preterm parturition process. 

 
 

Conclusion 
 
Although the role of infection in the process of preterm birth has been well known for a 

long time, there is still a lot of research to be done—particularly in the area of preventing 
infection-related preterm births. 

A main part of our Prematurity-Prevention Program focuses on the screening for, and 
treatment of, infections—particularly urogenital infections—and detecting disturbances in the 
vaginal milieu before an actual infection develops. This strategy takes into account the role of 
Lactobacilli in maintaining the vaginal milieu. In order to allow for the detection of these 
disturbances or infections even earlier, we developed the Self-Care Program for pregnant 
women. 

Currently the Self-Care Program—as confirmed by our evaluation and subsequently by 
two prospective investigations by Hoyme et al. (see above)—seems to be an effective, easily 
implemented and inexpensive program for prevention of very early preterm birth. The 
explanation for the exceptionally positive results that we achieved may be that our prevention 
program—with cooperation of the pregnant patient—allows for the detection of very early 
disturbances of the vaginal ecosystem before any overt symptoms of infection—including 
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bacterial vaginosis and aerobic vaginitis—are evident. This enables immediate therapeutic 
measures to be taken, leading to a rapid reestablishment of normal vaginal milieu, and may 
prevent some of the later stages of the process of preterm parturition. 

We therefore recommend the Self-Care Program for all pregnant women. In countries 
where the circumstances do not permit the use of the self-care measures for all women, at the 
very least vaginal pH monitoring should be performed regularly by physicians or midwives. 
Other additional, more sophisticated measures may be necessary in special cases. 

In Germany, the measurement of vaginal pH is developing into a standard measure in 
prenatal care: 

 
• According to our first assessment of prenatal care in Germany, about two-thirds of 

the physicians who returned the forms measure the vaginal pH of their patients 
regularly, even though the measurement is not yet paid for by the health insurance 
providers as a routine prenatal care measure. 

• In addition, the active participation of women in vaginal pH self monitoring is 
increasingly performed as part of prenatal care. In addition to the above-mentioned 
studies and model projects carried out by health insurance companies, it is now the 
case that, in 11 states out of 16 in Germany, a contract with regards to Integrierte 
Versorgung (integrated care) between two health insurance companies and the 
Kassenärztliche Vereinigung (Resident Doctors’ Association) or the Berufsverband 
der Frauenärzte (Association of Gynecologists) has been implemented to improve 
the prevention of preterm births. This effort includes providing pH-test gloves and 
encouraging pregnant women to regularly monitor their vaginal pH.  

 
Although randomized trials for the Self-Care Program are recommendable, we consider 

that the current evidence suggests that the program is effective. After the encouraging results 
described above and the studies performed by several health insurance companies, it seems 
difficult, if not impossible, that such a trial could be conducted in Germany. It may be 
possible that such trials could be conducted elsewhere. Indeed, in countries where either the 
measurement of vaginal pH by the physician and/or the self measurement by the patient is not 
yet widely performed, a randomized controlled trial could support the introduction of our 
program in these places. Additionally, it would at least give some women the chance to 
benefit from pH measurement (please refer to “Randomized Trials—Ethical Questions” in 
our contribution in Chapter 2 in this volume). Therefore, if individual scientists or study 
groups consider a randomized trial with pH measurement, we would welcome it and would 
support them with advice or assistance, if necessary. 

 
 

Further Information 
 
On www.saling-institute.org you can find detailed information about the Prematurity-

Prevention Program, the Self-Care Program and the ETCO. 
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Abstract 
 

Pregnant women are at significant risk of acquiring HIV, particularly in areas of 
high prevalence such as sub-Saharan Africa. HIV in pregnancy results in mother-to-child 
transmission (MTCT) rates of up to 35% in breast feeding populations as well as relative 
increases in antenatal death, spontaneous abortion, stillbirth, and low birth weight 
infants. The identification of HIV-infected women is crucial in the prevention of 
maternal and infant morbidity and mortality. Whilst most countries recommend 1st or 2nd 
trimester screening of pregnant women for HIV, the recognition that pregnant women are 
at risk of primary HIV infection has led to recommendations to repeat testing in the 3rd 
trimester or during delivery itself. In resource rich countries the use of combination 
highly active antiretroviral therapy (HAART), avoidance of breastfeeding, and caesarean 
section delivery has resulted in transmission rates of less than 2%. However, such 
preventive interventions have been associated with adverse consequences for women and 
their uninfected infants.  

Effective interventions are difficult to implement in developing countries where 
breastfeeding is critical to infant survival and resources for costly drugs and surgical 
procedures are scarce. The health of HIV-infected pregnant women in these settings is 
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further compounded by inter-current conditions, notably sexually transmitted infections, 
tuberculosis, anaemia, and malaria, which also require appropriate management. 

A number of trials have shown the benefit of antiretrovirals alone in reducing 
mother-to-child transmission (MTCT) of HIV, with WHO recommendations for 
resource-poor settings potentially associated with significantly reduced perinatal and 
early post-partum transmission. However, women subsequently face a significant 
dilemma in the postpartum period where the benefits of breastfeeding but attached risks 
of HIV vertical transmission need to be balanced against the risk of gastroenteritis and 
malnutrition associated with replacement feeding and earlier cessation of breastfeeding. 
Recently evaluated strategies allowing safer breastfeeding include exclusive 
breastfeeding for six months and neonatal prophylaxis with either lamivudine or 
nevirapine. The use of prolonged maternal HAART during the breastfeeding period is 
currently under investigation.   

Unfortunately many HIV-infected women remain undetected or fail to benefit from 
effective and affordable interventions as a result of inequitable access to health care. The 
greatest challenge of implementing Prevention of Mother-to-Child (PMTCT) 
interventions remains the provision of integrated, accountable healthcare systems with 
effective procedures of governance driven by strong leadership. 
 
 

The Scale of the Problem 
 
WHO estimated that by the end of 2007, 33.2 million (30.6 million-36.1 million) people 

were living with HIV, two-thirds in sub-Saharan Africa[1]. Over 2 million (1.9 million-2.4 
million) are vertically infected children[1]. Pregnant women in sub-Saharan Africa are at 
significant risk of acquiring HIV with reported incidences of between 1.6 and 5.9 per 100 
woman years[2-4]. In KwaZulu-Natal, South Africa, the incidence among women between 
25-29 years old was estimated at 7.9 per 100 person-years[5], with prevalence at the first 
ANC visit of 37.7%[6]. 

HIV in pregnancy presents many challenges, including effects on pregnancy and 
pregnancy outcomes, detection, treatment, prevention of mother-to-child transmission 
(MTCT) of HIV, implementation of strategies to support optimal infant feeding, and 
interaction with other co-morbidities.  

 
 
Untreated HIV in Pregnancy Leads to Poorer 

Maternal And Infant Outcomes 
 
Early attempts to determine if there was a link between HIV infection per se and 

maternal and infant health proved difficult. A meta-analysis by Brocklehurst et al[7] in 1998 
of 31 prospective observational cohort studies compared the pregnancy outcomes of HIV-
infected and uninfected women from both resource rich and poor countries. Whilst HIV 
infected women appeared to have an increased risk of spontaneous abortion, stillbirth, low 
birth weight, and perinatal mortality, independent risk factors for poor outcomes such as drug 
abuse, numbers of sexual partners and sexually transmitted infections were mostly not 
allowed for (Table 1).  



 

 

Table 1: Studies of Pregnancy Outcomes and Breastfeeding 
 

 
Selected  
Studies 

Sample size 
 (Total) 

Comparison Event Cohort 
1 

Cohort 
2 

Unadjusted  Risk†/ 
Adjusted Risk‡ (CI) 

P value 

HIV and Pregnancy Outcomes (Observational Studies) 
Brocklehurst 
Meta-
analysis[7] 

- 
1936/28363 
1196/25053 
3748/34399 

HIV-infected v HIV un-
infected pregnant 
women 

Spontaneous Abortion 
Still birth 
Perinatal Mortality 
Low Birth Weight (<2500g) 

- 
3.7 
3.9 
20.5 

- 
2.9 
0.4 
14.9 

4.05† (2.75-5.96) 
3.91† (2.65-5.77) 
1.79† (1.14-2.81) 
2.09† (1.86-2.35) 

 

Rollins et 
al[8] 

1449/1401 
(3465) 

HIV-infected v HIV un-
infected pregnant 
women 

Antenatal death/spontaneous 
abortion/stillbirth 
Low Birth Weight (<2500g) 

5.6 
10.6 

3.3 
7.4 

1.63‡ 
1.45‡ 

0.015 
0.02 

Safety of ARVs in Pregnancy (Observational Studies) 
European 
Cohort[135]  

331/2092 
(2423) 

ZDV monotherapy v No 
ARVs 

Prematurity 
Low Birth Weight (< 2500g) 
Injecting Drug use during pregnancy 
CD4<200 

12.0 
12.2 
15.4 
19.0 

15.3 
20.1 
38.4 
12.2 

0.76† (0.53-1.09) 
0.55† (0.39-0.79) 
 

 

European 
/Swiss [60] 

573/3024 
(3920) 

ZDV monotherapy v No 
ARVs 

Prematurity 16.8 15.8 1.08† (0.84-1.38) NS 

492/507 ZDV monotherapy v 
any ARV combination 

Low Birth Weight (<2500g) 
Preterm Labour 
Still Birth 

14.9 
23.9 
0.6 

16.2 
29.6 
0.4 

 NS 
<0.05 
NS 

 
Cotter et 
al[66] 

134/373 Combination with PI v 
Combination without PI 

Low Birth Weight (<2500g) 
Still Birth 
Preterm Labour 
Preterm Labour (PIs <10 weeks) 

17.3 
0 
36.6 
- 

15.9 
0.5 
29.6 
- 

- 
- 
1.8‡ (1.1-3.0) 
2.2‡ (1.6-3.0) 

NS 
NS 
<0.05 
0.0001 

 
 
 

Table 1. (Continued)  



 

 
Breastfeeding (Observational Studies) 
VTS[53] (1372) Exclusive BF/NVP 

(mother /child) v Mixed 
BF/NVP 

Infant postnatal infection at 6 months 
in infants uninfected at 6 weeks. 

4.04(2.2
9-5.76) 

- 
 

  

BHITS Meta-
analysis[99] 

3025 
(4085) 

BF infants; HIV RNA 
PCR negative at 4wks 

Meta-analysis of 9 trials. Cumulative 
infection rates of BF infants HIV 
RNA PCR negative at 4 wks.  

3 months 1.6†   12 months 7.0† 
6 months 4.2†   18 months 9.3 † 

- 

NVAZ dataset 
Taha et 
al[100] 

1446 
(2000) 

BF infants HIV-exposed but uninfected BF 
infants at 8wks. BF interval 24 
months. Sd NVP at birth; ZDV 7days 
postpartum. Maternal sd-NVP. 
Cumulative infection rates at 
respective time points. 

1.5-6 months     1.3/1.22† (CI 0.61-1.83) 
6-12months        5.4/4.5† (CI 2.24—4.7) 
12-18 months     9.8/ 3.48† (CI 2.24-4.70) 
18-24 months     12.6/ 1.27† (CI 0.33-2.19) 

- 

Breastfeeding (Randomised controlled trial) Study Description Intervention Comparison Reductio
n 

Pvalue 

481/477 
(958) 

Rapid weaning or continued BF 
(median 16 months). Infant HIV-free 
survival (HIV uninfected at 4 
months) 

83.9 (24 months) 80.7 0  0.27  
Kuhn et 
al[101] 

71/81 (958) 

EBF/4 month rapid 
wean v EBF/no rapid 
wean 

Infant mortality in those infected by 
4 months 

73.6(24mnth) 54.8 -18.8 0.007 
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In a more recent cohort study of HIV-infected and uninfected women conducted in the 
pre-HAART era in northern KwaZulu-Natal, South Africa[8], HIV-infected women had an 
increased risk of antenatal death, spontaneous abortion, stillbirth as well as a low birth weight 
(LBW; weight <2500g) infant. These infant outcome findings were supported by similar 
results from recent Tanzanian data[9]. Whilst LBW was significantly associated with infant 
acquisition of HIV (AOR 2.1, p<0.01) and early infant deaths before 6 weeks of age (AOR 
8.3, p<0.001), maternal HIV was not an independent associated factor with early infant death 
per se. HIV was found to be a much weaker determinant of adverse maternal outcomes than 
anaemia and malaria in a Tanzanian study of over 1500 births[10]. The reasons for this are 
unclear although HIV may have contributed to the severity of both of these factors. 

 
 
HIV Testing is increased By Comprehensive 

Counselling, PMTCT Availability, and Opt-Out 
Testing Strategies 

 
The use of a single rapid HIV test at around 20 weeks gestation as recommended by the 

WHO[11] is a highly cost-effective screening test which should be offered as a minimum to 
all pregnant women. However, many women in low-resource parts of the world fail to benefit 
from this test[12]. Suggested reasons contributing to poor uptake of HIV testing include 
poverty and difficulty in accessing health care, late presentation to antenatal services, stigma, 
fear of obtaining a positive result and subsequent potential violence and ostracism at home, 
and lack of awareness of prevention of mother-to-child transmission (PMTCT) 
interventions[13-18]. In addition, the lack of health care infrastructure, irregular and 
insufficient supply of test kits, and inadequate numbers of health care professionals and 
counsellors also contributed[9, 12]. Addressing these issues is a significant challenge, 
although high test uptake has been demonstrated in some settings through the use of opt-out 
testing strategies, high quality counselling of pregnant women regarding testing benefits, 
increased availability of HIV testing services, promotion of PMTCT services to the public at 
all levels, and changing attitudes towards people living with HIV[19, 20].  

 
 

Repeat Testing in Late Pregnancy May Be 
Important to Detect Primary HIV Infection 

 
Routine HIV antibody tests remain negative for the first 4-5 weeks following acute 

infection[21]. Evidence is accumulating reporting infant perinatal infection arising from 
maternal HIV infection acquired during pregnancy[22-24]. Studies in Malawi[4]  and 
Uganda[2] demonstrate the significantly increased risk of HIV acquisition during pregnancy 
with incidences of 5.98 and 7.9 per 100 person years respectively. This has highlighted the 
need to adopt enhanced testing strategies that will detect primary HIV infection (PHI) during 
pregnancy.   
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The detection of PHI is important for two reasons. Firstly, it allows early appropriate 
HIV clinical management with short term antiretroviral regimens for PMTCT prophylaxis, 
and secondly, early identification allows a longer potential duration of PMTCT antiretroviral 
therapy, reducing the risk of MTCT[25]. Given that a high maternal RNA viral load at the 
time of delivery acts as a major risk factor in transmission[26], it is likely that the MTCT rate 
will be increased during the high viral loads associated with PHI[27].  

The diagnosis of HIV in developing countries is often dependant on a single use HIV test 
kit. A second test kit from a different manufacturer is conventionally used to confirm a first 
positive result (serial testing). However, in an approach endorsed by the WHO[28], some 
studies have shown that the detection of PHI may be improved if 2 rapid tests are used 
simultaneously on all women to also confirm a negative result (parallel testing)[21, 29]. 
Further, whilst modern laboratory based 3rd and 4th generation ELISAs (the latter including a 
p24 antigen) can reduce the window period to less than 2 weeks[30], a number of high and 
low-resource countries have introduced a 2-stage testing strategy which includes repeat 
testing in the third trimester [31, 32]. Some have even advocated providing rapid HIV testing 
to women of uncertain HIV status presenting in labour, an approach that has proved feasible 
and cost-effective in both a resource rich[33, 34] and resource poor environment[12].  

In non-pregnant, HIV-antibody negative individuals other testing methodologies have 
been used to detect PHI notably nucleic acid amplification techniques (NAAT). The cost-
effectiveness of NAAT is improved by pooling the serum of many individuals to screen for 
the presence of HIV RNA with a positive result then prompting individual testing of each 
sample. NAAT testing has proved cost effective in low seroprevalent areas[35], and has 
increased the case detection rate of acute infections by 6-8% in both high resource[36, 37] 
and low resource settings[21, 38]. Such alternative testing algorithms allows, in high 
prevalence and incidence settings, substantial numbers of PHIs to be detected, offering new 
opportunities for HIV prevention and treatment[21]. 

 
 
Mother to Child Transmission (MTCT) of HIV 

 
Globally each year there are around 800,000 new paediatric HIV infections[39]. By 2 

years of age around 35% of exposed infants can become infected with HIV, with 
transmission occurring in utero, during labour, and postpartum as a result of 
breastfeeding[40]. The risk of transmission increases with a low maternal CD4 count[41, 42], 
maternal high viral load[43-46], occurrence of sexually transmitted infections during 
pregnancy[47], prolonged rupture of membranes[47, 48], vaginal delivery (as opposed to 
caesarean section)[49, 50], breastfeeding duration[51, 52], mixed feeding[53, 54], and 
maternal mastitis[55, 56]. As antiretroviral regimens to reduce peripartum transmission have 
become widely available in high HIV prevalent areas, the reduction of transmission through 
breastfeeding is an urgent priority. 
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Antiretrovirals for Women in a Resource-Rich 
Setting 

 
Highly successful interventions employed in developed countries including the use of 

HAART, elective caesarean sections, and the avoidance of breastfeeding, have reduced 
transmissions to under 2%[57]. Current US 2008 antiretroviral therapy (ART) guidelines for 
women requiring therapy for her own health  (Table 2)[58] recommend commencing potent 
combination therapy consisting of 2 nucleoside reverse transcriptase inhibitors (NRTI) plus 1 
non-nucleoside reverse transcriptase inhibitor (NNRTI) or protease inhibitor (PI). Because of 
its ability to cross the placenta, zidovudine (ZDV) has played a central role in most 
antiretroviral trials, and as such, should ideally form part of any treatment combination. The 
drug choices are the same as for non-pregnant individuals but with some caveats (Table 3). 

A randomised controlled trial of 436 women showed that elective caesarean section at 38 
weeks was associated with a reduced risk of MTCT at 6 weeks postpartum compared with 
vaginal delivery (1.8% versus 10.5%, OR 0.2(0.1-0.6), p<0.001)[49]. Current US guidelines 
(2008) recommend that the HIV plasma RNA viral load is rendered undetectable before 
delivery, and, despite the paucity of supportive evidence, advise women with viral loads over 
1000 copies/ml to be scheduled for an elective caesarean section[58].  

With these PMTCT strategies rates of less than 2% have been achieved (Table 4). 
Women requiring ARVs for their own health should be provided with the same antiretroviral 
options in conjunction with the avoidance of breastfeeding and the appropriate use of 
caesarean section (Table 2)[58].  

 
 

ART Regimens Including Pis May Predispose to an 
Increased Risk of Preterm Delivery  

 
Since 1998 combination ART, including protease inhibitors, has been associated with 

preterm labour, with European cohorts showing a link[59-62], although others from the 
United States showing no effect[63-65]. Drawing firm conclusions however has been difficult 
given the differences between the populations and methodological approaches[63] and the 
lack of controlling for the duration of PI use[63], prior preterm delivery and clinical 
stage/viral load[59-62], the latter 2 major risk factors for preterm delivery. 

 



 

Table 2: Management Principles of Prevention of Mother to Child Transmission (PMTCT) of HIV-1 
 

Resource Rich Settings (Modified from US PMTCT Guidelines 2008[58]) Resource Poor Settings (Modified from WHO Guidelines[40, 
74]) 

Preconception and 
Antenatal 

-Use of non teratogenic ARVs if planning pregnancy 
-Aim for maximal preconception viral suppression 
-Consider intrauterine/ intravaginal insemination in HIV discordant 
couples. 

-Standard antenatal care (at least 4 visits) 
-Counselling: development of a birth plan, maternal and infant 
health and nutrition needs including breastfeeding, family 
planning and safe sexual practices 
-ART history including PMTCT interventions 
-Screening for anaemia, malaria, sexually transmitted 
infections (especially syphilis), HIV, tuberculosis 
-Iron/ folate/ multivitamin supplementation, impregnated bed 
net promotion/intermittent sulphadoxine-pyrimethamine 
-Immunization (especially tetanus). 

 

-Standard Antenatal Care, HIV Staging, ARV drug history 
-Baseline Bloods (CD4, HIV RNA Viral Load, Full blood count, renal 
and liver function), Baseline ARV resistance testing 
-Screen for HBV, HCV, rubella, syphilis 
-First trimester ultrasound to assess dates 

 

Criteria: CD4<350cells/ml; Viral load >100,000 copies/ml; Declining 
CD4 >100 cells/ml/year; symptomatic disease. 

Criteria: CD4<200 cells/ml, or CD4<350 cells/ml PLUS Stage 
3, or stage 4 

ARV For own 
Health 
purposes -Treatment: Immediate triple therapy (ZDV/another NRTI/NNRTI or 

PI), Avoid EFV, Avoid NVP if CD4>250 
-Tailor to individual and resistance testing 
-Cotrimoxazole prophylaxis 

-ZDV/3TC/NVP or PI or (less effective) triple NRTI; 
Substitute EFV for NVP or a PI unless in 2nd/3rd trimester 
-Potential for suboptimal suppression in women receiving 
NNRTI who have had previous NVP PMTCT 
-Cotrimoxazole prophylaxis 

 
 
 
 

Table 2. (Continued)  



 

 

 
Resource Rich Settings (Modified from US PMTCT Guidelines 2008[58]) Resource Poor Settings (Modified from WHO Guidelines[40, 

74]) 
For PMTCT 
purposes 

Initiation of HAART as above from 12 weeks gestation until end of 
delivery. Tailor to individual and resistance testing;   

ZDV from 28 weeks until delivery. Contraindicated in 
significant maternal anaemia (<7g/L) 

 
Monitoring 
HIV RNA 
viral load 
response 
and toxicity 

-4 weeks-1 log reduction; 24wks <400 copies/ml; 48wks <50 
copies/ml. 
-Monitor monthly; If suboptimal suppression, consider resistance 
testing 
-Watch LFTs (PI, NVP, hepatic steatosis, lactic acidosis), FBC (ZDV) 

Watch for hepatic dysfunction if NVP and CD4>250 cells/ml 
 

Delivery  HIV RNA viral load 34-36wks >1000 copies/ml- arrange elective C/S 
at 38 weeks; If stopping ARVS postpartum, stop NNRTI 7 days before 
stopping other ARVs. Women of unknown HIV status: Rapid HIV test. 
If positive, intravenous ZDV and sd-NVP 

Intrapartum maternal sd-NVP PLUS single dose ZDV/3TC 

Postpartum/ Infant -Infant feeding counselling with promotion of replacement feeding 
-6 weeks ZDV started within 6-12 hours 
-Immunisations 
-HIV RNA PCR 6 weeks 
-Infant Cotrimoxazole until shown to be HIV RNA PCR negative. 

-Postpartum Maternal ZDV/3TC 7days; Infant sd-NVP PLUS 
ZDV 7days (28 days if maternal ART <4 weeks) 
-Infant feeding counseling detailing risks and benefits of 
different options. Support Exclusive Breastfeeding for 6 
months (unless replacement feeding acceptable, feasible, 
sustainable, affordable, and safe before then) 
-Immunisations 
-HIV RNA PCR at 6 weeks 
-Infant Cotrimoxazole until shown to be PCR negative. 



 

Table 3: Side effects of Antiretrovirals pertinent to pregnancy[58] 
 
 

 
 
 
 

Nucleoside Reverse Transcriptase Inhibitors (NRTI) 
Anaemia Zidovudine is associated with anaemia and neutropenia in women and infants[136] 
Mitochondrial 
Toxicity 

All NRTI drugs associated with neuropathy, myopathy, cardiomyopathy, pancreatitis, 
hepatic steatosis, and lactic acidosis. Combinations of d4T and 3TC[137], and d4T and 
ddI[138] have been particularly associated with severe life threatening lactic acidosis in 
pregnancy. 

Non Nucleoside Reverse Transcriptase Inhibitors (NNRTI) 
Efavirenz (EFV) 
Induced 
Teratogenicity 

EFV should be avoided in the first trimester due to significant fetal malformations in 3/20 
monkeys in preclinical studies[139]. Use in the 2nd trimester may be considered if there are 
no other alternatives. Many clinicians would continue the drug if pregnancy has occurred 
whilst on EFV and the woman is into her 2nd trimester[58, 140]. 

Nevirapine (NVP)-
Induced 
Hepatotoxicity 

Women with a CD4 >250 cells/ml are at an increased risk of potentially life-threatening 
NVP-induced hepatotoxicity and rash. NVP should only be started in these circumstances 
when the benefits outweigh the risks in conjunction with frequent monitoring of liver 
function[141, 142].  

Protease Inhibitors (PI), Entry inhibitors, and Integrase Inhibitors 
Hyperglycaemia Whilst PIs may cause hyperglycaemia, there is no evidence that their use in pregnancy 

confers any additional risk[143]. 
No experience in 
pregnancy 

PIs: Atazanavir, Darunavir, Fosamprenavir, Tipranavir; Entry inhibitors: Enfurvirtide and 
Maraviroc; Integrase inhibitor: Raltegravir[58]. 



 

Table 4: Studies of PMTCT Interventions 
 
Selected 

Antiretroviral 
Studies 

Sample 
size 

Arm/Ar
m (Total) 

Comparison 

 
Study Description 

BF 
or  
RF 

Intervention 
(95% CI; 
where listed) 

Comparison 
(95% CI; 
where listed) Reduction 

P 
Value 

Zidovudine monotherapy throughout pregnancy and delivery 
PACTG 
076[136] 
(USA) 

180/183 ZDV v placebo From 14 wks antepartum, (iv) ZDV 
during delivery; 6 wks infant; 

RF 8.3 25.5 67 0.001 

Combination Antiretrovirals 
ANRS 075[64] 
(France)  

445/899 ZDV/3TC v ZDV 
(historical control) 

ZDV from 14 wks/3TC from 32 wks; 
infants 3TC 6 wks.  

RF 1.6 6.8 76 <0.001 

710 ZDV Observational study RF 10.4(8.2-12.6) Ref. Arm - - 
186/710 Dual Therapy v ZDV Observational study RF 3.8 (1.1-6.5) 10.4 OR 0.33 0.03 

WITS, 
observational 
cohort[144] 250/710 HAART v ZDV  Observational study RF 1.2 (0-2.5) 10.4 OR 0.15 0.002 
Dorenbaum 
[145] 

642/628 ZDV or Dual or HAART 
Plus NVP or placebo 

 Observational study. Maternal ARVs; 
NVP to mother and infant. 

RF 1.4β 1.6 0 NS 

Short Course ARVs v Placebo 
5 192/197 

(421) 
ZDV v placebo From 36 wks antenatal to intrapartum; 7 

days ZDV  postpartum (mother) 
 

RF 18.0 
 

27.5 
 

35(0.05-0.60) 
6 months 
MTCT Rate 

0.027 

RETRO CI[77] 
(Cote d’Ivoire) 

140/140 
(280) 

ZDV v placebo From 36 wks antepartum to intrapartum 
 

BF 12.2(6.2-17.8) 21.7(14.0-28.8) 44 (4 wks 
MTCT Rate) 

0.05 

PETRA [78] 
(Tanzania, 
Uganda, South 
Africa) 

475/371 
(1797) 

ZDV/3TC v placebo 
PETRA A 

From 36 wks antepartum (mother); 1 wk 
infant, 1 wk postpartum (mother). 
 

BF 5.7 
 

15.3 
 

63 (35-79)  
6 wks MTCT 
Rate 

0.001 
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Selected 
Antiretroviral 
Studies 

Sample 
size 
Arm/Arm 
(Total) 

Comparison  
Study Description 

BF or  
RF 

Intervention 
(95% CI; 
where listed) 

Comparison 
(95% CI; 
where listed) 

Reduction P 
Value 

474/371 
(1797) 

ZDV/3TC v placebo 
PETRA B 

Intrapartum (mother); 1 wk infant; 
1 wk postpartum (mother). 
 

BF 8.9 15.3 42(6-64)  
6 wks MTCT 
Rate 

0.016 

 
471/371 
(1797) 

ZDV/3TC v placebo 
PETRA C 

Intrapartum 
 

BF 14.2 15.3 0 (6 wks 
MTCT Rate) 

NS 

Selected 
Antiretroviral 

Studies 

Sample 
size 

Arm/Arm 
(Total) 

Comparison 

 
Study Description 

BF or  
RF 

Intervention 
(95% CI; 
where listed) 

Comparison 
(95% CI; 
where listed) Reduction P value 

Longer Course versus Short Course 
419 ZDV: Long-Long arm From 28 wks antepartum; 6 wks 

infant 
RF 6.5(4.1-8.9) Reference 

Arm 
- - 

350/419 ZDV: Long-Short arm From 28 wks antepartum; 3 days 
infant 

RF 4.7(2.4-7.0) 6.5(4.1-8.9) 28 NS 

345/419 ZDV: Short-Long arm From 35 wks antepartum; 6 wks 
infant 

RF 8.6(5.6-11.6) 6.5(4.1-8.9) 0 NS 

323/419 ZDV: Short-short arm From 35 wks antepartum; 3 days 
infantα 

RF 10.5(6.4-14.4) 6.5(4.1-8.9) 0 - 

 
 
 
PHPT-1[25] 
(Thailand) 

1437 (all) ZDV 
Pooled Analysis 

(Long-Long PLUS Long-Short) v 
(Short-Long PLUS Short-Short). 6 
Months MTCT Rate 

RF 1.6(0.7-2.6) 5.1(3.2-7.0) 69  <0.001 

Bhoopat et 
al[79] 
(Thailand) 

23/27 ZDV (long) v ZDV 
(short) 

ZDV 62-92 days antenatally v 
ZDV 14-35 days antenatally.HIV-
1 detected in placental tissue 

- 22 67 67 <0.02 
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Selected Sample Comparison  BF or  Intervention Comparison Reduction P 



 

 

Antiretroviral 
Studies 

size 
Arm/Arm 
(Total) 

Study Description RF (95% CI; 
where listed) 

(95% CI; 
where listed) 

Value 

Intrapartum Nevirapine 
11.9(8.2-15.7) 21.3(16.4-

26.2) 
44 (8wks) 0.003 HIVNET 

012[80, 81] 
(Uganda) 

308/310 
(626) 

sd-NVP v ZDV 200mg Intrapartum; 2mg/kg NVP 
infant within 72hours v Maternal 
ZDV 300 mg 3hrly until delivery; 
neonatal ZDV 

BF 

15.7(11.5-
19.8) 

25.8(20.7-
30.8) 

39(18mnth 
MTCT rate) 

0.0023 

SAINT[82] 
(South Africa) 

662/657 
(1317) 

Intrapartum 
Maternal/infant 
ZDV/3TC v 
Maternal/infant NVP 

Intrapartum Maternal Multiple 
dose ZDV/3TC;Maternal/Infant 
ZDV/3TC 1 week v Intrapartum 
Maternal sd-NVP; Infant sd-NVP 
within 24-48 hours  

BF 9.3(7.0-11.6) 12.3(9.7-15.0) 23 (8wks 
MTCT rate) 

NS 

Zidovudine combined with Nevirapine 
PHPT-2[83] 
(Thailand) 

724/721 
(1844) 

ZDV/ NVP –NVP 
versus ZDV/NVP-
Placebo versus 
ZDV/Placebo-Placeboδ 

ZDV from 28 wks antepartum; 
NVP intrapartum (maternal); NVP 
(infant) 

RF 1.1(0.3-2.2) 
NVP-NVP 

6.3(3.8-8.9) 
Placebo/ 
placebo 

83 (6mnths 
MTCT rate) 

<0.001 

Short course Neonatal prophylaxis 
NVAZ[90] 
(Malawi) 

484/468 
(1119) 

NVP/ZDV v NVP Single dose NVP at birth; ZDV 
for 7days postpartum 

BF 15.3 20.9 27 (6wks 
MTCT rate) 

0.03 

Taha et al[91] 
(Malawi) 

446/448 
(894) 

Maternal NVP; 
Neonatal NVP/ZDV v 
NVP alone 

Maternal NVP; Single dose NVP 
at birth; ZDV for 7days 
postpartum 

BF 16.3(12.7-
19.8) 

14.1(10.7-
17.4) 

0 (6 wks 
MTCT rate) 

0.30 
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Selected 
Antiretrovira
l Studies 

Sample 
size 
Arm/Arm 

Comparison  
Study Description 

BF or 
 RF 

Intervention 
(95% CI; 
where listed) 

Comparison 
(95% CI; 
where listed) 

Reduction P 
Value 



 

(Total) 
Longer course Neonatal prophylaxis 

598/602 
(1200) 

BF/ZDV v RF Maternal ZDV from 34 wks to 
intrapartum. Infant BF/ZDV,6 
months or replacement 
feeding/ZDV,1 month 

BF 9.0 5.6 0 (7 month 
cumulative 
MTCT rate) 

0.04  
 
MASHI[97] 
(Botswana) 

598/602 
(1200) 

BF/ZDV v RF Maternal ZDV from 34 wks to 
intrapartum. Infant BF/ZDV,6 
months or replacement 
feeding/ZDV,1 month 

BF 15.1 13.9 0 (18 months 
death/HIV) 

0.6 

MITRA[103] 
(Tanzania) 

398/264 Neonatal 3TC Maternal ZDV/3TC from 36 wks to 
7 days postpartum; Neonatal 
ZDV/3TC 7 days with/without 6 
months 3TC  

BF 8.5  15.5 45 (6 months 
death/HIV) 

<0.001 

SWEN[104] 
(multicentre) 

977/1047 Neonatal 6 wks NVP v 
sd NVP 

Intrapartum sd-NVP (maternal); 
neonatal sd-NVP or 6 weeks NVP  

BF 5.1 6.3 19 (6 months 
MTCT rate) 

0.16 

1099/1088 
(3016) 

Neonatal NVP 
(long)/ZDV (short) v 
control  

NVP 14 wks/ZDV 7days V Sd 
NVP/ZDV 7 days (control) 

BF 5.2(3.9-7.0) 10.6(8.7-12.8) 51(9months 
MTCT rate) 

<0.001  
PEPI[105] 
(Malawi) 

1089/1088 
(3016) 

Neonatal NVP 
(long)/ZDV (long) v 
control 

NVP 14 wks/ZDV 14 wks V Sd 
NVP/ZDV 7 days (control) 

BF 6.4(4.9-8.3) 10.6(8.7-12.8) 45(9months 
MTCT rate) 

0.002 

SIMBA[106] 

199/198 
(413) 

Neonatal 3TC v 
Neonatal  NVP during 
BF period PLUS 4 
weeks 

Antepartum 36 weeks ZDV/ddI to1 
wk post partum; Neonatal 3TC or 
NVP for BF PLUS 4 weeks. 

BF 11.05 10.60 0 (6 months 
Total 
HIV/deaths) 

NS 

Table 4. (Continued)  
 

Selected 
Antiretrovira
l Studies 

Sample 
size 
Arm/Arm 
(Total) 

Comparison  
Study Description 

BF or 
 RF 

Intervention 
(95% CI; 
where listed) 

Comparison 
(95% CI; 
where listed) 

Reduction P 
Value 



 

 

Postpartum maternal prophylaxis 
MITRA PLUS 
[108] 
Observational 
(Tanzania) 

441 (total) ZDV/3TC/NVP  (NVP 
replaced by NLFγ) 

Maternal HAART from 34 wks to 6 
months postpartum 

BF 5.0 (6 months) - - - 

αPHPT-1  Short-Short arm was discontinued during the interim    3TC  Lamivudine 
analysis  (inferiority).       BF  Breastfeeding 
βDorenbaum et al  Trial terminated early- lower than expected transmission rates   HAART  Highly Active Antiretroviral Therapy 
γMITRA PLUS Following the finding that women with higher CD4 counts have   NVP  Nevirapine 
a higher risk of NVP-induced hepatotoxicity.    RF  Replacement Feeding  
δPHPT-2  Placebo-Placebo “Nevirapine” arm terminated during an   Sd-NVP  Single Dose Nevirapine 
interim analysis due to inferiority     ZDV  Zidovudine 
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A 12 year, prospective, single centre American cohort study with a standardised protocol 
demonstrated that HIV-infected pregnant women treated with a PI-containing combination 
had an increased risk of preterm labour (<37 weeks) when  compared to women using 
monotherapy or combination therapy without a PI[66] (Table 1). This finding was supported 
by results from a study of 227 women in London which found an association between 
preterm labour and PI-containing combinations only in those who had started their ARVs 
during their pregnancy (OR 3.5, CI 1.5-8, p=0.02)[67]. Another UK-based study showed an 
increased risk for women taking HAART per se (OR 1.51, CI 1.19-1.93, p=0.001) and not 
just PI-containing combinations[68]. However, although the benefits of HAART in reducing 
MTCT risk outweigh the potential adverse effects in most settings, PI-containing 
combinations should be started during pregnancy with some caution[66, 67], women 
counselled about potential risks[66, 67], with ZDV monotherapy combined with caesarean 
section remaining an alternative option for women receiving ART for prophylaxis purposes 
only[67]. 

One proposed mechanism that may explain the phenomenon of PI-induced premature 
delivery involves reversal of the TH1 to TH2 cytokine switch that naturally occurs during 
pregnancy. Immunosuppressive TH2 cytokines such as IL10 and IL4 are produced by the 
fetoplacental unit to reduce cell mediated activation and maintain the fetal “allograft”. 
Antiretrovirals act to promote type 1 cytokines, such as IL2 and γ-interferon, which may 
benefit the control of HIV disease but which could harm the viability of a pregnancy[69, 70]. 

 
 
Antiretrovirals for Women in a Resource-Poor 

Setting 
 
Many of the costly and complex interventions available in resource rich settings are 

inappropriate in a developing world setting. The complete avoidance of breastfeeding by 
HIV-infected women in many parts of the world exposes infants to risks including life-
threatening infections[71] and malnutrition due to inadequate replacement feeding[72, 73]. 
WHO[74] ART recommendations for women requiring ART for their own health in 
developing countries tend to follow similar principles as for resource-rich settings (Table 2), 
although the absolute drug choices and the CD4 count at which they are started will vary 
locally according to cost and availability. However, for women requiring ART for PMTCT 
purposes, shorter, less expensive prophylactic regimens appropriate to a developing world 
setting have become available (Table 4). 

 
 

1. Antepartum Arvs Alone Reduce Peripartum MTCT 
 
Three early trials in a breastfeeding population, DITRAME[75, 76], RETRO-CI[77], and 

PETRA[78] demonstrated that ZDV or ZDV/lamivudine (3TC) given from 36 weeks was 
effective in reducing early HIV transmission at 6 weeks when compared to placebo. 
However, infants who were breastfed remained at risk of becoming infected and no 
significant difference was seen in the risk of MTCT[78] or infant death[76] at 18 months. 
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The subsequent PHPT-1 study[25] and that from Bhoopat et al[79] conducted in non-
breastfeeding populations demonstrated that maternal ZDV starting at 28 weeks gestation 
was superior to those starting at 36 weeks gestation (1.6% versus 5.1%, p<0.001).  

 
 

2. Intrapartum Nevirapine is Effective but Associated with NVP Resistance 
Mutations 

 
In HIVNET 012[80] single dose nevirapine (sd-NVP) given to women at the onset of 

labour as well as to neonates (within 72 hours of birth) was shown to significantly reduce 
MTCT rates when compared to intrapartum maternal ZDV plus 7 days of neonatal oral ZDV 
(11.9% versus 21.3%). A significant difference remained through to 18 months, with a 
median of 9 months of breastfeeding for 99% of all infants. (15.7% versus 25.8%)[81].  The 
similar South African SAINT trial[82], which differed from HIVNET 012 by comparing 
maternal and neonate combined ZDV/3TC with maternal and neonate sd-NVP, showed 
equivalence between the two arms. 

In formula-fed infants, the PHPT-2[83] trial demonstrated the superiority of combining 
maternal/infant NVP with maternal ZDV commencing at 28 weeks and infant oral ZDV for 1 
week. The 6 week transmission rate of the arm receiving both maternal and infant NVP was 
lower than the placebo-placebo arm (1.9% v 6.3%), but statistically similar to the maternal 
NVP/infant placebo group (2.8%). 

Subsequent analysis of the HIVNET 012 dataset showed that 19% (21/111) of women 
had developed NVP resistance (most commonly K103N) at 6-8 weeks[84] as had 46% 
(11/24) of evaluable infected infants (most commonly Y181C). These mutations became 
undetectable in all women and infants by 12-24 months. A meta-analysis of studies using sd-
NVP found NVP resistance prevalence of 35.7% over 10 maternal treatment arms, and 52.6% 
in 7 infant treatment arms. This latter figure falls to 16.5% when combined with other 
antiretroviral[85]. An increased risk of virological failure appears to be present if NNRTI-
containing HAART is started within 6 months of sd-NVP given for PMTCT purposes[86, 87] 
but not if the intervening period is longer than 6 months[86-88].   

 
 

3. Nevirapine Resistance May Be Reduced By the Use of Antiretroviral 
“Tails” or Avoidance of Maternal Single Dose Nevirapine 

 
NNRTI resistance following the use of sd-NVP occurs as result of prolonged sub-

therapeutic levels resulting from its long half life. The provision of a simultaneous “tail” of 
shorter acting ARVs to provide additional viral suppression during this period leads to 
significantly fewer mutations. In one study the addition of a 3 day postpartum tail of 
ZDV/3TC to women receiving short-course ZDV/3TC and sd-NVP led to 4.3% (3/69, CI 0.9-
12.2%) NVP mutations compared 38.1% (16/42, CI 23.6-54.4%) using short-course ZDV and 
sd-NVP without a postpartum tail[88]. In another study, NVP-resistance was less frequent in 
infants aged 6-8 weeks who had received sd-NVP plus ZDV and whose mothers had not 
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received single dose NVP compared to infants who, along with their mothers, had received 
single dose NVP alone (4/15 (27%) versus 20/23 (87%), p<0.01) [89]. 

 
4. Additional Short Course Neonatal Prophylaxis Is Superior to Sd-NVP 
Alone 

 
In a study from Malawi[90], infants of women presenting late to antenatal services 

(within 2 hours of delivery) who received 1 week of ZDV plus NVP were at significantly 
lower risk of becoming infected by 6-8 weeks than those who received NVP alone (15.3% 
versus 20.9%). In contrast, the addition of neonatal ZDV made no significant difference 
when intrapartum NVP was provided to both mother and child [91]. It is unclear why this 
study did not show an additional benefit of short course ZDV but it is speculated that ZDV 
may not have offered any additional inhibition over maximal neonatal concentrations of 
NVP. 

 
Breastfeeding Interventions 

 
Breastfeeding is crucial to the survival of infants in resource constrained 

environments[40, 71, 72, 92-95]. Its benefit is mediated through the transfer of passive 
immunity and nutrition[96], protection against infection (notably diarrhoea, pneumonia, 
neonatal sepsis, and otitis media), and also helps mothers space their pregnancies[40]. 
However, breastfeeding by HIV-infected mothers exposes infants to HIV[40]. 

Whilst many short course regimens result in a reduction in peripartum transmission 
assessed at 6 weeks, there is often either no improvement in the HIV-uninfected infant 
survival at 2 years as a result of infectious illness and malnutrition following rapid cessation 
of breastfeeding, or subsequent HIV infection through breastfeeding. The MASHI study[97], 
which randomised infants taking 1 month of oral ZDV to receive either breastfeeding or 
formula milk for 6 months, showed that whilst the formula arm resulted in fewer HIV 
infections at 7 months, the combined mortality and HIV infection between the arms at 18 
months were similar (13.9% versus 15.1%, Table 4). 

 
 

1. Exclusive Breastfeeding Reduces the Risk of Postpartum Vertical 
Transmission 

 
Exclusive feeding means giving the infant breastmilk only, with no additional fluids or 

solids. The Vertical Transmission Study (VTS), conducted in a largely rural area of South 
Africa[53], was a non-randomised intervention study which examined postnatal HIV 
transmission among 1372 HIV-infected women, 1132 of whom initiated breastfeeding, 
mostly exclusive, after birth. The median duration of breastfeeding was 159 days.  The 
estimated risk of acquisition of infection at 6 months of age in exclusively breastfed infants 
who were HIV-uninfected between 4 and 8 weeks was 4.04%.  There was an almost 11-fold 
difference in postnatal risk between exclusively breastfed (EBF) infants and those who had 
received breast milk and solids; and a nearly two-fold difference between EBF infants and 
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those who, at 12 weeks, had received breastmilk and formula milk (HR 1.82, 0.98-3.36, 
p=0.057). 

 
 

2. Prolonged Breastfeeding Increases the Risk Of MTCT But Rapid 
Cessation of Breastfeeding May Be Associated with Increased Infant 
Mortality 

 
Although it has been suggested that the highest risk of MTCT occurs during the early 

months of breastfeeding[98], the additional importance of late postnatal transmission was 
demonstrated by a meta-analysis of 9 trials which showed that 42% of infants with known 
timing of infection were infected through breastfeeding after 6 months[99].  A recent 
Malawian study[100] of 1256 breastfed infants known to be uninfected at age 6 weeks 
showed that 9.7% infants became infected by 24 months with the majority (87.4%) occurring 
as late infections after 6 months of age. Risk factors included high plasma and breast milk 
HIV RNA viral loads, and mastitis. These trials show that the risk of acquiring HIV continues 
for the duration of breastfeeding [100]. 

Recent studies suggest that policies of rapid  cessation of breastfeeding at 6 months, 
when complementary feeds need to be introduced for all infants, may be associated with 
significant infant morbidities as well as incurring financial costs of milk-replacement 
provision and social costs of stigmatisation through the disclosure of HIV status[101]. A 
randomised trial in Zambia[101] compared HIV-infected women randomised to rapid 
weaning at 4 months with women who were supported to exclusively breastfeed for 6 months 
with cessation of breastfeeding when they thought appropriate after relevant counselling. In 
spite of the relatively long median duration of 16 months to cessation of breastfeeding in the 
group who exclusively breastfed, the study showed that the action of rapidly stopping 
breastfeeding HIV uninfected infants at 4 months did not improve infant HIV-free survival at 
24 months. The difference may have been greater since only 69% of women in the rapid 
wean group had stopped by the end of 5 months with the rest continuing to breastfeed, 
increasing the number of HIV infected infants in that arm. WHO recommends that HIV-
infected breastfeeding women should continue breastfeeding after 6 months unless an 
acceptable, feasible, affordable, sustainable, and safe (AFASS) alternative is available[102], 
with appropriate good quality counselling[51]. 

 
 

3. Longer Neonatal Prophylaxis Significantly Reduces the Risk of Postnatal 
Transmission Through Breastfeeding 

 
A number of trials have investigated the principle of providing infants with a prolonged 

course of ZDV, 3TC, or NVP to cover the breastfeeding period[97, 103-106] (Table 4). Of 
these the PEPI trial[105], conducted in breastfeeding infants of mothers who had not received 
any MTCT interventions, showed that those infants receiving extended prophylaxis with 
NVP or NVP plus ZDV for 14 weeks showed significantly fewer MTCT at 9 months than the 
control group  (5.2% versus 6.4%  versus 10.6%). Whilst clearly effective and simple to 
implement, the risk of transmitting NVP or 3TC resistant virus to infants who become HIV-
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infected despite prophylaxis is of significant concern[107]. In addition, the costs of providing 
prolonged antiretrovirals at a programmatic level need to be addressed. Future studies are 
awaited, in particular the PROMISE study (NIH; extended NVP) and the PROMISE-PEP 
(ANRS; extended 3TC) in uninfected infants whose mothers receive antenatal and peripartum 
ART. 

 
 

4. Post Partum Maternal Prophylaxis is Likely to Reduce the Risk of 
Postnatal Transmission in a Breastfeeding Population 

 
The principle of providing up to 6 months of postpartum triple therapy to breastfeeding 

mothers to reduce the risk of postnatal transmission was demonstrated in the non-
randomized, open-label, prospective MITRA PLUS study[108] and the similar Kisumu 
Breastfeeding Study (Kenya)[109], the former achieving 6 month MTCT rates of 5.0% 
(Table 4). Further information will come from two randomised trials evaluating the use of 6 
months of maternal HAART for the prevention of postnatal transmission, the multicentre, 
sub-Saharan “Kesho Bora” trial[110] and the Breastfeeding, Antiretrovirals and Nutrition 
(BAN) study in Malawi[111].  

 
 

Co-Morbidity with Malaria, Anaemia, and 
Tuberculosis Results in Poor Outcomes 

 
With the burden of HIV in pregnancy occurring in sub-Saharan Africa, it is not 

surprising that there will be frequent overlap with other conditions which cause morbidity in 
pregnancy, notably malaria, anaemia, sexually transmitted infections, and tuberculosis 
(TB)[10]. 

Studies in areas of stable malaria transmission have demonstrated higher maternal HIV 
plasma RNA viral loads in dually infected women although it is unclear if this results in 
higher MTCT rates[112]. Infants are more likely to be of LBW, preterm birth, and 
intrauterine growth retardation than those infected with either pathogen alone. In addition, 
women have higher rates of clinical malaria, higher parasite counts, more anaemia, and 
reduced response to antimalarial therapy[112]. A recent meta-analysis demonstrated that the 
use of intermittent monthly sulphadoxine-pyrimethamine in HIV-infected women in their 1st 
or 2nd pregnancy not receiving cotrimoxazole resulted in less placental malaria (RR 0.34, CI 
0.18-0.64) and higher birth weight (mean difference 112 g, CI 19-205g)[113-115]. Pregnant 
women in malarial areas are also advised to use impregnated bed nets. 

Anaemia during pregnancy is common, particularly in resource poor countries. HIV-
infected women have a higher prevalence of anaemia than HIV-uninfected women, especially 
with increasing immunosuppression[116, 117]. HIV may cause anaemia directly through 
disruption of haematopoiesis, through the host immune system cytokine response (anaemia of 
chronic disease), and through antiretroviral therapy, most notably ZDV[118]. As a result, the 
WHO recommends avoiding  ZDV in women with a haemoglobin below 7g/L until the 
anaemia is corrected[74]. Anaemia may also be caused by nutritional deficiencies (iron, 
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folate, and Vitamin A), parasitic infections (schistosomiasis and hookworm), and other 
chronic infections, and increases in severity as pregnancy progresses (up to 69% by the 3rd 
trimester)[119]. Conventional antenatal care provides iron, folate and multivitamin 
supplements as prophylaxis against anaemia. Severe HIV–associated anaemia has been 
managed with either blood transfusion or, in resource rich countries, erythropoietin 
alpha[120]. However mortality is increased with the use of the former, possibly secondary to 
transfusion related immunosuppression, and little experience exists with the latter in 
pregnancy[118]. Whilst anecdotal evidence exists implicating helminthic infections in 
adverse pregnancy outcomes and enhancing HIV-vertical transmission, they play a minor role 
in causing anaemia in HIV-infected pregnant women in developing countries[121, 122]. 

Nearly a million people acquire sexually transmitted infections (STI) including HIV 
every day[123]. HIV and STI’s are intimately interlinked, having similar risk factors and with 
each potentiating the acquisition of the other. Concomitant genital ulcer disease, mostly 
herpes simplex virus type 2[124] and syphilis[125], has been attributed to an increased risk of 
HIV acquisition. In addition, symptomatic and asymptomatic shedding of herpes simplex 
type 2 increases HIV-1 viral loads[126]. Whilst initial trials of HSV-2 suppressive therapy 
with acyclovir seem ineffective at reducing HIV acquisition[127], it remains unclear if HSV 
suppression can delay HIV disease progression.  Untreated, often asymptomatic, gonococcal 
and chlamydial infections results in pelvic inflammatory disease in up to 40% of women, 
25% of which will result in infertility, as well as blindness in 4000 neonates every year as a 
result of neonatal opthalmia[123]. In a study of HIV-infected women, those co-infected with 
syphilis, but not other infections, had a significantly increased risk of stillbirth (OR 4.8; 95% 
CI 2.4-9.5)[128], in addition to the risk of congenital syphilis. All pregnant women should 
have on-site syphilis serology and screened for symptoms suggestive of an STI[123]. 
Appropriate diagnostics, targeted treatment, and contact tracing is ideal although a syndromic 
approach to management is often used in resource poor settings[123]. Antenatal clinics are an 
ideal opportunity in which to discuss and promote contraceptive choices, safe sexual 
practices, and family planning choices. 

With nearly 9 million new cases and over 2 million deaths per year, TB is the second 
leading cause of infectious disease after HIV/AIDS[129]. TB accounted for 15% of maternal 
deaths in a prospective South African study of over 50,000 deliveries between 1996 and 
1998, with a case fatality rate of 102.7 per 1000 in co-infected women, and an increased 
relative risk of 3.2 compared to HIV-uninfected individuals[130]. TB in pregnancy is often 
diagnosed in the postpartum period, possibly in part due to difficulty in diagnosis during 
pregnancy through the masking of weight loss and systemic symptoms, with an increased risk 
in those with CD4 counts <200 cells/ml and high viral load[131]. Women with a cough 
lasting longer than 2 weeks should receive a chest x-ray[74]. Commencement of TB 
treatment is complicated by potential ART drug interactions, notably with NVP or PIs, with 
efavirenz (EFV) based regimens being preferred in the 2nd and 3rd trimesters of pregnancy 
whilst ZDV/3TC/Abacavir (ABC), if available, offers an alternative option[74].  Children of 
women recently started on TB treatment should receive isoniazid or rifampicin/isoniazid 
prophylaxis for 6 or 3 months respectively. The optimal screening strategy of HIV-infected 
pregnant women, and the relative merits and timing of prophylaxis remains a matter of 
debate[131]. 
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Effective Health-Care Systems are Crucial if 
Women are to Access Appropriate Treatment 

 
Only an estimated 18% of pregnant women in low and middle-income countries received 

an HIV test in 2007, with 12% of HIV-infected women being assessed to determine 
appropriateness of antiretrovirals for her own health[1]. 

For PMTCT programmes to run effectively and sustainably, they need to be integrated 
within existing programmes rather than running independently in a vertical fashion[132]. 
Antenatal and obstetric services need to adopt the role of primary service provider of PMTCT 
services and work closely alongside counsellors, physicians, family planning services, and 
civil society representatives of people living with HIV. Investment in health information is 
required, in particular surveillance, monitoring and evaluation, to assess the effectiveness of 
their programme[133]. Only through the auditing of each step of a PMTCT programme, from 
the uptake of HIV testing, through the delivery of PMTCT, testing of exposed infants, and 
provision of specific HIV care, will a quality service be delivered[134].  

PMTCT needs to be a key part of any national HIV plan, with government driven 
coordination of different departments, numerical targets, standard packages of care in line 
with international standards and investment made in appropriate infrastructure[133]. National 
governments need to train and retain medical staff as well as appropriate task-shifting to non-
professional staff, whilst systems of procurement need to be strengthened to prevent drugs 
and other vital supplies running out of stock[133]. 

 
 

Summary 
 
Mother-to-child transmission rates in resource-rich countries are exceptionally low with 

HAART, avoidance of breastfeeding, and appropriate use of elective caesarean section. 
Whilst ZDV monotherapy appears safe, evidence exists as the potential for HAART, and in 
particular those containing protease inhibitors, to cause preterm labour and pre-eclampsia.  

Pregnant women are at significant risk of acquiring HIV, particularly if they live in areas 
of high prevalence such as sub-Saharan Africa.  Undetected and untreated HIV not only leads 
to poorer maternal and infant outcomes per se but also runs a significant risk of MTCT. 
Additional inter-current common diseases of poverty such as malaria, tuberculosis, anaemia, 
sexually transmitted infections and malnutrition make the situation worse.  

Whilst the benefits of exclusive breastfeeding are of paramount importance in infant 
survival, much remains to be clarified in maximising its advantages and minimising risk. 
Given the detrimental effects of rapid breastfeeding cessation in reducing infant survival, we 
do not know how long the transition period should be from breastmilk to replacement feed, or 
how infant nutrition should be optimised during this period. Despite the recent exciting 
strategies in postpartum maternal HAART and infant prophylaxis, further work needs to be 
done to clarify their role in reducing transmission as well as their potential for subsequent 
ARV resistance.  

HIV-related maternal and infant morbidity and mortality requires the identification of 
high risk HIV-infected women during pregnancy to allow them to receive comprehensive 
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nutritional support, appropriate antenatal care, and appropriate antiretroviral therapy. This 
can only be achieved in the context of integrated antenatal/PMTCT programmes with testing 
strategies able to detect primary HIV infection, and with surveillance systems able to track 
adverse pregnancy outcomes, MTCT rates, infant mortality rates, and monitor health system 
performance.  

Despite the challenges ahead, there is cause to provide some cautious optimism. An 
increasing number of countries are providing combination antiretrovirals, with at least eight 
countries (Argentina, Belize, Botswana, Brazil, Jamaica, Russian Federation, Thailand, and 
Ukraine) exceeding the UN target of 40% PMTCT prophylaxis by 2005, and 3 countries in 
sub-Saharan Africa (Namibia, South Africa, and Swaziland) doubling their uptake between 
2004 and 2006[133]. In the absence of an effective vaccine any time soon, HIV will only 
brought under control through robust health systems at national and local levels promoting 
effective methods of prevention.  
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Abstract 
 

Malaria, HIV infection and anaemia constitute major public health problems during 
pregnancy and are important factors associated with increased risk for adverse pregnancy 
outcomes. The objective of this study was to evaluate the impact of maternal and 
placental malaria, HIV infection and anaemia on perinatal outcome. Pregnant women 
were enrolled at labour ward (LW) at full pregnancy term at Ebonyi State University 
Teaching Hospital (EBSUTH), Abakaliki Nigeria. The study was conducted from 
November 2006 to November 2007. At childbirth, fetal length and head circumference, 
birth weight and placental weight were determined using standard techniques. Maternal 
peripheral, placental, and cord blood samples were obtained. Peripheral and placental 
malaria was detected using microscopy. Haemoglobin concentration (HbC), ABO blood 
group and genotype were performed using standard techniques. HIV infection was 
screened using ELISA and confirmed by Immunoblot analysis. Prevalence of malaria 
was 16.0% and P. falciparum was the only species identified. Individuals of younger age, 
primigravidae and those who never attended antenatal clinic (ANC) were more likely to 



C. J. Uneke, I. Sunday-Adeoye, F. E. Iyare et al. 236 

have malaria. Prevalence of malaria significantly decreased with increase in HbC 
(χ2=23.8, P<0.05). Individuals with HbAA genotype and those with blood group O had 
higher prevalence of malaria infection. Prevalence of HIV infection at childbirth was 
3.6% and malaria prevalence was significantly higher among HIV-positive women 
(χ2=13.3, P<0.05). Malaria infected women had a significantly higher proportion of 
LBW babies (P<0.05). A higher proportion of LBW was recorded among anemic 
women, primigravidae, those with HIV infection, blood group O and HbAA genotype 
and those who never attended ANC. Prevalence of placental malaria was 12.2%. Women 
with peripheral malaria infection had significantly higher proportion (54.2%) of placental 
infection than those without peripheral malaria infection (3.5%) (χ2=94.4, P<0.05). A 
significantly higher proportion (33.3%) of malaria infected placentas had the 
lowest placental weight (0.4kg) (χ2=6.99, P<0.05) and a higher proportion of babies born 
by mothers with malaria infected placenta had low birth weight (<2.5kg), lower fetal 
length and head circumference. Prevalence of fetal anaemia (cord HbC<12.5g/dl) was 
65.6%. Babies of malaria infected, HIV-positive, and anaemic mothers had a higher 
proportion of FA. There is need to strengthen ANC services to ensure delivery of 
malaria, HIV and anaemia interventions within existing health systems, to reduce adverse 
perinatal outcome.  
 
 

Introduction 
 

Malaria in Pregnancy 
 
Malaria during pregnancy is a serious problem in sub-Saharan Africa, affecting an 

estimated 24 million pregnant women (Steketee et al. 2001). Each year between 75,000 and 
200,000 infant deaths are attributed to malaria infection in pregnancy globally (Steketee et al. 
2001). Pregnancies in women living in malaria endemic regions particularly in sub-Saharan 
Africa are associated with a high frequency and density of Plasmodium. falciparum 
parasitaemia, with high rates of maternal morbidity including fever and severe anaemia, with 
abortion and stillbirth, and with high rates of placental malaria and consequently low birth 
weight in newborns caused by both prematurity and intrauterine growth retardation (Steketee 
et al. 2001; Garner and Gülmezoglu, 2001; Bouvier et al. 1997). 

The clinical features of P. falciparum malaria in pregnancy depend to a large extent on 
the immune status of the woman, which in turn is determined by her previous exposure to 
malaria. In pregnant women with little or no pre-existing immunity, such as women from 
non-endemic areas or travelers to malarious areas, infection is associated with high risks of 
severe disease with maternal and perinatal mortality and the women are at particular risk of 
cerebral malaria, hypoglycemia, pulmonary edema and severe hemolytic anaemia (Shulman 
and Dorman, 2003). In malaria-endemic areas, where women have substantial acquired 
immunity, P. falciparum infection during pregnancy is often asymptomatic, thus the more 
transmission is intense and regular, the higher the prevalence of asymptomatic infections 
(Rogier et al. 2005), however the prevalence of clinical and asymptomatic malaria is highest 
in young women and those in their first and second pregnancies (McGregor, 1984). With 
successive pregnancies, women usually acquire a gravidity-dependent form of immunity, 
resulting in a decrease in both prevalence and severity of infection (Brabin, 1983). Hence, 
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most studies suggest that malarial infection is more prevalent and intense in primigravid 
women than in multigravid women in areas endemic for malaria such as sub-Saharan Africa 
(McGregor, 1984; Shulman et al. 1996; Menendez, 1995; Nosten et al. 1991). In recent times 
however, there is increasing evidence indicating significant susceptibility in the 
multigravidae as well (Shulman et al. 2001). 

One outstanding feature of P. falciparum malaria in pregnancy is the sequestration of 
infected RBC within the placenta and this causes premature delivery, low birth weight, and 
increased mortality in the newborn and anaemia in the mother. Parasitized RBC isolated from 
placentas have a unique adhesion property different from parasites collected from non-
pregnant individuals (Beeson et al. 1999; Fried and Duffy, 1996). These parasites bound to 
CSA and failed to adhere to CD36, the critical host receptor for sequestration in 
microvasculature. The apparent dichotomy in adhesion to these receptors was selected to 
allow the parasite to sequester not to endothelium but in placenta, perhaps a site of reduced 
immunity. Indeed, CSA-binding parasites express PfEMP1 with a DBL  domain that binds 
CSA and a non-CD36-binding CIDR1 (Buffet et al. 1999; Gamain et al. 2001). In contrast, 
CD36-adherent parasites express a PfEMP1 with a CD36-binding CIDR1 (Gamain et al. 
2001). 

 
 

Placental Malaria 
 
The sequestration of malaria parasites in the placenta, known as placental malaria, is one 

of the major features of malaria during pregnancy. Its distribution in an infected gravid 
woman varies with the endemicity of malaria and acquired immunity (Okoko et al. 2002). In 
semi-immune women, the proportion of parasitized erythrocytes is often higher in the 
placental than in peripheral blood (Ibanesebhor and Okolo, 1992). The placental 
sequestration of P. falciparum results in the accumulation of parasitized erythrocytes in the 
intervillous space, infiltration by inflammatory cells and release of pro-inflammatory 
mediators (Fried et al. 1998), which cause pathologic alterations (Walter et al. 1982, Bulmer 
et al. 1993; Ordi et al. 1998). Histological abnormalities described in parasitized placenta 
show pathological changes that could reduce the area of syncytium exposed to maternal 
blood and, thus, impair materno-fetal exchanges (Walter et al. 1982, Bulmer et al. 1993). 
Likewise, considerable abnormality in intervillous spaces may jeopardize the nutritional 
function of the placenta, resulting in poor fetal outcome (Matteelli et al. 1997; Philippe and 
Walter, 1985). 

Placental infection has been widely used as a standard indicator to characterize malaria 
infection in epidemiologic investigations. However, the pathogenesis of placental malaria is 
only partially understood, but it is clear that it leads to a distinct epidemiological pattern of 
malaria during pregnancy. It is necessary therefore, to understand the local events at the 
maternal-fetal interface which encompass immunological and pathological processes, 
because they relate to the epidemiological pattern of malaria in pregnancy in areas of both 
high and low malaria transmission (Brabin et al. 2004). Measuring malaria infection in the 
placenta is fairly non-technical, and a large proportion of women in developing countries are 
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only seen at a late stage of pregnancy, it is therefore not surprising that placental infection is 
the only available information regarding their parasitological status (Cottrell et al. 2005). 

 
Diagnosis of Placental Malaria 

 
It is well established that accurate laboratory diagnosis of infections facilitates evidence-

based management of patients and improvement of the specificity of treatment and other 
control measures. Accurate diagnosis of placental malaria in pregnancy is therefore very 
important for both operational and research purposes. This is because placental infection may 
be detected in the absence of peripheral blood parasitemia and may persist after initiation of 
antimalarial treatment (Sartelet et al. 1997). Because not all malaria-exposed pregnant 
women in areas of malaria endemicity suffer from placental malaria and its serious 
consequences, a number of studies have assessed the prevalence and risk factors of placental 
malaria in sub-Saharan Africa while others have attempted to elucidate protective immune 
responses against placental infection and/or immune pathogenesis. However, results from the 
various studies are often discordant, and one of the major factors in the discordance is that 
different techniques of sample collection and analysis were employed in different studies 
based on the differences in the definition of placental malaria (Othoro et al. 2006). Some 
studies based their definition on the presence of malaria parasite and/or pigments in blood 
smear from placental blood (Ismail et al. 2000; Mockenhaupt et al. 2006; Tako et al. 2005), 
others based their definition on histological findings (Menendez et al. 2000; Walter et al. 
1981; ), while some others based their definition on the use of histitidine-rich-protein-2 
(HRP2) capture test (Leke et al. 1999; Mayengue et al. 2004; Singer et al. 2004) and 
polymerase chain reaction (PCR) (Kamwendo et al. 2002; Kassam et al. 2006; Singer et al. 
2004).  

 
 

Characteristics of Malaria Infected Placenta 
 
The placenta is a complex, sophisticated organ with several important functions 

throughout gestation, with the primary purpose of providing sustenance for the developing 
fetus. The placenta is also a site for P. falciparum sequestration. Many hypotheses, based on 
a systemic or local failure of the immunological response to malaria, have been proposed to 
explain the 'preference' of the parasites for replication in the placenta and some of these 
hypothesis have been reviewed (Matteelli et al. 1997). Histologically, placental malaria is 
characterized by the presence of parasites and leucocytes within the intervillous spaces, 
pigment within macrophages, fibrin deposits and trophoblasts, proliferation of 
cytotrophoblastic cells and thickening of the trophoblastic basement membrane (Matteelli et 
al. 1997). In Haut-Ogooue, Gabon, malarial brown pigment was observed in all cases of 
placental malaria examined and was characterized by ultrastructural features and occurred in 
perivillous deposits of fibrinoid, in macrophages, or free in intervillous spaces (Walter et al. 
1982). Furthermore, excessive perivillous fibrinoid deposits were a constant histologic 
finding and were usually associated with syncytiotrophoblastic necrosis or ultrastructural 
damage such as partial microvilli loss, filamentous material accumulation in intracytoplasmic 
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vacuoles, and "podocytelike" cytoplasmic projections on the basal surface (Walter et al. 
1982). It is at these sites the trophoblastic basal lamina was usually thickened. 

 
 

Effects of Malaria on Maternal Health 
 
Although pregnant women in endemic areas have higher rates of parasitemia and parasite 

density compared with non-pregnant women, infection is largely asymptomatic because some 
degree of pre-existing immunity is retained during pregnancy (Dorman and Shulman, 2000). 
However, even malaria-immune women are susceptible to placental malaria (Tako et al. 
2005). Because so many parasites become sequestered within the placenta, peripheral blood 
smears often fail to detect evidence of infection. The resulting lack of appropriate or timely 
treatment may lead to adverse pregnancy outcome including severe anaemia, which is the 
main maternal consequence of malaria and the mechanism by which malaria causes maternal 
death in endemic areas (Dorman and Shulman, 2000). Apart from an effect through anaemia, 
malaria may contribute to maternal mortality by increasing the risk and severity of obstetric 
conditions such as pre-eclampsia/eclampsia and postpartum hemorrhage (Brabin and 
Johnson, 2005). The mechanisms by which malaria causes anaemia are understood, but its 
relationship with obstetric factors is not and evaluating the link between malaria, obstetric 
disorders, and maternal death has been recommended (Etard et al. 2003). The effects of 
placental malaria on maternal health can better be understood when considered in relation 
with various maternal parameters including maternal age, parity, peripheral malaria infection, 
anaemia, and HIV infection. 

 
 

Maternal Age 
 
A number of studies conducted in parts of sub-Saharan Africa have reported a significant 

association between maternal age and malaria infection during pregnancy (Bouyou-Akotet et 
al. 2003; Rogerson et al. 2000). In a study conducted in Blantyre, Malawi, after stratifying by 
gravidity, associations between age and parasite prevalence were reportedly stronger than 
those between gravidity and prevalence after stratifying by age (Rogerson et al. 2000). It was 
noted that under conditions of low-to-moderate transmission, pregnancy-specific immunity is 
slow to develop, and that age-related immunity may influence malaria prevalence in 
childbearing years (Rogerson et al. 2000). Studies have shown that young women of child-
bearing age may be more susceptible than older women to malaria because they are still in 
the process of acquiring natural immunity to malaria (Shi et al. 1995). 

 
 

Parity 
 
The relationship between placental malaria and parity is well established. Many recent 

studies conducted in sub-Saharan Africa have found the prevalence of placental malaria to be 
higher in primigravidae than multigravidae (Cottrell et al. 2005; Okoko et al. 2002). These 
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observations are consistent with the findings of earlier studies in malaria-endemic regions 
where, among several factors, parity independently influenced the placental malaria 
prevalence rate (McGregor, 1984). The risk of placental malaria among the primigravidae in 
southwestern Burkina Faso, was two fold that of multigravidae (Cottrell et al. 2005). In the 
Gambia, it was observed that primigravidae had a four-fold risk of having placental malaria 
compared to the multigravidae and the severest form of placental parasitization occurred in a 
higher proportion of the primigravidae than in the multigravidae (Okoko et al. 2002). 

 
 

Peripheral Malaria Infection 
 
The relationship between maternal peripheral parasitemia and placental malaria has been 

evaluated in some parts of sub-Saharan Africa. However, whether placental infection reflects 
the existence of peripheral infection over a short period preceding the delivery or whether it 
is related to infection at any other moment during the whole course of pregnancy has never 
been rigorously studied. 

Two studies have shown some relation between a late infection and positivity of 
placental smears or presence of pigment (Watkinson and Rushton, 1983; McGready et al. 
2004), but it has been argued that a single measure can hardly reflect the entire history of 
infection during pregnancy. 

Therefore in Burkina Faso the relationship between placental infection and peripheral 
infection at different periods of pregnancy was investigated using data collected during a 
randomized trial of malaria prophylaxis in pregnant women (Cottrell et al. 2005). In the 
study, the occurrence of peripheral parasitemia at the beginning and at the end of pregnancy 
were significantly related to placental infection, whereas peripheral parasitemia in the middle 
of pregnancy was not (Cottrell et al. 2005). This suggests that a peripheral parasitemia at the 
beginning of pregnancy may persist within the placenta throughout gestation, with possibly 
more severe consequences on the placenta and the newborn, than a later infection. 

 
 

Maternal Anaemia 
 
It is well established that anaemia is the most common consequence of P. falciparum 

malaria infection. In sub-Saharan Africa, it is estimated that between 200,000 and 500,000 
pregnant women develop severe anaemia as a result of malaria (Guyatt and Snow , 2001), 
and P. falciparum malaria in pregnancy is also known to be the primary cause of up to 10,000 
maternal anaemia-related deaths in sub-Saharan Africa annually (WHO, 1992). However, 
there have been conflicting reports from parts of sub-Saharan Africa on the relationship 
between placental malaria and maternal anaemia. An earlier report from the Ubangi district of 
Zaire, noted that malarious placentas had no consistent relationship to maternal anaemia 
(Anagos et al. 1986). 

More recently, in southwestern Cameroon, the prevalence of anaemia was significantly 
higher in mothers whose placental biopsy were free of malaria parasites than in those whose 
placental samples had malaria parasites (Achidi et al. 2005). On the contrary, in Yaoundé, 
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Cameroon, maternal anaemia and placental malaria were associated in all gravidity and age 
groups, with maternal anaemia higher among women with placental malaria than those 
without placental malaria (Tako et al. 2005). The reason for this variation is not immediately 
clear, but it may not be unconnected with the complex and multifactorial etiology of anaemia 
in pregnancy in sub-Saharan Africa (Fleming, 1988). 

In most areas of malaria endemicity, many other causes of anaemia have been identified, 
including both nutritional (iron, folate and protein deficiency) and non-nutritional factors 
(hook worms and haemoglobinopathies) (Fleming, 1989) and increasingly HIV infection 
(Antelman et al. 2000). Since many of the causes of anaemia occur concurrently in pregnancy 
and no hallmarks of malaria anaemia have been identified, it is difficult to evaluate the 
contribution made to anaemia in pregnancy by placental malaria infection (Matteelli et al. 
1994). However, apart from its significant contribution to maternal mortality and to both 
maternal and fetal morbidity, anaemia in pregnancy is a risk factor for infant iron deficiency 
anaemia (Colomer et al. 1990) that, if left uncorrected, can be associated with adverse 
behavioral and cognitive development (Nokes et al. 1998). 

 
 

Placental Malaria and Perinatal Outcome 
 
Although malaria in pregnancy is a major factor associated with adverse perinatal 

outcome, the link between malaria and perinatal morbidity/mortality is less clear in areas with 
stable endemic malaria where pregnant women have acquired immunity (van Geertruyden et 
al. 2004). However, placental malaria is recognized as a common complication of malaria in 
pregnancy in areas of stable transmission and as a consequence serious health problems arise 
for the mother and especially her baby. Placenta results are more sensitive than peripheral 
blood for detecting maternal infection, and are more accurate in predicting fetal morbidity 
(Nyirjesy et al. 1993). 

 
 

Low Birth Weight 
 
In sub-Saharan Africa the rate of low birth weight (LBW) (i.e.,<2.5kg) newborns is high, 

and malaria is known to be an important contributor to the 3.5 million LBW babies born 
annually in the sub-region (Brabin, 1997). Malaria is thought to reduce birth weight through a 
combination of systemic and local effects. Although malaria may affect birth weight through 
malaria-induced anaemia, malaria also may reduce birth weight through placental infection 
(Okoko et al. 2002). 

In this case, parasites either directly cause a mechanical compromise of placental 
circulation or indirectly interfere with placental functions and/or induce pathological lesions 
(Galbraith et al. 1980). Despite the prevalence of placental infections for women of all 
gravidities, ranging from 5% to 52%, the risk of LBW associated with infection was 
relatively consistent, with babies born to mothers with an infected placenta being twice as 
likely to be of LBW than those born to mothers with an uninfected placenta (Guyatt and 
Snow, 2004). It is important to state that there is still no agreement on which are the main 
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mechanisms that mediate reductions in birth weight in placental malaria (Menendez et al. 
2000). 

 
 

Neonatal Anthropometric Parameters 
 
Neonatal anthropometric parameters such as neonatal length, head circumference as well 

as placental weight have been related to placental malaria. In southeastern Tanzania, chronic 
malaria infection of the placenta was associated with significant reductions in mean head 
circumference, neonatal length, and body index (weight/length2), whereas past infections 
were associated with reduced mean length at birth only (Menendez et al. 2000). In the 
Ubangi district of Zaire, malarious placentas had no consistent relationship with neonatal 
length or head circumference (Anagos et al. 1986). The reduction in the length and head 
circumference of the newborns associated with chronic infections probably indicate a 
prolonged effect on fetal nutrition, which was suggested in other studies (Meuris et al. 1993). 
Similarly, it has also been suggested that the reduction in the body mass index may reflect the 
severity and duration of fetal malnutrition (Menendez et al. 2000).  

Two earlier studies that evaluated the relationship between placental malaria and 
placental weight in Haut-Ogooue and Franceville, both in Gabon indicated that the mean 
weight of term placentas with malarial changes was significantly less than that of placentas 
without such changes (Walter et al. 1982; Gazin et al. 1994). 

 
 

Fetal Anaemia 
 
The prevalence of fetal anaemia defined as cord hemoglobin level <12.5g/dl is reportedly 

very high in sub-Saharan Africa. Interestingly, a link was established between fetal anaemia 
and maternal malaria infection. The contributory role of placental malaria to fetal anaemia 
has been evaluated in a number of studies with varying results.  

In southern Malawi, a higher prevalence of fetal anaemia occurred with increasing 
peripheral P. falciparum parasite density and geometric mean placental parasite densities 
were higher in babies with fetal anaemia than in those without it (Brabin et al. 2004). On the 
contrary, Abrams et al. (2005) noted from their study in Blantyre, Malawi, mean cord 
hemoglobin levels did not differ between malaria-infected and uninfected women, in 
addition, malarial disease severity, including peripheral and placental parasite density, stage 
of disease, and deposition of fibrin and malaria pigment in placental monocytes, had no effect 
on cord hemoglobin level. 

In Kisumu, Kenya, although children born to mothers with detectable P. falciparum 
parasitemia on a peripheral blood film at delivery had a lower mean cord hemoglobin level at 
birth compared with children born to mothers free of parasitemia at delivery, no association 
was found between malaria infection of the placenta and mean cord hemoglobin level at 
birth, or at any age thereafter (McElroy et al. 1999). It was however noted that the lack of an 
association between placental parasitemia and cord hemoglobin level in the study may have 
been due to the exclusion of LBW infants. This is because the LBW associated with placental 
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parasitemia in earlier studies may have accounted for the detection of reduced hemoglobin 
values in children born to mothers with placental parasitemia. 

 
 

Perinatal Mortality 
 
Placental malaria and its effects on perinatal mortality (fetal or infant deaths from 28th 

week of pregnancy up to the seventh day after birth), have been investigated in various parts 
of sub-Saharan Africa. The impact of placental malaria on perinatal death (stillbirth and early 
neonatal death) is still under debate and conflicting results have been obtained from various 
studies that investigated the relationship between them. Newman et al. (2003) reported a 
seven-fold increased risk of stillbirth in association with placental parasitaemia in areas with 
unstable malaria transmission in Ethiopia. McGregor et al. (McGregor et al. 1983) observed 
some seasonal differences in stillbirth rates, with the lowest rate occurring during the three 
months of the late dry season when placental malaria prevalence was low. Conversely, in a 
more recent study, Okoko et al. (2002) also in the Gambia, observed a two-fold increased risk 
of stillbirth among mothers with malaria-infected placenta and noted that placental malaria 
infection was independently associated with a higher risk of delivering stillbirths in the 
population studied. 

On the contrary, no statistical association was detected between stillbirth and placental 
malaria in Zaire (Anagos et al. 1986). Similarly in rural Malawi, placental malaria infection 
was not found to be significantly associated with stillbirth or with early neonatal death, either 
with birth weight excluded or in models including only LBW or only normal birth weight 
(NBW) infants (McDermott et al. 1996). 

 
 

Malaria and HIV Coinfection in Pregnancy 
 
The effects of human immunodeficiency virus (HIV) on maternal health have been 

superimposed on that of malaria in the malaria-endemic regions particularly the sub-Saharan 
Africa (ter Kuile et al. 2004). Concerning the global HIV epidemic, the sub-Saharan Africa 
remains by far the worst-affected region with 25.4 million people living with HIV (Just under 
two thirds, i.e. 64% of all people living with HIV) (WHO, 2004). The HIV/AIDS epidemic is 
affecting the females most severely and because heterosexual transmission is predominant in 
the sub-region, women of reproductive age make up almost 57% of adults living with HIV, 
accounting for up to 80% of the world’s HIV-infected women (WHO, 2004; Dabis and 
Ekpini, 2002; De Cock, 2000), and the prevalence rates sometimes exceeding 40% among 
pregnant women in the sub-region (UNAIDS, 2001). Because of the high prevalence of HIV 
and malaria in sub-Saharan Africa, co-infections are common. Initial studies conducted 
among children and adults failed to show a consistent pattern of a biologic or clinical 
interaction between malaria and HIV infection Chandramohan and Greenwood, 1998; French 
Gilks, 2000; Rowland-Jones and Lohman, 2002), the two diseases were however, identified 
to critically intersect in pregnancy and have serious consequences in pregnant women, their 
fetuses, and infants (ter Kuile et al. 2004; Ticconi et al. 2003). Although there is now 
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accumulating evidence for an effect of HIV-1 infection in adults and children on malaria 
(French et al. 2001; Whitworth et al. 2000; Francesconi et al. 2001), the effect of HIV on 
malaria in pregnancy is much more pronounced as HIV appeared to impair a pregnant 
woman’s ability to control malaria parasitemia, resulting in more frequent and higher density 
parasitemia than in HIV-uninfected pregnant women (Steketee et al. 1996; Ticconi et al. 
2003). 

Approximately one million pregnancies per year are thought to be complicated by 
coinfection with malaria and HIV in sub-Saharan Africa, because the two diseases are known 
to critically intersect in pregnancy and have serious consequences in pregnant women, their 
fetuses, and infants (ter Kuile et al. 2004). HIV infection has been associated with an 
increased prevalence and density of malaria in pregnancy in a number of studies in sub-
Saharan Africa, also, in most studies, the prevalence of placental malaria infection was also 
found to be significantly more prevalent in HIV-positive compared with HIV-negative 
mothers (ter Kuile et al. 2004; Ladner et al, 2002; Verhoeff et al. 1999). 

 
 

Interactions in Pregnancy 
 
Pregnant women have specific risks of complications from both malaria and HIV 

infection. Many women are exposed to both infections; in 11 of the 43 sub-Saharan African 
countries with malaria at least 10%of pregnant women attending antenatal clinics are HIV 
infected (WHO 2004). The symptoms and complications of malaria during pregnancy differ 
with the intensity of malaria transmission and thus with the level of pre-existing immunity 
already acquired by the pregnant woman. Each year in malaria endemic areas of tropical 
Africa an estimated 25 million women become pregnant. In these areas, most adult women 
have developed sufficient immunity such that, even during pregnancy, P.falciparum infection 
does not usually result in fever or other clinical symptoms. However, particularly during their 
first or second pregnancy, women are highly vulnerable to the adverse consequences of 
malaria: maternal anaemia, placental malaria and low birth weight infants due to preterm 
delivery and intrauterine growth retardation (IUGR). For pregnant women in areas of 
unstable malaria, the risk of developing severe malaria is 2-3 times higher than for non-
pregnant women (WHO 2004). In addition, in these areas, malaria may result in low birth 
weight infants, spontaneous abortion or neonatal death. The health of women in malaria-
endemic areas is further affected by HIV. Women in Africa are being infected at an earlier 
age than men and at present in sub-Saharan Africa there are, on average,13 HIV-positive 
women for every 10 HIV-positive men. HIV has become one of the major causes of maternal 
mortality in many resource-constrained settings (Mc Inytre, 2003; Bicego et al. 2002). It has 
an impact on obstetrical causes of maternal mortality by increasing the risk of pregnancy 
complications such as anaemia, post-partum haemorrhage and puerperal sepsis. Furthermore, 
in the absence of interventions about a third of infants born to HIV-infected women will 
become infected with the virus. 
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The Effect of HIV on Malaria during Pregnancy 
 
A meta-analysis of studies on co-infection in pregnancy (ter Kuile et al. 2004) 

demonstrates that HIV infection impairs the ability of pregnant women to control P. 
falciparum infection. They are more likely to develop clinical and placental malaria, more 
often have detectable malaria parasitaemia and have higher malaria parasite densities. Most 
women in their first or second pregnancy are at higher risk of severe or complicated malaria 
than during subsequent pregnancies. However, this protective effect is diminished in HIV-
infected women who, irrespective of the number of pregnancies, remain susceptible to the 
negative consequences of malaria infection. Hence,in the presence of HIV infection, the 
malaria-associated risks in pregnant women who have had two or more pregnancies are 
comparable to the malaria-associated risks during the first or second pregnancy in women 
without HIV infection. 

Anaemia can result from infection with malaria or HIV and during pregnancy contributes 
to higher levels of maternal morbidity and mortality as well as low birth weight infants. 
Studies from western Kenya (Ayisi et al. 2003) describe a synergistic interaction between 
malaria and HIV such that pregnant women with dual infection are at a significantly greater 
risk of anaemia than women with malaria or HIV infection alone. The increased risk of 
anaemia that occurs in co-infected pregnant women may be due to the higher parasite 
densities and longer duration of malaria infection that occurs in HIV-infected pregnant 
women. Studies on cellular and humoral responses to malaria suggest that the increased 
susceptibility of HIV-infected pregnant women to malaria is due to modifications in systemic 
and placental immunologic parameters (ter Kuile et al. 2004). 

 
 

Estimating the Magnitude of the Impact of HIV on the Burden of Malaria in 
Pregnancy 

 
The impact of HIV on the burden of malaria during pregnancy can be estimated using 

data on the prevalence of HIV among pregnant women, and on the HIV-associated increased 
risk of malaria during pregnancy. In areas with stable malaria in Africa, approximately 25 
million pregnant women are exposed each year to the disease. Of these women, at least 10.5 
million develop malaria in the second or third trimester. It can be estimated that in 2003,the 
proportion of malaria infections during pregnancy attributable to HIV was 4.2%(range 3.8%-
4.6%), based on an HIV prevalence among pregnant women in sub-Saharan Africa of 
7.5%(range 6.9%-8.3%)in 2003.Using this data, it can be calculated that in 2003 the HIV 
epidemic resulted in an additional 440 000 (range 399 000 –483 000) malaria cases during 
pregnancy in Africa (ter Kuile et al. 2004). 

 
Impact of Co-Infection with Malaria and HIV on Pregnancy Outcome 

 
P. falciparum malaria during pregnancy, can lead to parasite sequestration in the 

maternal placental vascular space, with consequent maternal anaemia, abortion, stillbirth, 
fetal distress, prematurity, low birthweight, congenital malaria and neonatal or maternal death 
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(Brabin, 1983; Greenwood, 1989; Brabin, 1991). The risk of these adverse pregnancy 
outcomes is further increased with HIV co-infection (Ticconi et al. 2003; Ayisi et al. 2004). 
As a result, a considerable proportion of infants exposed in utero to both placental malaria 
and maternal HIV infection have an increased risk for postneonatal death three- to eightfold 
higher than infants born to mothers with either infection alone (Bloland et al. 1995; Ayisi, et 
al. 2003). Whether the dual infection with maternal malaria and HIV increases the risk of 
mother-to-child transmission (MTCT) of HIV or congenital malaria, is yet to be 
unequivocally established, as studies examining these relationships have inconsistent findings 
and a wide range of unanswered questions (Ticconi et al. 2003; Brahmbhatt et al. 2003; 
Inion, et al. 2003; Ayisi et al. 2004; Villamor, et al. 2005).  

Compared to women with either malaria or HIV infection, women who are co-infected 
have a higher risk of preterm birth and intrauterine growth retardation and are therefore more 
likely to have low birth weight infants. Reports suggest that there is no consistent effect of 
maternal HIV on congenital malaria (Steketee et al. 1996). In addition, whether dual 
exposure to both placental malaria and HIV increases the risk of infant mortality compared 
with infants born to HIV-infected women without placental infection is not clear; data from 
studies in Malawi (Bloland et al. 1995) and studies from southern Malawi (Verhoeff., 2004) 
have reported conflicting results. Maternal HIV infection induces pathological changes in the 
placenta that potentially could interfere with the materno-fetal transfer of antibodies. 
However, the mechanism of this process and whether a decreased transfer of antibodies to 
some malaria antigens has an impact on increased susceptibility to malaria in infants is not 
known. 

 
 

Malaria and ABO Blood Group 
 
Attempts have been made to determine the significance of particular ABO phenotypes to 

disease susceptibility such as P. falciparum malaria. Although the relationship between blood 
group and susceptibility to malaria has been studied by several researchers, results have been 
contradictory and unable to establish an unequivocal link between ABO blood groups and the 
incidence of malaria parasitemia (Facer and Brown 1979, Martin et al.1979, Montoya et al. 
1994, Gupta and Chowdhuri 1980), malaria antibody levels (Akinboye and Ogunrinade 1987, 
Thakur and Verma 1992), or the rate of repeat attacks of malaria (Singh et al. 1995). 
However the virulence of P. falciparum has been associated with the capacity of the infected 
RBC to adhere to endothelial cells and to uninfected RBCs, a process known as rosetting 
which has been linked to the occurrence of severe malaria i.e., cerebral malaria and anaemia 
(Carlson et al. 1990, Rowe et al. 1995). And previous studies have implicated the ABO blood 
group type in rosetting (Rowe et al. 1995, Udomsangpetch 1993) and strain-specific blood 
group preferences for rosette formation have been described previously (Carlson and 
Wahlgren 1992). 

Evidence from some of the studies reviewed clearly established that parasitized 
erythrocytes form rosettes more readily with red blood cells of either A, B or AB blood 
groups than with those belonging to blood group O (Udomsangpetch et al. 1989,1993, 
Carlson and Wahlgren 1992, Rowe et al. 1995, Barragan et al. 2000). Also, it is well 



Impact of Materno-Placental Malaria, Anaemia and HIV Infection… 

 

247

established that this parasite-triggered red blood cell rosette formation is associated with the 
severity of clinical disease (Rowe et al. 1995) and with the development of cerebral malaria 
(Treutiger et al. 1992, Chotivanich et al. 1998). This may explain why severe malaria, lower 
haemoglobin levels, jaundice or central nervous system symptoms were relatively more 
frequent in individuals in the non-O blood groups as was observed in Zimbabwe (Fischer and 
Boone 1998). Although evidence abound that rosetting potential which is influenced by the 
ABO blood group, is related to the severity of clinical disease in malaria, but it remains 
unclear whether rosetting itself is important in pathogenesis or is simply a marker for some 
other factor which mediates the disease process. 

 
 

Malaria and Haemoglobin Genotype 
 
Epidemiological and clinical studies have indicated that malaria susceptibility and 

severity are influenced by hemoglobin genotype with hemoglobin (Hb) AS individuals 
having a selective advantage in malarial environments. Thus the high frequency of HbAS in 
human populations has been attributed to the decreased malarial morbidity and mortality 
experienced by HbAS heterozygotes (Friedman, 1987). However, the precise mechanism by 
which the sickle cell trait (genotype HbAS) confers a high degree of resistance to severe and 
complicated malaria remains unknown (Pasvol et al. 1978). Furthermore, the extent of the 
influence of hemoglobin genotype on the susceptibility and severity of malaria in pregnancy 
is yet to be clearly established. 

To some extent it almost certainly relates to the peculiar physical or biochemical 
properties of HbAS red blood cells: invasion, growth, and development of Plasmodium 
falciparum parasites are all reduced in such cells under physiological conditions in vitro 
(Friedman, 1987; Pasvol et al. 1978), and parasite-infected HbAS red blood cells also tend to 
sickle, a process that may result in their premature destruction by the spleen (Luzzato et al. 
1970; Roth et al. 1978; Shear et al. 1993). Nevertheless, while such factors appear to be 
important, recent observations suggest that the mechanism might also involve an immune 
component. For example, in a study conducted in Gambia, it was found that the immune 
recognition of P.falciparum infected red blood cells was enhanced in HbAS children (Marsh 
et al. 1989), and up-regulation of malaria-specific cell-mediated immune responses has also 
been observed in HbAS individuals in Sudan (Abu-Zeid et al. 1992; Bayoumi et al. 1990). 
While potentially important, such observations could represent epi-phenomena, rather than 
proximate effects of the HbAS red cell phenotype. Establishing whether or not immune 
processes are involved may prove useful in learning about malaria protection more generally. 

The mechanism by which HbAS protects against malaria has been the subject of 
speculation for more than 50 years. While to some extent it probably relates to the physical 
characteristics of HbAS erythrocytes, a number of studies suggest that HbAS may also 
enhance the acquisition of natural immunity (Guggenmoos et al. 1981; Cornille-Brogger et 
al. 1979); however, establishing this relationship is difficult because immunity to malaria is 
hard to measure. 

 
 



C. J. Uneke, I. Sunday-Adeoye, F. E. Iyare et al. 248 

Relevance of the Research 
 
Despite the severe public health burden of malaria, HIV infection and anaemia 

particularly on both maternal and neonatal health, they are all preventable. This study would 
therefore provide comprehensive population-based scientific data that have policy relevance 
on strategies to address these major health burdens in pregnancy in Nigeria and other parts of 
the sub-Saharan Africa with similar setting. It would also provide information that will 
promote policy change required for: 

 
(1) The recognition that malaria, anaemia, and HIV-infection in pregnancy are 

significant health problems in Nigeria.  
(2) Creating the awareness of the availability and feasibility of cost-effective preventive 

and control strategies. 
 
 

Project Aim and Specific Objectives 
 
The aim of this study is to provide epidemiologic data leading to the development of 

practical, affordable, and innovative approaches to reduce the burden of maternal malaria, 
anaemia, and HIV infection and their impact on pregnant women and on pregnancy outcome 
in resource-limited settings. Because of the paucity of comprehensive population-based data, 
the formulation of policies that would transform into effective and sustainable maternal 
malaria and HIV-infection intervention/control programs for women of child-bearing age, is 
still an enormous challenge to health policy-makers in this part of the globe. 

The specific objectives are: 
 
1. To determine at childbirth the prevalence of maternal/placental malaria, anaemia and 

HIV infection and their relationship with; (a) Birth weight, (b) Placental weight, (c) 
Fetal anaemia, (d) Maternal ABO blood group, (e) Maternal Haemoglobin genotype, 
(f) Socio-demographic parameters, (g) Obstetrics history, (h) Antenatal clinic visits, 
(i) Use of insecticide treated bed nets (ITNs). 

2. To evaluate the association of placental malaria infection with; (a) Placental weight, 
(b) Neonatal birthweight, (c) Maternal peripheral malaria infection, (d) Neonatal 
length, (e) Neonatal head circumference. 

 
 

Materials and Methods 
 

Study Area 
 
This study was conducted in Abakaliki the capital of Ebonyi State in South Eastern 

Nigeria (Figure 4), from July 2005 to November 2006 and an additional study from February 
2007 to April 2007. Ebonyi state is bounded on the west by Enugu while its North and South 
share boundaries with Benue and Abia State respectively. It is located in the lower belt of 
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Nigeria. The major river is the Ebonyi River, which is a tributary of Cross-river. The study 
area is defined by longitude 8o61611E and latitude 6o2212811N, elevated at 380ft above sea 
level, the vegetation characteristic is that of the tropical rain forest with an average annual 
rainfall of about 1,600mm and an average atmospheric temperature of 29.5oC (Ebonyi State 
Ministry of Lands and Survey, 2003). There are two distinct seasons, the wet and the dry 
seasons, the former takes place between April and October, while the latter occurs from 
November to March. Malaria transmission in the area is perennial but usually at the peak 
towards the end of the rainy season. The study was done at the Ebonyi State University 
Teaching Hospital (EBSUTH), Abakaliki. Apart from being the largest health facility in the 
area, the choice of the hospital was because it serves as referral centre for gynaecological 
services in Ebonyi State. As a result of the free maternal health care services rendered by the 
EBSUTH courtesy of the Ebonyi State Government, the hospital enjoys large patronage from 
almost all the local government areas of Ebonyi State. 

 
 

Ethical Considerations 
 
The study protocol was approved by Infectious Diseases Research Division, Department 

of Medical Microbiology/Parasitology, Faculty of Clinical Medicine, Ebonyi State 
University, Abakaliki, Nigeria. Ethical clearance was obtained from the Ethical/Medical 
Advisory committees of the EBSUTH, Abakaliki. The approval was on the agreement that 
patient anonymity must be maintained, good laboratory practice/quality control ensured, and 
that every finding would be treated with utmost confidentiality and for the purpose of this 
research only. All work was performed according to the international guidelines for human 
experimentation in clinical research (World Medical Association Declaration of Helsinki, 
2000). 

 
 

Study Population/Sampling Technique 
 
Pregnant women were enrolled at labour ward (LW) at full pregnancy term at Ebonyi 

State University Teaching Hospital (EBSUTH), Abakaliki Nigeria. The study was conducted 
from November 2006 to November 2007. 

 
 

Screening at the Labour Ward 
 
The study population comprised of 300 women at full pregnancy term. A Pregnant 

woman was eligible for participation in the study if she met the following study inclusion 
criteria: 

 
(i) attended the antenatal clinic at EBSUTH,  
(ii) had an uncomplicated singleton pregnancy ≥ 32 weeks’ gestation (based on the 

fundal height estimation), 
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(iii) reside in Abakaliki or neighbouring local government areas, and  
(iv) had no known underlying chronic illness.  
 
Following informed consent, a structured questionnaire was administered to each 

participant shortly before child birth to obtain information on socio-demographic, health, and 
obstetric factors including parity, use of insecticide treated bednets ITNs and antimalaria 
chemoprophylaxis-intake compliance and number of antenatal clinic visits during pregnancy. 
At delivery, about 5ml of the maternal peripheral blood, umbilical cord blood, and placental 
blood samples were obtained using a sterile needle and syringe and placed in ethylyn-
diammine tetra-acetic acid (EDTA) bottle. The placenta of each subject was also collected as 
soon as it was voided into a transparent sterile plastic container and thereafter preserved for 
further analysis using formalin.  

Placenta blood was collected into EDTA by incising the cleaned maternal surface of the 
placenta and aspirating blood welling from the incision. The cord blood was obtained from 
the newborns’ side of the umbilical cord veins by venepuncture technique. Information was 
obtained on the delivery outcome including; baby’s sex and mode of delivery. The baby 
birthweight (Kg) and weight of placenta (Kg) were determined using an electronic weighing 
balance. The fetal length and fetal head circumference were determined using a measuring 
tape. All neonatal parameters including birth weight, fetal length, head circumference, and 
placental weight were assessed immediately after child birth.  

The maternal blood sample obtained from each subject was analysed for malaria parasite 
infection (using both Giemsa stined blood smear microscopic technique and Rapid diagnostic 
test Kits), haemoglobin concentration, packed cell volume, ABO blood group, haemoglobin 
genotype and HIV infection. The placental blood sample was analysed for malaria parasite, 
while the cord blood was analysed for haemoglobin concentration. 

 
 

Strategies to Keep Variables Constant 
 
Because of the possibility of the existence of potential variables which could serve as 

confounding factors in this study, a number of strategies were adopted to eliminate or keep 
these variables constant through out the study. Such variables include (a). Varying skills of 
gynaecologists and obstetricians, (b). Presence of maternal underlying disease conditions, (c) 
Wide gap in the socio-economic status of subjects, (d). Advanced HIV disease, (e). Other 
anaemia causing conditions, (f). Variations in the methods of sample collection, (g). 
Variations in the laboratory procedures. The strategies adopted to eliminate or keep these 
variables constant include the following: 

 
(i) Well established maternal care and fetal delivery procedures generally stipulated by 

the authorities of the hospital were adopted by all the gynaecologists and 
obstetricians who participated in this work. 

(ii) As indicated in the study inclusion criteria, all pregnant women with known or 
established underlying disease condition were excluded from the study.  
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(iii) There was no very wide gap among the subject socio-economically. Because of the 
free maternal care services offered by the hospital, majority of the subjects fall 
within the middle and low income category. 

(iv) All the subjects with advanced HIV disease were excluded from this study 
(v) To eliminate to a great extent other causes of anaemia, apparently healthy women 

were enrolled into the study. The subject enrolment was done with the assistance of 
a gynaecologist who examined each subject before inclusion into the study. None of 
the patients enrolled presented symptoms of causes of anaemia such as tuberculosis, 
urinary schistosomiasis, and hookworm infection; although no laboratory screening 
was done to confirm this. No laboratory screening was done to assess nutritional 
anaemia, but it was ensured that any subject clearly presenting with symptoms of 
nutritional anaemia was excluded from the study.  

(vi) Same sampling methods were used in the collection of all samples. Any sample that 
was poorly collected was excluded.  

(vii) Same laboratory procedures were used for sample analysis. All samples were 
analysed within one hour of collection. Any sample that could not be analysed 
within this stipulated period was excluded. 

 
 

Laboratory Analysis 
 
In this phase of the study conducted at the Labour Ward, the maternal blood sample 

obtained from each subject was analysed for malaria parasite infection (using both Giemsa 
stained blood smear microscopic technique), haemoglobin concentration, packed cell volume, 
ABO blood group, haemoglobin genotype and HIV infection. The placental blood sample 
was analysed for malaria parasite, while the cord blood was analysed for haemoglobin 
concentration and packed cell volume. 

 
Malaria Parasite Microscopy Technique 

Giemsa-stained thick and thin blood films were performed and the Plus System was used 
for the determination of parasite density as previously outlined (WHO, 1991). 

 
 

Determination of Haemoglobin Concentration (HBC) and Packed Cell 
Volume PCV) 

 
The haemoglobin (Hb) concentration was determined using the cyanmethaemoglobin 

method described previously (Dacie and Lewis, 1994); reading was done using a 
Spectrophotometer (Bayer RA 50). While the packed cell volume (PCV) was determined 
using the hematocrit technique (Dacie and Lewis, 1994). The WHO definition of anaemia in 
pregnancy i.e., haemoglobin concentration Hb<11g/dl (WHO, 1992), and fetal anaemia 
defined by Hb<12.5 g/dl (Brabin et al. 2004; le Cessie et al. 2002) were adopted in this 
investigation. 
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Determination of Haemoglobin Genotype 
 
The hemoglobin genotype was determined by the Hemoglobin electrophoresis technique 

at alkaline pH using cellulose acetate membrane (CAM) as described previously (Schneider, 
1974; Wild and Bain, 2004). Haemoglobin solutions (haemolysates) were prepared by lysing 
packed cell in Triton-X 100 or EDTA and these were applied to cellulose acetate by an 
applicator that gives a discrete line. Tris-EDTA-borate buffer pH 8.4 was used and the 
electrophoresis was run at 350v for 25mins.The sample plates were then stained 
simultaneously using ponceaus stain in trichloro acetic acid solution. Excess stain was 
removed by washing in acetic acid solution and the plates were left to dry; the samples 
appeared as discrete red binds on a white background. 

 
 

Determination of ABO Blood Group 
 
The ABO blood grouping test was performed using the slide method as outlined 

previously (Dacie and Lewis, 1994), with commercially available reagents which produced 
strong agglutination within 1-2 minutes (Murex Diagnostics, Inc. Dartford, UK). 

 
 

Data and Statistical Analysis 
 
The Chi-Square test was used in the analysis of all data in the tables in which association 

between variables or parameters were assessed in accordance with a number of similar earlier 
studies in other parts of sub-Saharan Africa (Steketee et al. 1996c; Verhoeff et al. 1999; Van 
Eijk et al. 2001; Okoko et al. 2002). The choice of the chi-square if because it is an effective 
statistical analysis tool for the comparison or analysis of differences in prevalence rates, 
proportions or linear trend (Steketee et al. 1996c; Verhoeff et al. 1999). In this study, a P 
value of < 0.05 was considered statistically significant. The calculated chi-square value of 
each parameter investigated at the appropriate degree of freedom denoted by n 1, is 
indicated at the tables. This was compared with the tabulated chi-square values at 0.05 level 
of probability to ascertain if the trend was statistically significant or not. 

 
 

Results 
 

Demographic Parameters and Characteristics of Women Studied 
 
A total of 300 women at full pregnancy term were studied during childbirth in the Phase 

2 of this research, and of these, 278(92.7%) had spontaneous vaginal delivery (SVD), 
19(6.3%) had caesarean section (CS), while 3(1.0%) had vaccum extractor (ventouse).  

Information was available on the babies born by only 226 of the mothers and resulted to 
231 babies, comprised of 119(51.5%) males and 112(48.5%) females. A total of 219 babies 
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(116 males and 103 females) were singleton, 6 sets of twins (3 sets of females and 3 sets of 
male and female), and a set of triplet (2 males and 1 female). 

Information on the babies of the remaining 74 mothers could not be obtained due to 
logistic problems encountered at the labour ward during the study. The distribution of 
subjects according to demography and obstetrics data is summarized in Table 1. 

 
Table 1. Demographic/obstetrics data of women studied during delivery at childbirth 

 
Parameter  Number(%) of subjects  
Age   
15-19    1(3.7)  
20-24  72(24.0)  
25-29  106(35.3)  
30-34   76(25.3)  
35-39   26(8.7)  
≥ 40     9(3.0)  
Total  300  
Parity   
Primiparous   89(29.7)  
Multiparous  211(70.3)  
Total  300  
Occupation   
Students   28(11.8)  
Civil Servants   72(30.3)  
Housewives   44(18.5)  
Business   69(30.0)  
Farmer   25(10.5)  
Total  238  
Antenatal visits   
None   89(27.7)  
≤ 4   46 (18.7)  
5-9   81(27.0)  
≥10   74(24.7)  
Total  300  
ITNs Possession  
Yes    17(15.7)  
No  283(94.3)  
Total  300  
Educational Level   
None    32(13.4)  
Primary    75(31.5)  
Secondary    73(30.7)  
Tertiary    58(24.4)  
Total  238  

 
The prevalence of malaria infection, HIV infection and haematological characteristics of 

the women studied is summarized in Table 2. The average age of the women at childbirth 
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was 28 years and age ranged from 15-43 years. Up to 29.7% were primiparous with a greater 
number in civil service (30.3%). 

 
Table 2. Prevalence of malaria infection, HIV infection and haematological 

characteristics of women studied at childbirth in the labour ward 
 
Parameters  Number (%) of subjects  
Malaria infection (microscopy)   
Infected   48(16.0)  
Uninfected  252(84.0)  
Total  300  
Malaria parasitemia   
1-10 parasites per 100 thick film fields   
(‘+’ or 4-40 parasites per mm3)  11(22.9)  
11-100 parasites per 100 thick film fields   
(‘++’ or 41-400 parasites per mm3).  37(77.1)  
Total  48  
Packed Cell Volume   
<24    2(1.1)  
25-29   12(6.7)  
30-34   23(12.8)  
35-39   29(16.1)  
≥ 40  114(63.3)  
Total  180  
Haemoglobin Concentration   
< 7.0    2(1.1)  
7.0- 8.9    7(3.8)  
Haemoglobin Concentration   
9.0-10.9   22(12.2)  
≥ 11  149(82.8)  
Total  180  
HIV Status   
Positive     8(3.6)  
Negative 217(96.4)  
Total  225  
Blood group   
A   40(19.2)  
B   34(16.3)  
AB    4(1.9)  
O  118(56.7)  
Total  208  
Genotype   
AS    80(38.5)  
AA  128(61.5)  
Total  208  
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Among the subjects, 27.7% did not visit the antenatal clinic while 24.7% visited the 
antenatal clinic up to ten times during pregnancy. Results indicated that 13.4% of the women 
had no formal education while 24.4% got to tertiary level of education but only 17(15.7%) of 
the subjects possessed insecticide treated bednets (Table 1). Eight (3.6%) of the women were 
HIV positive, while a total of 118(56.7) and 80(38.5%) had blood group O and HbAS 
genotype respectively. Results showed that up to 149(82.8%) of the subjects had HbC values 
equal or greater 11g/dl (Table 2). 

According to the criteria of this investigation malaria parasite were found in the 
peripheral blood of 48(16.0%) women. Of the 48 women infected by malaria parasite, 1-10 
parasites per 100 thick film fields were recorded in 11(22.9) while 11-100 parasites per 100 
thick film fields were recorded in the remaining 37(77.1%) (Table 2).  

 
 

Demographic Parameters and Characteristics of Babies Studied 
 
The characteristics of neonates and placentas of subjects studied at childbirth are 

summarized in Table 3. Of the 300 babies delivered, a total of 52 (22.5%) had low birth 
weight (LBW)(≤ 2.5kg) while 36(15.6%) had birthweight greater than 3.5kg. 

A majority of the babies (68.7%) had HbC values less than 13.5g/dl. A total of 
30(14.0%) of the placentas weighed less or equal to 0.4Kg and malaria parasites were found 
in 34(12.2%) of placental blood samples (Table 3). 

 
Table 3. Characteristics of neonates and placentas of women studied at childbirth in the 

labour ward of EBSUTH, Abakaliki, Nigeria 
 
Parameters  Number (%) of subjects  
Neonatal Sex   
Female  116(38.7)  
Male  184(61.3)  
Total  300  
Neonatal Birthweight (Kg)   
≤ 2.5    52(22.5)  
2.6-3.5  189 (60.2)  
≥ 3.6    36(15.6)  
Total  231  
Neonatal PCV (%)   
< 25   42(20.2)  
25 – 34   58(27.9)  
35 – 44   58(27.9)  
45 – 54   25(12.0)  
≥55   16(7.7)  
Total  208  
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Table 3. (Continued)  
 
Parameters  Number (%) of subjects  
Neonatal HbC (g/dl)   
<12.5  139(65.6)  
≥12.5    73(84.4) 
Total  212 
Placental Weight (Kg)   
≤ 0.4    30(14.0)  
0.5 - 0.7  164(76.6)  
≥0.8    20(9.3)  
Total  214  
Placental Malaria   
Infected    34(12.2)  
Uninfected  244(87.8)  
Total  278  

 
 

The Prevalence of Malaria Infection in Relation to Maternal Age, Parity, 
ANC Attendance and HIV Infection 

 
According to the criteria of this investigation malaria parasite were found in the 

peripheral blood of 48(16.0%) women. Of the 48 women infected by malaria parasite, 1-10 
parasites per 100 thick film fields were recorded in 11(22.9) while 11-100 parasites per 100 
thick film fields were recorded in the remaining 37(77.1%). The prevalence of malaria 
infection in relation to maternal age, parity ANC attendance and HIV infection among the 
women at childbirth is summarized in Table 4. 

Individuals of age group 20-24 years had the highest prevalence of maternal malaria 
(20.8%) while the least was recorded among those older than 39years (11.1%), but there was 
no significant difference in the trend (χ2=2.02, df =4, P>0.05). Malaria infection was more 
frequent among the primigravidae (18.0%), than the multigravidae (15.2%) but there was no 
significant difference in the trend (χ2=0.17, df=1, P>0.05). Women who did not attend 
antenatal clinic (ANC) during pregnancy and those who attended ANC less than 5 times were 
more likely to have malaria infection, although the difference was not statistically significant 
(χ2=3.79, df=3, P>0.05) (Table 4). 

The prevalence of malaria infection was higher (16.3%), among individuals who did not 
have insecticide treated bednets (ITNs) than among those who had (11.8%) but the difference 
was not statistically significant (χ2=1.33, df=1, P>0.05). Result showed that the prevalence of 
HIV infection was 3.6% and HIV-positive women had higher prevalence of malaria infection 
than the HIV-negative women (37.5% versus 14.3%), the difference was statistically 
significant (χ2 =13.3, df=1, P<0.05). The prevalence of malaria infection decreased with 
increase in HbC and the difference was statistically significant (χ2=23.8, df=3, P<0.05) 
(Table 4). 
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Table 4. Prevalence of malaria infection in relation to demographic/obstetrics data, HIV 
infection and haemoglobin concentration among women at childbirth in, Abakaliki.  

                      
Parameter                            Number     Number(%)with         Statistical Analysis 
 Examined Malaria Infection χ2 test P value Statistical 
 Difference 
Age      
≤ 19  11   2(18.2)  2.02   P>0.05  No  
20-24  72 15(20.8)    
25-29  106  16(15.1)    
30-34  78 11(14.5)    
35-39  26   8(11.5)    
≥ 40 9    1(11.1)    
Total  300  48(16.0)    
Parity      
Primigravidae  89 16(18.0) 0.17   P>0.05  No  
Multigravidae  211  32(15.2)    
Total  300  48(16.0)    
Antenatal Visits      
None  35   6(17.1) 3.79   P>0.05  No  
≤ 4  71  15(21.1)    
5 – 9  86  11(12.8)    
≥ 10 45    4(8.9)    
Total  237  36(15.2)    
HIV Status      
Positive  8    3(37.5) 13.3   P<0.05  Yes  
Negative  217  32(14.3)    
Total  225  35(15.6)    
HbC (g/dl)      
<7.0  2    2(100) 23.8    P<0.05  Yes  
7.0-8.9 7    3(42.9)    
9.0-10.9  22    7(31.8)    
≥ 11 149  28(18.8)    
Total  180  40(22.2)    
ITNs Possession      
Yes  17   2(11.8) 1.33   P>0.05  No  
No  283  46(16.3)    
Total  300  48(16.0)    
 
 

Prevalence Peripheral Malaria in relation to Maternal Demographic and 
Haematological Parameters 

 
Individuals of age group 20-24 years had the highest prevalence of maternal malaria 

(20.8%) while the least was recorded among those older than 39years (11.1%), but there was 
no significant difference in the trend (χ2=2.02, df =4, P>0.05) (Table 5). Those whose 
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occupation was farming were significantly more infected with malaria parasite (32.0%), than 
individuals of other occupations (χ2=12.9, df=6, P<0.05) (Table 5). Women, who had no 
formal education recorded the highest prevalence of malaria infection (28.1%) though, 
statistically there was no significant difference (χ2=2.69,df=3, P>0.05).  

Individuals with HbAA genotype were more infected with malaria parasite than those 
with HbAS genotype (17.9% versus 12.5%) but the difference was not statistically significant 
(χ2=1.11, df=1,P>0.05).  

The highest prevalence of malaria infection was recorded among women with blood 
group O (19.5%) followed by those of blood group A (15.4%), there was also no significant 
difference in the trend (χ2 =1.55, df=3, P>0.05) (Table 5). The prevalence of malaria 
infection decreased with increase in HbC and the difference was statistically significant 
(χ2=23.8, df=3, P<0.05) (Table 5). 

 
Table 5. Prevalence of malaria infection in relation to demographic/obstetrics data, and 

haematological parameters among women at childbirth.  
  

Parameter                                     Number                  Number(%)with               Statistical Analysis 
        Examined              Malaria Infection         χ2 test P value       Statistical 
         Difference 
Occupation      
Students 28  5(17.9)  12.9  P<0.05 Yes  
Civil Servants  72   9(12.5)    
Housewives 44  8(18.2)    
Business 69 14(20.3)    
Farmers  25  8(32.0)    
Total  238  44(18.5)    
Educational Level      
None  32   9(28.1) 2.69  P>0.05 No  
Primary 75 12(16.0)    
Secondary 73 13(17.8)    
Tertiary 58   9(15.3)    
Total  238  43(18.1)    
Genotype      
AA 128  23(17.9) 1.11  P>0.05 No  
AS 80 10(12.5)    
Total  208  33(15.9)    
Blood Group      
A  52   8(15.4) 1.55  P>0.05 No  
B  34   5(14.7)    
AB  4   0(0)    
O  118  23(19.5)    
Total  208  36(17.3)    

 



Impact of Materno-Placental Malaria, Anaemia and HIV Infection… 

 

259

Prevalence Maternal Peripheral Malaria, HIV Infection and Parity in 
relation to Neonatal Birthweight 

 
The results of the association of neonatal birth weight with maternal malaria infection, 

HIV infection, parity and ANC attendance are summarized in Table 6. A higher proportion of 
malaria infected women (21.6%) had babies with low birth weight compared to women 
without malaria infection (18.8%). Statistical analysis using chi-square showed no significant 
difference in the trend (χ2=1.81, df=1, P>0.05). Anaemic women (with HbC <11.0g/dl) had a 
higher proportion of low birth weight babies (20.0%) than the non-anaemic women (16.4%) 
but the difference was not statistically significant (χ2=0.53, df=1, P>0.05). The frequency of 
low birth weight was higher among the primigravidae (29.9%) than among the multigravidae 
(12.6%), and the difference was statistically significant (χ2=9.92, df=1, P<0.05) (Table 6). 

 
Table 6. Association of neonatal birthweight with maternal malaria infection, 

demographic/obstetrics data, HIV infection and haemoglobin concentration among 
women at childbirth in Abakaliki, Nigeria 

 
Neonatal Birthweight(Kg) (%) Overall  Mean  Statistical Analysis Maternal 

Parameters  < 2.5  ≥2.5-3.5 3.6 Total Birthweight 
 (kg) χ2 test  P value  Statistical 

Difference 

Malaria 
Infection  

        

Infected    8(21.6)    26(70.3)    3(8.1)    37  2.37  1.81  P>0.05  No  

Uninfected  34(18.8)  115(63.5)  32(17.7)  181  2.94     

Total  42  141  35  218      

HIV Status          

Positive    1(25.0)     3(75.0)    0(0.0)     4  2.58  0.75  P>0.05  No  

Negative  30(16.5)  122(67.0)  30(16.5)  182  2.98     

Total  31  125  30  186      

Parity          

Primigravidae  20(29.9)    42(62.7)    5(7.5)    67  2.75  9.92  P<0.05  Yes  

Multigravidae  20(12.6)  119(74.8)  20(12.6)  159  3.03     

Total  40  161  25  226      
Antenatal 
Visits  

        

None    4(25.0)    9(56.3)  3(18.8)  16  2.80  7.51  P>0.05  No  

1-4  12(21.4)  39(69.6)  5(8.9)  56  2.85     

5-9   7(9.2)  58(76.3)  11(14.5)  76  3.04     

≥ 10  2(8.3)  19(79.2)    3(12.5)  24  3.22     

Total  25  125  22  172      
 
The HIV positive women had higher proportion of LBW babies (25.0%) compared to the 

HIV negative women (16.5%), but there was no statistically significant difference in the trend 
(χ2=0.75, df=1, P>0.05). The highest proportion of LBW occurred among women who never 
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attended the ANC during pregnancy (25.0%) and the least among those who attended up to 
ten times (8.3%), statistically there was no significant difference in the trend (χ2=7.51, df=3, 
P>0.05). 

 
 

Association of Neonatal Birthweight and Haematological Parameters 
 
The Women with blood group O recorded the highest proportion of LBW (23.4%) 

followed by those of the blood group A (14.0%), statistically however, no significant 
difference was observed in the trend (χ2=6.56,df=3, P>0.05). The proportion of LBW was 
higher among those with HbAA genotype (17.4%) than those with HbAS genotype (12.0%). 
The difference in the trend was not statistically significant (χ2=3.54,df=3, P>0.05) (Table 7). 

 
Table 7. Association of neonatal birth weight and haematological parameters among 

women at childbirth in Abakaliki, Nigeria 
 

Neonatal Birthweight(Kg)(%)  Overal
l  

Mean  
.  

Statistical Analysis .  Maternal 
Parameters  

< 2.5  2.5-3.5 ≥ 3.6 Total Birthweight 
(kg) χ2 test  P value  Statistical 

Difference 
Haemoglobin 
concentration  

       

<11.0g/dl    5(20.0) 16(64.3)   4(16.0)   25  3.04  0.53 P>0.05  No  

≥11.0g/dl  19(16.4) 83(71.6)  14(12.1) 116  2.97     

Total  24 99 18 141      

Blood Group  
A   6(14.0) 30(69.8)   7(16.3)   43  3.04  6.56  P>0.05  No  

B   2(6.5) 25(80.6)  4(12.9)    31  3.09     

AB   0(0.0) 2(100.0)  0(0.0)    2  2.85     

O  25(28.0) 68(63.6) 14(13.1)  107  2.98     

Total  33 125 25 183      

Genotype  
AS    9(12.0) 59(78.7)  7(9.3)   75  2.97  3.54  P>0.05  No  

AA  19(17.4) 72(66.1)  18(16.5) 109  2.98     

Total  28 131 25 184      
 
 

Prevalence Placental Malaria in Relation to Maternal Peripheral Malaria, 
Placental Weight, Neonatal Birthweight and Anthropometric Parameters 

 
A total of 278 placental blood samples were available for study, and of these, 34(12.2%) 

had malaria parasites of between 1-10 parasites per 100 thick film fields. Placental weight 
was determined for 214 placental samples. Neonatal birthweight was determined for 231 
babies while the fetal length and fetal head circumference were determined for 195 and 190 
babies respectively (Table 8). 
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Table 8. Association of placental malaria with maternal malaria, placental weight and 
fetal parameters in Abakaliki, south-eastern Nigeria 

 
Parameter  Number   Statistical Analysis . 
 Examined 

Number (%) 
with Infected 
placenta  χ2 test  P value  Statistical Difference 

Maternal Malaria  
Infection  
Infected                              48  26(54.2)  94.4  P<0.05  Yes  
Uninfected                        230  28(3.5)     
Total                                 278  34(12.2)     
Placental Weight (Kg)  
≤ 0.4                                   30  10 (33.3)  6.99  P<0.05  Yes  
0.5-0.7                             164  21(12.8)     
≥ 0.8                                  20   3(15.0)     
Total                                214  34(15.9)     
Birthweight (Kg)      
<2.5                                    52  8(15.4)  0.031  P>0.05  No  
2.6- 3.5                            139  20(14.4)     
≥ 3.6                                  36  5(13.9)     
Total                                231  33(14.3)     
Fetal length (cm)      
≤ 45                                  29  4(13.8)  1.31  P>0.05  No  
46-50                              131  15(11.5)     
≥51                                   35  2(5.7)     
Total                               195  21(10.8)     
Fetal head circumference (cm)      
<35                                   51  6(11.8)  0.04  P>0.05  No  
≥ 35                                139  15(10.8)     
Total                              190  21(11.1)     

 
The association of placental malaria infection with placental weight, neonatal 

birthweight, maternal malaria infection, fetal length and fetal head circumference is 
summarized Table 8. Results showed that of the total of 214 placental sample of which the 
weight was determined, 34(15.9%) had malaria parasite infection with a higher proportion 
(33.3%) of malaria infected placentas having placental weight equal or less than 0.4kg. There 
was a statistical significant difference in the trend (χ2=6.99, df=2, P<0.05). A higher 
proportion of babies born by mothers with malaria infected placenta had LBW (15.4%), but 
statistical analysis showed no significant difference in the trend (χ2=0.031, df=3, P>0.05) 
(Table 8). Women with peripheral malaria infection had significantly higher proportion 
(54.2%) of placental malaria infection than those without peripheral malaria infection (3.5%) 
(χ2=94.4, df=1, P<0.05). When placental malaria was related to fetal length and fetal head 
circumference, a higher proportion of infected placenta was associated with lower fetal length 
and lower fetal head circumference although no significant difference was observed in the 
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fetal length (χ2=1.31, df=2, P>0.05) and fetal head circumference (χ2=0.04, df=1, P>0.05) 
(Table 8). 

 
 

Prevalence Maternal Peripheral Malaria, Parity, HIV Infection and 
Haemoglobin levels in relation to Neonatal (Fetal) Anaemia 

 
The association of fetal haemoglobin concentration with maternal malaria infection, 

parity and HIV infection is summarized in Table 9. The prevalence of fetal anaemia was 
65.6%. The primigravidae had slightly higher proportion of babies with fetal anaemia 
(67.5%) than the multigravidae (65.0%), the difference was also not statistically significant 
(χ2 =0.09, df=1, P>0.05). Women with peripheral malaria infection had babies with higher 
proportion of fetal anaemia (72.2%) compared with the uninfected women (64.2%), but the 
difference was not statistically significant (χ2 =1.97, df=1, P>0.05). Fetal anaemia prevalence 
was higher among babies born by anemic women (82.6%) than those of the non-anemic 
women (63.5%) but the difference was not statistically significant (χ2 =3.32, df=1, P<0.05). 
The prevalence of fetal anaemia was higher among babies born by the HIV-positive women 
(83.3%) than those of the HIV-negative women (65.0%). Statistical analysis showed no 
significant difference in the trend (χ2 =0.86, df=1, P>0.05) (Table 9). 

 
Table 9. Association of fetal haemoglobin concentration (HbC) with maternal malaria 

Infection, anaemia and HIV infection among women at childbirth in the Abakaliki-
Nigeria 

 
Maternal Parameters  Fetal HbC (g/dl) . Overall  Statistical Analysis .  
 No.(%) 

<12.5 
No.(%) 
≥ 12.5  Total  χ2 test  P value  

Statistical 
Difference 

Parity        
Primigravidae    33(67.5)  16(32.7)    49  0.09  P>0.05  No  
Multigravidae  106(65.0)  57(35.0)  163     
Total  139(65.6)  73(84.4)  212     
Malaria Infection        

Infected    26(72.2)  10(27.8)    36  1.97  P>0.05  No  
Uninfected  113(64.2)  63(35.8)  176     
Total  139(65.6)  73(84.4)  212     
HbC        

<11g/dl     19(82.6    4(17.4)    23  3.32  P>0.05  No  
≥11g/dl  120(63.5)  69(36.5)  189     
Total  139(65.6)  73(84.4)  212     
HIV Status        

Positive      5(83.3)    1(16.7)     6  0.86  P>0.05  No  
Negative  134(65.5)  72(35.0)  206     
Total  139(65.6)  73(84.4)  212     
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Discussion 
 

Effects of Malaria and HIV Infection on Maternal Parameters at Childbirth 
and on Birthweight 

 
Malaria and Age 

Individuals of the ≤19 years and 20-24 years age categories were more infected with 
malaria infection than other age groups categories, although the difference in the trend was 
not statistically significant. This observation supported previous findings from eastern Sudan 
(Adam et al. 2005) and in Kigali, Rwanda (Lander et al. 2002) which indicated that age was 
not significantly associated with malaria during pregnancy. In contrast however, a number of 
earlier studies reported a significant association between maternal age and malaria infection 
during pregnancy (Bouyou-Akotet et al. 2003; Rogerson et al. 2000). In a study conducted in 
Blantyre, Malawi, after stratifying by gravidity, associations between age and parasite 
prevalence were reportedly stronger than those between gravidity and prevalence after 
stratifying by age (Rogerson et al. 2000). The reason for the occurrence of these age-related 
differences in malaria prevalence may probably be related to host or environmental factors. 

 
Malaria and Parity 

The prevalence of malaria infection was higher among the primigravidae than the 
multigravidae, although the difference in the trend was not statistically significant. This 
finding is consistent with reports from other parts of the sub-Saharan Africa which have 
consistently indicated that primigravidae are more susceptible to malaria infection than the 
multigravidae probably because immune suppression is more marked in primigravidae and 
the protective immunity acquired through malaria infection during the first pregnancy, 
appears to reduce susceptibility in subsequent pregnancies (Mockenhaupt et al. 2000). 

 
Malaria and HIV Infection 

The women with HIV infection had a higher prevalence of malaria infection than those 
without HIV infection and the difference was statistically significant. Similar findings were 
reported in a number of sub-Saharan African countries including Malawi (Steketee et al. 
1996), Zimbabwe (Ticconi et al. 2003), Kenya (van Eijk et al. 2003), and Rwanda (Lander et 
al. 2002). The reason for the higher prevalence of malaria infection among the HIV positive 
individuals may be due to the impairment of the ability of pregnant women to control P. 
falciparum infection, which was earlier demonstrated (ter Kuile et al. 2004), and the 
interference with the maintenance of immune recognition of malaria by HIV infection in 
pregnancy (van Eijk et al. 2003). 

 
Malaria and Anaemia 

In this study, anaemic women had higher prevalence of malaria infection than non-
anaemic women. This was consistent with reports from a number of sub-Saharan African 
countries which indicated that the prevalence of anaemia was consistently higher among 
pregnant women infected with malaria parasites than those uninfected (Adam et al. 2005; 
Mockenhaupt et al. 2006). Individuals with no insecticide treated bed nets and those who 
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never visited the ANC or attended ANC less than 5 times during pregnancy also had higher 
prevalence of malaria infection. In Kenya (Wabwire-Mangen et al. 1989) and Burkina Faso 
(Parise et al. 2003), similar results were reported.  

These findings underscore the importance of ANC attendance during pregnancy. It has 
been demonstrated that substantial reductions in maternal malaria, anaemia, and LBW have 
been achieved by intervention programs, including the use of ITNs, preventive intermittent 
treatment and chemoprophylaxis administered at the ANC (Parise et al. 2003; Wabwire-
Mangen et al. 1989). Interventions also exist for maternal anaemia (e.g., good nutrition, iron 
and folate supplementation, and hookworm treatment) and these have been provided through 
antenatal care programs. In fact, studies from sub-Saharan Africa have suggest that between 
25% and 90% of these adverse events might be prevented by full implementation of existing 
interventions at the ANC (Miaffo et al. 2004). 

 
 

Low Birth Weight in Relation to Maternal Malaria and Parity 
 
In this study, statistical analysis showed that low birth weight (LBW) was associated 

with maternal malaria infection, although babies born by infected mothers had a lower mean 
birth weight and higher prevalence of LBW compared to the uninfected mothers. This 
indicates that other factors aside from malaria could also be playing major roles in the 
determination of low birth weight in the study population. The prevalence of LBW was 
higher among babies born by primigravidae than the multigravidae and the difference was 
statistically significant (P<0.05). This is consistent with the findings from similar studies 
conducted in south-western Cameroon (Mockenhaupt et al. 2006), and Zanzibar, Tanzania 
(Matteelli et al. 1996). Primigravidae have been shown to be more predisposed to have LBW 
babies than the multigravidae and the risk is even higher when malaria infection is present 
(Okoko et al. 2002). Because falciparum malaria during pregnancy has been recognized as an 
important determinant of low birth weight (Brabin, 1991), a number of randomized controlled 
trials of preventive antimalarial measures during pregnancy have confirmed this causal effect 
by showing that preventing malaria increases birth weight (Menendez et al. 1994). Therefore, 
the prevention of malaria in pregnancy and, thus, of malaria-attributable low birth weight 
should increase the survival of young babies. 

 
 

Low Birth Weight and Anaemia 
 
Shulman et al.(2001) established that the major adverse effect of malaria in pregnancy on 

the mother is anaemia and that in malarious areas, malaria and anaemia are likely to act 
together to reduce birth weight but their independent effects are difficult to distinguish. In 
this study however, the prevalence of LBW was considerably higher among women who 
were anaemic than the non-anaemic women. In a similar study conducted in Papua New 
Guinea to examine the separate contribution of anaemia or malaria to low birthweight 
(Brabin and Piper, 1997), it was observed that there was a trend towards increased low 
birthweight with decreasing haemoglobin levels. Furthermore, in another related study 
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(Msolla and Kinabo, 1997), it was showed that there was a positive correlation (r = 0.76; P = 
0.01) between Hb concentration and weight of the infants at birth and the mean birth weight 
of the infants born to anaemic subjects was significantly lower compared to that of infants 
born to non-anaemic subjects. These previous observations in addition to those of this present 
study, suggest that anaemia had some influence on the birth weight of the infant. Therefore 
the treatment of anaemia in pregnancy is most likely to improve birthweight. However in an 
attempt to quantitate the separate effects of anaemia- and malaria-attributable low birth 
weight, Brabin and Piper (1997) concluded that, in malarious areas, malaria was a more 
important risk factor for low birth weight than was anaemia. 

 
 

Low Birth Weight and HIV Infection 
 
Interestingly, the prevalence of LBW was considerably higher among the HIV positive 

women than the HIV negative women in this present study, although the difference was not 
statistically significant (P>0.05). This is similar to the findings in northern Zimbabwe 
(Ticconi et al. 2003), where HIV infection was independently associated with increased risk 
of low birth weight (OR = 3.16, 95% CI: 1.80-5.54) and very low birth weight (OR = 10.74, 
95% CI: 2.12-54.41). Furthermore, in Kigali, Rwanda, it was observed that the frequencies of 
low birthweight, prematurity, and intrauterine growth retardation were higher in infants born 
to HIV positive women than to HIV negative women (Castetbon et al. 1999). In yet another 
study conducted in Kigali, Rwanda, low birth weight was significantly more frequent in full-
term infants born to HIV-positive mothers than to HIV-negative mothers (Leroy et al. 1994). 
These results underscore the need for nutritional surveillance and dietary counseling, hoping 
to improve the prognosis of pregnancy in HIV positive women, regardless of other 
therapeutic interventions. 

 
 

Low Birth Weight and ANC Attendance 
 
It was noted in this study that a very high proportion of LBW occurred among babies 

born by women who did not attend the antenatal clinic and the prevalence of LBW reduced 
with increase in the number of antenatal clinic visits. This finding clearly demonstrates the 
efficacy of antimalarial chemoprophylaxis and haematenics which are usually administered 
during ANC in the prevention of malaria and anaemia and improvement of neonatal birth 
weight. Despite the non statistically significant difference observed in the trend, this finding 
supported earlier reports from The Gambia where the birth weight of children born to women 
who received chemoprophylaxis was increased by an average of 153 g (Menendez et al. 
1994). In another related study the administration of chemoprophylaxis led to a reduction in 
the prevalence of low birth weight babies and to an increase in the median birth weight and 
the perinatal mortality rate was lower, although not significantly so, among the babies of 
women who had received chemoprophylaxis (Greenwood et al. 1994). 

Furthermore in a study in rural Malawi (Steketee et al. 1996), it was noted that the use of 
an effective antimalarial was protective against LBW through its effect on reducing placental 
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and umbilical cord blood malaria infection. The study concluded that effective prevention of 
malaria in pregnant women in malaria-endemic settings may reduce the likelihood of LBW 
by 5-14%, and may reduce the amount of preventable LBW by more than 30%. Therefore, 
when evaluating antenatal care programs, health policy makers must consider providing an 
effective preventive drug as a means to prevent low birth weight and its consequences. 

 
 

The Relationship between Maternal Malaria, Demographic Parameters, 
ABO Blood Group, Genotype and Birth Weight at Childbirth 

 
Malaria and Demographic Parameters 

Although lower literacy level and younger age were more predisposing factors to malaria 
infection in this study, the differences in the trend were however not statistically significant. 
However, occupation was significantly associated with malaria infection but the reason for 
this outcome was somewhat obscure. Previous findings from eastern Sudan (Adam et al. 
2005) and Kigali, Rwanda (Lander et al. 2002) had indicated that age was not significantly 
associated with malaria during pregnancy and the report of an investigation from Zanzibar, 
Tanzania, showed no apparent relationship between malaria and socio-demographic 
parameters including occupation (Matteelli et al. 1994). 

 
Malaria and Genotype 

The prevalence of malaria infection in this study was higher among individuals with 
HbAA genotype than those with HbAS genotype but the difference was not statistically 
significant (P>0.05). Although studies that investigated this relationship between malaria and 
haemoglobin genotypes in pregnancy are essentially lacking, malaria has been shown to be 
consistently higher in non-pregnant individuals with HbAA genotype compared to those with 
HbAS (Eteng, 2002). The sickle cell trait (HbAS) has been shown to confers a high degree of 
resistance to severe and complicated malaria (Aluoch, 1997; Aidoo, 2002), but the 
mechanisms by which the hemoglobin genotype HbAS protect against severe malaria are not 
fully understood. The greater susceptibility of HbAA individuals to P. falciparum malaria 
and the enhanced severity of an attack in this group may be due to low red cell membrane 
resistance to the invading parasite and a non-hypoxic environment within the red cell which 
enhances its development (Eteng, 2002). Furthermore, results from a study that evaluated the 
immune basis for malaria protection by the sickle cell trait in Kenya suggested that malaria 
protection by HbAS involves the enhancement of not only innate but also of acquired 
immunity to the parasite and indicated that a better understanding of the underlying 
mechanism might yield important insights into both these processes (Williams et al. 2005). 

 
Malaria and ABO Blood Group 

The highest prevalence of malaria infection in the present investigation was recorded 
among women with blood group O. Studies evaluating the relationship between malaria and 
ABO blood group during pregnancy are also essentially lacking. The only current study 
related to this was the evaluation of the ABO phenotypes and malaria outcomes in mothers 
and babies in The Gambia (Loscertales and Brabin, 2006). In that study, blood group O was 
associated with an increased prevalence of active placental infection in primiparae and with a 
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reduced risk of placental malaria in multiparae. Placental parasitaemia was observed to occur 
at least twice as frequently in primiparae but only among blood group O women. More 
systematic studies are urgently needed to further elucidate this. 

 
Low Birth Weight in Relation to Blood Group and Genotype 

In this investigation maternal malaria infection was not significantly associated with birth 
weight, although infected mothers had a higher proportion of low birthweight (LBW) babies 
than the uninfected mothers. Similarly, none of the haematological parameters investigated 
indicated any significant association with birthweight. The proportion of LBW babies were 
higher among anaemic women, those with blood group O and individuals of the HbAA 
genotype. The reason for this outcome could not be clearly ascertained, however it is 
interesting to note that individuals who belong to these categories had higher prevalence of 
malaria infection. Therefore these results suggest that maternal malaria may be the major 
determining factor to LBW in this study and that the haematological parameters may have 
played only a secondary role in the LBW observed. Falciparum malaria during pregnancy has 
long been recognized as an important determinant of low birth weight (Brabin, 1991; 
Menendez et al. 1995) and a number of randomized controlled trials of preventive 
antimalarial measures during pregnancy have confirmed this causal effect by showing that 
preventing malaria increases birth weight (Cot et al. 1995; Menendez et al. 1994). 

 
 

Placental Malaria and Its Relationship with Perinatal Outcome 
 

Prevalence of Placental Malaria 
 
Placental infection measured by placental smear at delivery has been described as a 

standard indicator, which is widely used to characterize malaria infection in pregnant women 
(Cottrell et al. 2005). Using this technique, a placental P. falciparum malaria prevalence of 
12.2% was obtained in this study. Placental malaria prevalence results from various parts of 
sub-Saharan Africa have been discordant, and one of the major factors in the discordance is 
that different techniques of diagnosis of employed based on the differences in the definition 
of placental malaria (Othoro et al. 2006). Using the placental blood smear microscopy, 
placental malaria prevalence rates of 9.5%,18.5%,19.9%, and 37.1% were obtained in 
Senegal (N’Dao et al. 2006), Sierra Leone (Morgan, 1994), Cameroon (Tako et al. 2005), 
and Gambia (Okoko et al. 2002) respectively.  

These results indicate that placental malaria is still unacceptably high in the sub-Saharan 
Africa and calls for the intensified efforts in malaria control in pregnancy. The importance of 
effective control measures cannot be overstated because apart from the adverse perinatal 
outcomes associated with placental malaria, some studies also suggest that children born to 
mothers with placental malaria are at a high risk of acquiring larger numbers of P. falciparum 
infections in the first 2 years of life compared to infants born to women without placental 
malaria (Van Eijk et al. 2003). Furthermore, it was reported that placental malaria infection 
diminished the development of antibody responses to malarial epitopes in the first year of 
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life, the age at which most of the severe malaria-associated morbidity occurs in areas of 
holoendemicity (McElroy et al. 1999). 

 
Placental Malaria and Maternal Peripheral Malaria 

In this study maternal peripheral malaria infection was significantly associated with 
placental malaria (P<0.05). This is consistent with a report from Burkina Faso, where a 
strong correlation was found between placental infection and peripheral infection at the end 
of pregnancy (Cottrell et al. 2005). The authors suggested that peripheral parasitemia at the 
end of pregnancy is a very strong risk factor for placental infection (a five fold increase), thus 
confirming the importance of late maternal malaria infection which was noted in another 
study (Leke et al. 1999). Interestingly, up to 3.5% of the mothers without detectable 
peripheral parasitemia had placental infection in this present study. In Ghana, roughly half of 
the women with microscopically proven placental parasitemia had a negative peripheral 
blood film; it was thus suggested that a negative peripheral blood film in pregnant women in 
endemic areas is hardly informative (Mockenhaupt et al. 2006). This finding underscores the 
importance of assessment of placental malaria, because placental infection may be detected in 
the absence of peripheral blood parasitemia and may persist after initiation of antimalarial 
treatment et al. (Sartelet et al. 1997). 

 
Placental Malaria and Its Relationship with Placental Weight, Fetal Length 
and Head Circumference 

The least placental weight was found to be significantly associated with the highest 
proportion of placental malaria infection (P<0.05) in this present study. Two earlier studies 
that evaluated the relationship between placental malaria and placental weight in Haut-
Ogooue and Franceville, both in Gabon indicated that the mean weight of term placentas with 
malarial changes was significantly less than that of placentas without such changes (Gazin et 
al. 1994; Walter et al. 1982). Similarly, LBW, lower fetal length and lower fetal head 
circumference were also associated with higher proportion of malaria infected placenta in this 
study, although the differences were not statistically significant.  

It was noted that despite the prevalence of placental infections for women of all 
gravidities, ranging from 5% to 52% in sub-Saharan Africa, the risk of LBW associated with 
infection was relatively consistent, with babies born to mothers with an infected placenta 
being twice as likely to be of LBW than those born to mothers with an uninfected placenta 
(Guyatt and Snow, 2004). In southeastern Tanzania, chronic malaria infection of the placenta 
was associated with significant reductions in mean head circumference, neonatal length, and 
body index (weight/length2), whereas past infections were associated with reduced mean 
length at birth only (Tako et al. 2005), but in the Ubangi district of Zaire, malarious placentas 
had no consistent relationship with neonatal length or head circumference (Anagnos et al. 
1986). The reduction in the length and head circumference of the newborns associated with 
chronic infections probably indicate a prolonged effect on fetal nutrition, caused by P. 
falciparum placental parasitization suggested in other studies (Barros et al. 1992).These 
findings were not surprising because, maternal P. falciparum malaria was already found to be 
strongly associated with placental malaria which adversely affects birth weight and fetal 
anthropometric parameters, thought to be mediated through placental insufficiency, leading 
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to preterm delivery (PTD) and intrauterine growth retardation (IUGR) (Le Hesran et al. 
1997). 

 
Placental Malaria and Low Birthweight 

The processes by which placental malaria leads to LBW and lower fetal anthropometric 
parameters remain unclear, though it has been suggested that IUGR and PTD associated with 
maternal malaria could play contributory roles (Kasumba et al. 2000; Okoko et al. 2002). 
Many hypotheses, based on a systemic or local failure of the immunological response to 
malaria, have been proposed to explain the 'preference' of the parasites for replication in the 
placenta but the exact mechanisms leading to placental changes and determining the observed 
impairment of materno-foetal exchange are incompletely understood (Matteelli et al. 1997). 
However it has been suggested that parasites are unlikely to be directly responsible for the 
placental pathology, but leucocytes, through the production of non-chemotactic cytokines, 
might be associated with the thickening of the trophoblastic basement membrane, and might 
cause a mechanical blockage of oxygen and nutrient transport across the placenta (Matteelli 
et al. 1997). Thus, the high frequency of adverse perinatal outcomes including prematures, 
hypotrophic neonates and still-births in the malarial population associated with P. falciparum 
placental infection is explained by the intervillous macrophages, which decrease the maternal 
blood output and the perivillous excess of fibrin which reduces the materno-fetal exchanges 
(Philippe and Walter, 1985). These may explain why placental malaria was associated with 
the reduced placental weight, LBW and lower fetal anthropometric parameters observed in 
this study. 

Epidemiological evidence has shown that the assessment of the impact of malaria on the 
outcome of pregnancy is complicated because the greatest incidence of infection occurs 
during the second trimester, and placental and peripheral blood parasitaemia may have 
resolved by the time of delivery (Brabin, 1983). This may have accounted for the absence of a 
significant effect of placental malaria on the birthweight observed in this study even though 
the LBW babies recorded slightly higher proportion of infected placenta. Nevertheless the 
importance of the assessment of placental malaria cannot be overstated. This is to enable 
adequate care and monitoring of infants born by mothers with placental malaria, since these 
infants may be at an increased risk of anaemia, increased malaria prevalence rates, and 
mortality, during their first year of life (Brabin 1983; Kasumba et al. 2000).  

It is important to state that a major limitation of this study was the use of placental smear 
as the technique to diagnose placental malaria. Although the use of placental smear is 
reasonably diagnostic, the possibility of under-estimation may not be ruled out completely. 
This is because it has been demonstrated that placental blood film is less sensitive than 
placental histology (Menendez et al. 2000; Mockenhaupt et al. 2006). 

Placental histology is thus the “gold standard” for the diagnosis of malaria at delivery, 
but it is relatively costly and labor-intensive and, hence, is frequently not available in most 
settings of malaria endemic developing countries. However, the use of histological diagnosis 
of placental malaria in epidemiological studies will allow more detailed characterization of 
the burden of morbidity attributable to malaria in pregnancy. This is advocated in future 
studies. 
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Effects of Maternal Malaria, Anaemia and HIV Infection on Fetal 
Haemoglobin Levels 

 
Prevalence of Fetal Anaemia 

A high level of fetal anaemia (65.6%) defined by cord blood Hb<12.5g/dl, was observed 
in this study. This was consistent with an earlier report which indicated that the prevalence of 
fetal anaemia was high in developing countries particularly in malarious areas (Brabin, 
1992). In two separate studies conducted in Southern Malawi, a fetal anaemia prevalence of 
23.4% (Brabin et al. 2004) and 23.3% (Ie Cessie et al. 2002) were recorded, while in Maputo 
Mozambique, up to 93% of newborns were found to have fetal anaemia (Bergstrom et al. 
1993). These findings were contrary to those obtained from developed countries where it was 
shown that anaemia in newborns is rare, regardless of maternal status, and furthermore, 
normal neonatal haemoglobin levels in these populations are higher than adult levels (Erdem 
et al. 2002). In most parts of the sub-Saharan Africa where malaria is endemic, cord 
haemoglobin levels have been described as lower-than-expected, and it was hypothesized to 
result from fetal immune activation to maternal malarial antigens (Brabin, 1992). Thus it was 
suggested that exposure of the fetus to malaria antigens due to damage of the placental barrier 
may make the newborn more susceptible to immunologically mediated hemolysis or to 
dyserythropoiesis (Brabin, 1992). 

 
Fetal Anaemia and Maternal Malaria 

In this study, the prevalence of fetal anaemia was higher among babies born by malaria 
infected mothers compared to those of the uninfected mothers, although the difference was 
not statistically significant (P>0.05). This was in conformity with findings from a study 
conducted in Kisumu, Kenya, where children born to mothers with detectable P. falciparum 
parasitemia on a peripheral blood film at delivery had a lower mean Hb level at birth 
compared with children born to mothers free of parasitemia at delivery (McElroy et al. 1999). 
Similarly in southern Malawi, a higher prevalence of fetal anaemia occurred with increasing 
peripheral P. falciparum parasite density (p=0.03) and geometric mean placental parasite 
densities were higher in babies with fetal anaemia than in those without (3331 vs 2152 
parasites/microl, p=0.07) (Brabin et al. 2004). 

On the contrary, Abrams et al. (2005) noted from their study in Blantyre, Malawi, that, 
though malaria was associated with a reduction in maternal haemoglobin (10.8 g/dL vs. 12.1 
g/dL, p < 0.001), no reduction in cord haemoglobin and no significant relationship between 
maternal and cord haemoglobin levels were found. According to their report, cord blood 
markers of haematological and hypoxic statuses did not differ between malaria-infected and 
uninfected women. This lack of consistency in the findings from various studies may be 
explained on the basis of the fact that malaria in pregnancy varies with transmission intensity, 
access to treatment, coverage and quality of antenatal services, and drug resistance, among 
others (Ie Cessie et al. 2002). Variations in these factors may account for the differences in 
the relationship between maternal malaria and fetal anaemia. Furthermore, the etiology of 
fetal anaemia is complex and multifactorial and so maternal malaria could either play a major 
or minor role depending on local epidemiological situation (Brabin, 1992). 
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Fetal Anaemia and Maternal Anaemia 
Maternal anaemia was not significantly associated with fetal anaemia (P<0.05) in this 

study, which suggests that maternal anaemia at childbirth might not play a central role in the 
development of fetal anaemia. On the contrary, in Southern Malawi, maternal Hb at delivery 
< 8 g/dl (AOR 1.61, 1.10-2.42) or <11 g/dl (AOR 1.60, 1.10-2.31) was found to be a major 
factor associated with fetal anaemia (Brabin, 1992). And in an assessment of nutritional 
anaemia in pregnant Beninese women and its consequences on the haematological profile of 
the newborn, haemoglobin concentration was significantly lower in babies born of mothers 
with Fe-deficient anaemia than in babies born of Fe-sufficient mothers (Hercberg et al. 
1987). These findings were however, not consistent with the results from a similar study 
conducted in Blantyre, Malawi, where cord haemoglobin values were not correlated to 
maternal haemoglobin concentration (Abrams et al. 2005). The reason for this was not clear 
but authors noted that the high cord haemoglobin levels observed may relate to the high rates 
of antimalarial usage and iron supplementation in the Malawian women studied, which might 
provide a protective effect.  

Furthermore it was argued that the maintenance of cord haemoglobin levels despite the 
presence of maternal anaemia appeared to suggest that the fetus has developed mechanisms 
to preferentially obtain sufficient iron and produce adequate amounts of red cells, since it was 
long shown that iron is transported unidirectionally from mother to foetus across a 
concentration gradient, and thus stores should be preferentially preserved in the fetus 
(Abrams et al. 2005). However, mounting evidence indicates that maternal iron deficiency in 
pregnancy reduces fetal iron stores, perhaps well into the first year of life and this deserves 

further exploration because of the tendency of infants to develop iron deficiency anaemia and 
because of the documented adverse consequences of this condition on infant development 
(Allen, 2000). Therefore because of a wide range of unanswered questions about the 
mechanisms involved in the relationship between maternal anaemia and fetal anaemia, further 
studies using molecular biological tools are urgently needed to properly elucidate this in the 
sub-Saharan Africa. 

 
Fetal Anaemia and HIV Infection 

In this present study, the prevalence of fetal anaemia was considerably higher among 
babies born by the HIV-positive mothers compared to those of the HIV-negative mothers. 
Although there is paucity of published data on the relationship between maternal HIV 
infection and fetal anaemia in sub-Saharan Africa, an available report from Western Kenya, 
indicated that maternal infection with HIV was a major risk factor to fetal and infant anaemia 
not only directly, through mother-to-child transmission of HIV, but also indirectly, as 
suggested by the finding that infant anaemia was worse in HIV-uninfected infants when born 
to HIV-seropositive mothers compared with those born to HIV-seronegative mothers (van 
Eijk et al. 2002).  

A major limitation was the inability to evaluate other potential causes of fetal anaemia 
including blood loss (through obstetrical causes and internal hemorrhage) and red blood cell 
destruction (through intrinsic and extrinsic causes). This may have affected adequate 
assessment of the effects of maternal malaria, HIV infection and anaemia on the fetal 
anaemia. The inclusion of these factors in future studies is advocated. Another limitation 
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worth mentioning was the use of microscopy technique for the screening of maternal malaria. 
Although this method is arguably the “gold standard”, it is important to note that the 
possibility of under-diagnosis cannot be completely ruled out. However, because of the 
public health significance of fetal anaemia and other adverse perinatal outcomes associated 
with maternal malaria, anaemia and HIV infection in pregnancy, the importance of effective 
interventional effort cannot be overstated. Interventions should aim to reduce fetal anaemia 
by improving malaria, HIV infection and anaemia control and treatment in pregnancy and by 
addressing the determinants of pre-term delivery as this may also affect fetal haemoglobin 
levels (Brabin et al. 2004). It has been suggested that improving antimalarial control and iron 
supplementation throughout pregnancy should have direct effects on reducing fetal and infant 
anaemia and improving child development and survival (Draper, 1996). Antiretroviral 
regimens can also improve the health of HIV-positive pregnant women and reduce fetal 
anaemia. The WHO guidelines currently recommend highly active antiretroviral therapy 
(HAART) using the combination of nevirapine, lamivudine,and either stavudine or 
zidovudine for HIV-infected pregnant women with clinical or laboratory evidence of 
immunosuppression (WHO, 2004).  

 
 

Public Health Considerations 
 

Importance of Antenatal Clinics 
Despite the concerted efforts by various countries of the sub-Saharan Africa to control 

the scourge of maternal HIV infection and malaria, there is yet to be any significant reduction 
of the burden in the sub-region (WHO, 2005). Making motherhood safer still remains an 
enormous challenge in this part of the world, thereby making the need for a more pragmatic 
approach to interventional efforts absolutely imperative. In most part of the developing 
world, maternal and child health services are the most accessible health services in many 
communities including Nigeria (WHO, 1993). The free maternal health care services offered 
at the antenatal clinics of Ebonyi State government hospitals has resulted into unprecedented 
attendance by pregnant women. This development has contributed in the improvement of 
maternal health in this part of Nigeria. The ANC clinics have served as the main entry point 
for prevention and care services for pregnant women and their children, and they also served 
as a good link to other health services for families and communities.  

In sub-Saharan Africa, antenatal care utilization is relatively high as more pregnant 
women are encouraged to avail themselves with the antenatal care services offered (Parise et 
al. 2003). Hence, reproductive health services, and antenatal care services in particular, could 
serve as the pivotal entry point for simultaneous delivery of interventions for the prevention 
and control of malaria and HIV in pregnant women and their neonates with linkages to the 
community, child health, HIV counseling and testing, treatment, care and support services, 
family planning and other services for tuberculosis and sexually transmitted infections 
(WHO, 2005). Partnerships and collaboration among maternal and child health, malaria, HIV 
and other programs are a prerequisite for joint planning and implementation of effective 
integrated services (WHO, 2002). 
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Strategies for Malaria Prevention Programs for Pregnant Women 
In spite of these challenges efforts are continuously being made to develop new and 

effective strategies for malaria prevention programs for pregnant African women. A 
prospective evaluation of malaria prevention in pregnant women in rural Malawi conducted 
by Steketee et al. (1996d) (The Mangochi Malaria Research Project -MMRP), contributed to 
establishing new criteria for policy and program development for malaria prevention in 
pregnancy. The principle findings of the MMRP include: (1) populations at risk of the 
adverse consequences of malaria in pregnancy include women with low parity, women 
infected with human immunodeficiency virus, pregnancy during the high malaria 
transmission season, and the use of a malaria drug that is suboptimally efficacious; (2) the 
estimated maximum benefits of an antimalarial intervention that clears placental and 
umbilical cord parasitemia are a 5-12% reduction of low birth weight (LBW), an 
approximately 35% reduction in the risk of LBW for risks that are actually preventable once 
a woman has become pregnant (e.g., risks such as infectious disease or poor nutrition during 
gestation), and a 3-5% reduction in the rate of infant mortality; (3) the intervention must be 
capable of rendering the woman malaria parasite free, including clearance of parasites from 
the placental vascular space and umbilical cord blood; (4) other diseases adversely affect 
pregnancy outcome and, while the control of malaria in pregnancy may not warrant 
independent programming, if coupled with prevention programs to provide a range of 
antenatal services, the incremental costs of malaria control may prove to be highly cost-
effective; and (5) the choice of a regimen must balance intervention efficacy with safety, 
availability, affordability, and simplicity of delivery, and several antimalarials may meet 
these criteria. 

 
Treatment and Management of Malaria and HIV Co-Infection in Pregnancy 

The importance of a complete overhaul of the existing health system in most areas with 
HIV and malaria endemicity, to make it more result oriented cannot be overemphasized. The 
recognition of the immunologic, infectious, and drug-drug interactions in malarial and HIV 
coinfection is essential for safe and effective treatment and prevention of malaria, during 
pregnancy. However, low adherence and poor-quality drugs are important factors that must 
be addressed because they decrease the effectiveness of both antiretroviral and antimalarial 
drugs and may further hamper treatment outcome in pregnant women with the coinfection 
(WHO, 2005). 

In the face of the mounting evidence of the relative failure of many antimalarial and 
antiretroviral drugs in most parts of sub-Saharan Africa, the WHO will undoubtedly continue 
to revise and put forward new guidelines for the treatment of malaria and HIV infection 
during pregnancy that are operationally feasible in the sub-region (Brentlinger et al. 2006; 
Okereke, 1999). The choice of a regimen must balance intervention efficacy with safety, 
availability, affordability, and simplicity of delivery. Since pregnant women have increased 
specific risks of complications from both malaria and HIV infection, the financial and human 
resource constraints of health systems in countries most affected by malaria and HIV, and the 
shared determinants of vulnerability for both diseases, indicate the need for integration of 
preventive and curative services for malaria and HIV and strengthening the health systems 
that deliver these services (WHO, 2005). This is important because the implementation of the 
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current WHO guidelines is burdened by the notorious problems complicating health service 
delivery in the developing world particularly in the African continent: the logistical 
challenges of reaching remote regions, resource scarcity, lack of infrastructure, inadequate 
treatment, continuing poverty, and armed conflict (Prual et al. 2002; Steketee et al. 1996d).  

It is well established that women in Africa use prenatal care extensively when it is 
available and accessible. Prenatal health services are a critical place to offer routine provider-
initiated HIV testing and counselling and to follow this up with prevention of MTCT 
interventions according to national policy for those who test positive, coupled with entry to 
ART programs for those sick and in need of immediate therapy. These services, therefore, 
need to be strengthened to ensure the delivery of the WHO-recommended antenatal care, 
which includes a minimum package of interventions for the prevention of both malaria and 
HIV (WHO, 2005; Prual et al. 2002).  

This opportunity must be used to implement evidence-based malaria and HIV infection 
control actions with appropriate and realistic goals. A potentially effective malaria and HIV 
treatment content for prenatal care adapted to the context of developing countries especially 
in sub-Saharan Africa must be developed as well as careful monitoring for drug resistance. 
Furthermore, there is an urgent need to improve access of rural women to ANC services in 
the sub-Saharan Africa where they can obtain antiretroviral and antimalarial drugs free or at 
affordable costs, either through increasing the number of rural health centres or establishing 
functioning outreach services. The distribution of insecticide-treated bed nets need to become 
implemented on a large scale as this would reduce the incidence of malaria further and would 
benefit both HIV positive and HIV-negative pregnant women (Prual et al., 2002; Steketee et 
al., 1996d). Better application of these malaria and HIV interventions could markedly reduce 
the maternal and infant mortality burden of these diseases and will save many lives. 
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Abstract 
 

Toxoplasmosis is a disease of considerable public health impact. As the 
transmission, occurrence and phenotype of this disease are influenced in a complex way 
by host genetics, immunity, behavior and by the agent characteristics, prevention is not 
simple. Primary toxoplasmosis is a relatively benign disease usually acquired by 
ingestion of food contaminated by a protozoan parasite with a complex life cycle. 
However, in the case of primary infection during pregnancy, the parasite can be 
transmitted to the fetus, causing visual or neurological impairment or even death. The 
main risk factors for toxoplasmosis in pregnant women are unsanitary feeding habits, 
poor immune system, contact with cats, contact with soil, pregnancy, number of births, 
older age, race, travelling outside the country, drinking beverages prepared with unboiled 
water, consumption of municipal or uncontrolled water and T. gondii strain virulence. 
The severity of congenital T. gondii infection underlines the need for a precise diagnosis 
of acute infection during pregnancy. The microbiological diagnosis is primarily based 
upon serological tests, since the recovery of the parasite from biological samples is often 
unpractical due to its particular life cycle. Infection in the mother or congenital infection 
in the child are usually asymptomatic and can only be detected by serological screening 
for Toxoplasma specific antibodies. The search for specific IgM has been widely used for 
this purpose, but their possible early disappearance or persistence over time limits their 
meaning. This has led to the search of additional serological biomarkers which include 

                                                 
∗ Email: sensini@unipg.it 



Alessandra Sensini 290 

the detection of specific IgA, IgE and IgG avidity. Identifying acute infection through 
repeated antenatal tests facilitates fetal diagnosis through polymerase chain reaction 
amplification of DNA in amniotic fluid and ultrasonography to monitor fetal 
development. Eventually, the presence of IgM and IgA antibodies and/or persistence of 
IgG at one year of life in neonatal serum samples confirm congenital infection. As 
prenatal treatment of women and postnatal treatment of infants are hampered by the lack 
of proven efficacy, prenatal serological screening, although a matter of debate, should be 
considered in a constructive approach to better monitor and reduce the impact of 
toxoplasmosis on pregnant women and their newborn infants.  
 
 

1. The Protozoan 
 
T. gondii, an obligate intracellular protozoan of the phylum Apicomplexa, is a ubiquitous 

parasite that occurs in most areas of the world. It is capable of infecting an unusually wide 
range of hosts and many different host cells [1]. Intermediate hosts are probably all warm-
blooded animals including most livestock, and humans. Definitive hosts are members of the 
family Felidae, for example domestic cats.  There are three infectious stages of T. gondii: the 
tachyzoites (in groups or clones), the bradyzoites (in tissue cysts), and the sporozoites (in 
oocysts). These stages are linked in a complex life cycle [2]. 

 
 

1.1. Tachyzoites 
 
The term “tachyzoite” (ταχύς = speedy in Greek) was coined by Frenkel [3] to describe 

the stage that rapidly multiplied in any cell of the intermediate host and in nonintestinal 
epithelial cells of the definitive host. The term “tachyzoite” replaces the previously used term 
“trophozoite” (τρέφω = feeding in Greek). The tachyzoite is often crescent shaped, 
approximately 2-4 μm wide and 4-8 μm long, with a pointed anterior (conoidal) end and a 
rounded posterior end. Tachyzoites enter all nucleated host cells by actively penetrating 
through the host cell plasmalemma or by phagocytosis [4-9]. After entering the host cell, the 
tachyzoite becomes ovoid and is surrounded by a parasitophorous vacuole, which appears to 
be derived from both the parasite and the host cell. Tachyzoites multiply asexually within the 
host cell by repeated endodyogeny and cause the host cell death, with rapid invasion of 
neighboring cells. By the dissemination via the bloodstream many tissues, including the CNS, 
eye, skeletal and heart muscle, and placenta, can be infected. The tachyzoites are responsible 
of the strong inflammatory response and tissue destruction and, therefore, causes clinical 
manifestation of the disease. Tachyzoites are transformed into bradyzoites under the pressure 
of the immune response to form cysts. 

 
 

1.2. Bradyzoites and Tissue Cysts 
 
The term “bradyzoite” (βραδύς = slow in Greek) was also coined by Frenkel [3] to 

describe the organism multiplying slowly and persisting for the life of the host within a tissue 
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cyst. Tissue cysts grow and remain intracellular as the bradyzoites divide by endodyogeny 
[10]. Tissue cysts vary in size; young tissue cysts may be as small as 5 μm in diameter and 
contain only two bradyzoites, while older ones may contain hundreds of organisms. Although 
tissue cysts may develop in visceral organs, including the lungs, liver, and kidneys, they are 
more prevalent in the neural and muscular tissues, including the brain, eyes, and skeletal and 
cardiac muscles. Intact tissue cysts probably do not cause any harm and can persist for the 
life of the host without causing a host inflammatory response. Bradyzoites differ structurally 
only slightly from tachyzoites and express stage-specific molecules. Bradyzoites can be 
released from cysts and transformed back into tachyzoites. In immunocompetent host the 
immune response limits the diffusion of the parasite, allows the closure of the cyst, and this 
phenomenon could explain the persistence of specific antibodies for many years. In 
immunocompromised patients the impaired mechanism of control of the diffusion causes the 
recrudescence of infection, which can produce severe clinical manifestations. Cysts represent 
infective stages for intermediate and definite hosts.  

 
 

1.3. Enteroepithelial Stages 
 
Cats shed oocysts after ingesting any of the three infectious stages of T. gondii, i.e., 

tachyzoites, bradyzoites, and sporozoites. After the ingestion of tissue cysts, the cyst wall is 
dissolved by proteolytic enzymes in the stomach and small intestine. The released 
bradyzoites penetrate the epithelial cells of the small intestine, undergo several rounds of 
division and differentiate to microgametocytes and macrogametocytes. The gametocytes fuse 
to form a “zygote”. After fertilization, an oocyst wall is formed around the parasite. Infected 
epithelial cells rupture and discharge oocysts into the intestinal lumen. Several million of 
oocysts are shed in the feces of cats for 7-21 days.  

 
 

1.4. Oocysts 
 
Unsporulated oocysts are subspherical to spherical and are 10 by 12 μm in diameter. 

Sporulation occurs outside the cat within 1 to 21 days of excretion depending upon aeration 
and temperature. Sporulation takes place in 2 to 3 days at 24°C, 5 to 8 days at 15°C, and 14 
to 21 at 11°C [11]. Oocysts do not sporulate below 4°C or above 37°C [12]. Each oocyst 
contains two ellipsoidal sporocysts. Sporocysts measure 6 by 8 μm. Each sporocyst contains 
four sporozoites. As the sporulation continues, the sporoblasts elongate and sporocysts are 
formed. Four sporozoites are formed in each sporocyst [13]. The oocysts can remain infective 
in soil and probably water for up to 1 year, depending on ambient temperature and humidity. 
After ingestion the sporozoites differentiate into the rapidly dividing tachyzoites, which 
establish the acute infection. 

 
 
 
 



Alessandra Sensini 292 

1.5. Genotypes 
 
T. gondii has a highly clonal population structure [14-16], despite the opportunity for 

genetic recombination in the feline definitive host. Population genetic analysis based on 
restriction fragment length polymorphism indicates that T. gondii consists of only three 
clonal lineages, designated types I, II and III, which occur in both animals and humans [15] 
and may have different pathogenicity [17,18]. Type I is highly virulent in murine infections, 
whereas type II and III strains are relatively less virulent [19]. There is no evidence that the 
difference in virulence observed in mice will correlate with similar infections in humans. 
Types I, II, and III are the archetypal lineages that predominate in Europe and North America 
[15,20,21]. Non archetypal strains with atypical genotypes are more frequent in other 
geographical areas, such as Africa and South America. To investigate the genetic diversity of 
T. gondii, Ajzenberg et al. [22] analysed parasite strains isolated from remote geographical 
regions by multilocus microsatellite sequencing and phylogenetic analysis, and suggested that 
the global T. gondii population is highly diversified and not characteristic of a clonal 
organism. The hypothesis was formulated that T. gondii presents a complex population 
structure with a mix of clonal and sexual propagation as a function of the environmental 
conditions. The comparison between domestic strains data on one hand and wild strains data 
on the other hand is in favour of more frequent sexual recombinations in wild environment 
even though Toxoplasma subpopulation in human and domestic animals is largely clonal 
[22,23]. There is no clear correlation between strain genotype and human disease. Congenital 
infections are commonly associated with type II strains in France and the United States 
[15,24,25], but they were found to be associated with atypical or type I genotypes in 
Colombia [26]) and Brazil [27]. Type I and unusual genotypes have been associated with 
acquired ocular toxoplasmosis [28-32]. Severe cases of toxoplasmosis, especially in remote 
regions of French Guiana [33] and Suriname [34] due to atypical genotypes in 
immunocompetent hosts have been reported. Recently, serological typing has been applied in 
association with multiplex PCR in congenitally infected infants from Poland [35]. A different 
serotyping was used for examining serum samples collected from chronically infected 
pregnant women in Europe and in Colombia [36], and for symptomatic and asymptomatic 
infections in Europe and South America [37]. The results confirmed a geographical 
distribution of the different genotypes, independently of clinical status, and arised a question 
about the role played by the parasitic load and host factors in determining the clinical 
manifestations.  

 
 

2. Epidemiology 
 

2.1. Transmission 
 
The infection can be acquired by three primary routes: ingestion of tissue cysts in 

undercooked infected meat; ingestion of food or water contaminated with sporulated oocysts 
shed in the feces of an infected cat; and congenitally, across the placenta from the mother to 
the fetus when she is infected through one of the previous two routes during pregnancy [38]. 
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The comparative importance of the first two routes to pregnant women can vary from one 
report to another, depending on hygiene, customs and socio-economic status. Blood 
transfusion and organ transplantation from seropositive donors to recipients are also possible 
ways of acquiring toxoplasmosis. Direct human-to-human transmission other than from 
mother to fetus has not been recorded. Transmission during breastfeeding was suspected in 
one reported case [39]. There is no biological test that can distinguish infections due to 
oocysts eliminated by cats from tissue cysts ingested from infected meat. Therefore, 
epidemiological surveys examining risk factors in infected and non-infected persons remain 
the most useful way to assessing the relative importance of different sources of T. gondii 
infection in humans [40,41]. The risk factors have been classified as related to demographic, 
biological and behavioral characteristics [42] and are listed in Table 1. 

 
Table 1. Risk factors for T. gondii infection 

 
Risk factors Comments References 

Demographic    

Age Increase with age due to the increasing exposure to 
T. gondii 

41,43,44,45,46,47 

Gender No significant differences in the prevalence between 
males and females  

46, 48, 49, 50, 51  

Residency 
Key role of the climate and reported differences 
between native and from abroad women in the some 
countries  

52, 53, 54, 55 

Biological    

Pregnancy Down regulation of the cellular immune response 56  

Number of births Increased parity probably associated with increased 
age 

52, 53, 57  

Genetic 
predisposition 

Homogeneous and heterogeneous profile of the 
disease in monozygotic and dizygotic twins, 
respectively. Different frequency of some HLA 
antigens in different clinical status. Association 
between clinical outcomes of congenital 
toxoplasmosis and polymorphisms of two genes 
involved in ocular disease  

58, 59, 60, 61  

Immunodeficiency Reactivation of latent chronic infection 62,63, 64, 65, 66  

Strain virulence No clear correlation between genotype and 
pathogenicity  

36,37  

Behavioral   

Contacts with cats Conflicting results 67,68, 69, 70, 50, 
71, 41 

Contacts with soil Important role suggested 72, 73, 40, 43, 45  

Contaminated food 
Ingestion of tissue cysts in infected meat major 
source of infection for humans. Consumption of 
undercooked and cured meat the principal risk factor  

1, 43, 41, 74, 57, 
75, 76, 77, 78, 79  

Untreated water Contamination of the drinking water supply with 
oocysts  

80, 81, 82, 83, 84, 
85, 86  
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2.2. Prevalence 
 
The seroprevalence of infection varies greatly with geographical areas. The reasons for 

differences in the prevalence of toxoplasmosis in different countries have been attributed to 
different causes; for instance, high prevalence of infection in Europe has been related to a 
preference for eating raw or undercooked meat, while high prevalence in Central America 
and other developing countries has been attributed to the low socio-economic status [86,87] 
and frequency of stray cats in a climate favoring survival of oocysts. Also, infection is more 
common in warm climates and at lower altitudes than in cold, dry climates and mountainous 
regions [88-91]. The prevalence of T. gondii antibodies has been steadily falling in various 
countries in the past few decades [92-95]. A significant decrease of the seroprevalence has 
been observed also in our area: in 1985 the percentage of seropositivity was 44% in pregnant 
women older than 35 years, and fell to 22% in 2006 in the same age group of pregnant 
women (unpublished results). The reasons of this widely observed phenomenon are probably 
linked to a better knowledge of risk factors for the acquisition of the infection, changes in the 
food habits, increased consumption of frozen meat, and improved hygienic measures. The 
decrease of seroprevalence implies, however, an increase of susceptible childbearing age 
women with possible effects on the burden of congenital infection. 

 
 

3. T. gondii Infection and Pregnancy 
 
Congenital infection of T. gondii from an infected mother to her fetus was the first form 

of transmission to be recognized [96]. Transmission to the fetus occurs predominantly in case 
of primary infection of the mother during pregnancy, as a consequence of maternal 
parasitemia. The parasites are present in the blood stream during the acute stage of both 
subclinical and symptomatic infections and before the appearance of specific antibodies. The 
delay between initial infection and occurrence of parasitemia is not known [38]. Placental 
infection is an obligatory event between maternal and fetal infection in all vertically 
transmitted infections, including T. gondii congenital infection. After placental infection, the 
parasite enters the fetal circulation and infects the fetus. When primary infection occurs 
during pregnancy, the parasite is transmitted to the fetus in approximately 40% of cases, but 
the frequency of congenital transmission varies considerably according to the time during 
gestation that the mother became infected [97]. Frequency of transmission and severity of 
disease are inversely related. When fetal infection occurs early in gestation (first and second 
trimester), it can result in miscarriage or severe fetopathy. Fetal infection in the third 
trimester usually results in asymptomatic newborn, which is at risk to develop chorioretinitis 
during the first 2 decades of life [91]. 

 
 

4. Diagnosis 
 
Ideally the diagnosis of congenital infection by T. gondii should be achieved by 

examining all the subjects involved. The diagnostic approaches are tailored to the type of 
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patient (mother, fetus and newborn) and are based on the knowledge of the complex life 
cycle of the parasite and of the immune response of the host. Three factors must be kept in 
mind and are crucial for a reliable diagnosis: 1) the optimal schedule of the test performance; 
2) the optimal test in that clinical context; 3) the optimal laboratory for such test (Table 2). 
The confirmatory tests and the definitive diagnosis should be carried out by experienced 
reference laboratories, participating in external quality control and aware of the opportunities 
and pitfalls of diagnostic tests.  

 
Table 2. Schedules, tests and laboratories in the diagnosis of congenital infection:  

a practical guideline. 
 

Who When What Where 
Pregnant 
woman Onset of pregnancy IgG and IgM detection Clinical non-

reference laboratory 
Seronegativ

e 
Monthly monitoring 
last test after delivery IgG and IgM detection Clinical non-

reference laboratory 
IgG+IgM− No need for further controls, unless immunocompromised 

IgG−IgM+ 2-3 weeks apart IgG and IgM detection Clinical non-
reference laboratory 

IgG+IgM+ 2-3 weeks apart IgG, IgM, IgA,  
IgG avidity 

Reference 
laboratory 

Fetus 

Prenatal diagnosis: 
after 18th week,  
4-6 weeks after onset of 
infection 

PCR on amniotic fluid Reference 
laboratory 

Neonate At birth 

- IgG, IgM, IgA, IgG avidity 
- Test in parallel maternal 
and neonatal IgG by WB 
- PCR on blood, CSF and 
urine in the case of 
suspected infection and/or 
clinical signs 

Reference 
laboratory 

 

IgG+IgM+ 
and/or IgA+ After 10 days IgG, IgM, IgA,  

IgG avidity  
Reference 
laboratory 

IgG+IgM− At 1-2-3 months Test in parallel maternal 
andneonatal IgG by WB  

Reference 
laboratory 

IgG+IgM− Follow-up until 1 year IgG and IgM Clinical non-
reference laboratory 

+,-, refers to the presence or absence of antibodies, respectively. WB=western blotting 
 
 

4.1. Maternal Infection 
 
Most cases of primary Toxoplasma infection in children and adults (including pregnant 

women) are asymptomatic and self-limited. When symptomatic infection does occur the only 
clinical findings may be focal lymphadenopathy, most often involving a single site around 
the head and neck. Less commonly, acute infection is accompanied by a mononucleosis-like 
syndrome characterized by fever, malaise, sore throat, headache and an atypical 



Alessandra Sensini 296 

lymphocytosis on peripheral blood smear. Very infrequently, myocarditis, polymyositis, 
pneumonitis, hepatitis, or encephalitis can arise in otherwise healthy individuals [91]. 

In absence of specific symptoms, serologic tests to determine specific antibodies are the 
first-line method of diagnosis and are used to establish whether a pregnant woman has been 
infected and, if so, when it happened, recently or in the past. An approved guideline for the 
interpretation has been edited by NCCLS in 2004 [98]. However, these tests generate several 
false-positive and false-negative results, mostly for IgM and IgA antibodies, making the 
diagnosis of primary infection a challenging situation [99]. Ideally, the serological tests 
should be performed immediately before or at the onset of pregnancy. However, the 
frequency of testing varies widely, according to the national health policy adopted in 
different countries. A screening program is mandatory in some countries (monthly in France 
and in each trimester in Austria) and the Toxoplasma antibodies test is monthly offered free 
of charge to seronegative pregnant women in Italy, but most of European countries do not 
recommend screening. Testing for specific IgG and IgM is the only approach to determine 
the serological status of the pregnant woman. Successive tests and the conclusive diagnosis 
will depend on these first results. 

 
4.1.1. Serological Patterns 

 
Absence of Specific Antibodies (IgG Negative and IgM Negative) 
This indicates that the woman has never been infected and is at risk of acquiring primary 

infection. The optimal time to perform the test is at the beginning of the pregnancy, in order 
to give appropriate information on how to avoid the exposure to the parasite. All clinical 
laboratories, including non reference laboratories, are normally able to detect IgG and IgM. 
When the seroconversion occurs, the diagnosis of primary infection is confirmed. However, 
only a regular serological follow-up allows checking for antibodies appearance. Maternal 
monitoring is usually stopped in the third trimester or just before delivery. However, the 
infection could be acquired at the very end of pregnancy with the mother still seronegative at 
delivery. The percentage of transmission from mother to fetus is more than 70% in this period 
[97] and the newborn will be infected without clinical manifestation at birth. For this reason a 
serological control after delivery should be counseled. 

 
Presence of IgG in the Absence of IgM (IgG Positive and IgM Negative) 
The detection of IgG without IgM defines the classical serologic pattern of past infection. 

The right time for the test is, also in this case, at the beginning of the pregnancy, because an 
immunocompetent pregnant woman with serologically demonstrated chronic (or latent) 
infection at the onset of pregnancy is considered not at risk of giving birth to a neonate with 
congenital infection [38]. In the third trimester, a negative IgM titer most probably reflects 
past infection, but does not exclude an acute infection early in pregnancy. It can occur rarely 
and in some patients exhibiting a rapid decline in their IgM titers. Few cases of infected 
offspring from previously immune mothers have been published [100-105], although 
regarded as exceptions. Interestingly, in some cases, IgA antibodies were also present. Since 
these immunoglobulins are produced during the digestive phase of the acute infection, it was 
suggested that reinfection was probably linked to accidental ingestion of oocysts from a 
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different or particularly virulent strain after maternal contact with kittens. In rare case, 
congenital infections have occurred in newborns from immunocompromised mothers, i.e. 
those with AIDS or in treatment with immunosuppressive drugs, including corticosteroids 
[106,107]. 

 
Presence of IgM in the Absence of IgG (IgG Negative and IgM Positive) 
IgM antibodies are characteristic markers of acute infection. They appear at the onset of 

infection and persist for variable periods, but their time-dependent detection is strictly 
influenced by the level of sensitivity of the test. Numerous commercial products are 
available. In immunocompetent subjects, IgG production follows IgM production at different 
times, according to the diagnostic methods. When IgG antibodies are detected, the diagnosis 
of primary infection is confirmed. The development of the Toxoplasma-specific IgG antibody 
response occurs within the first 8 weeks after infection, after which time IgG levels are 
maintained at a high level, with or without declining IgM antibodies [108,109]. Some 
pregnant women can show persistent positivity only for IgM, and during the serologic 
follow-up IgG may not be observed. These “natural” IgM antibodies are believed to react 
with toxoplasmic antigens in the absence of infection. Natural antibodies are prevalently of 
the IgM class [110], or occasionally of the IgG class [111] and vary greatly on 
electrophoretic examination [112]. They are rarely found in newborns and children younger 
than six months. In pregnant women they can be present for the whole gestation [113] or for a 
limited period [114]. In these cases, because of the slow increase of IgG titers observed with 
conventional ELISA, it is advisable to employ additional tests with the use of whole parasite 
as antigen, such as dye test, indirect immunofluorescence assay or agglutination [115]. A 
sudden IgM seropositivity in the course of pregnancy alerts the physician, who starts 
therapeutic treatment before the confirmation of the infection (seroconversion) in an attempt 
to prevent transmission to the fetus. However, it should be considered that early therapeutic 
treatment, particularly with pyrimethamine and sulfadiazine, can block the production of IgG 
(our own unpublished results). In this case, the serologic pattern may remain unchanged and 
the primary infection is confirmed by the increased production of antibodies at the stop of the 
therapy. 

 
Presence of IgG and IgM Antibodies (IgG Positive and IgM Positive) 
One most challenging situation is when IgG and IgM are positive and the serologic status 

before pregnancy is unknown. In this serological scenario, “the earlier in pregnancy the 
sample is taken, the easier the interpretation of results” [116]. The collection of a second 
serum sample after 3 weeks is recommended, but meaningful differences in IgG and IgM 
titers are rarely observed. IgG titers can show a great variability among individuals and even 
the high titer, as IgG titer ≥300 IU/ml at dye test, cannot be used as a diagnostic criterion for 
recent primary infection because of its low sensitivity [117]. IgM positivity can be interpreted 
as: 1) a true-positive result in recently acquired infection; 2) a true-positive result in past 
infection; 3) a false-positive result [118]. Many commercial products for IgM detection have 
been extensively studied and compared for sensitivity and specificity [119-122], but since 
there is no accepted “gold standard”, parameters of test accuracy are poorly defined. The 
specificity and positive predictive value of new assays are directly related to the prevalence 
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of negative and positive samples, respectively, as detected by the reference test. Therefore, 
the selection of sera used for evaluation markedly influences the accuracy of the test [108].  

Several groups of investigators are working to find specific antigens and to produce 
recombinant antigens to improve the performance of IgM assay [123-132]. IgM can be 
detected for a long period after the acute infection and therefore a true-positive result cannot 
discriminate between acute, recent and past infection. Timing the onset of the infection is 
crucial in pregnant women, especially because postconceptional acquisition represents a risk 
for the fetus. For this purpose, other diagnostic tools can be utilized, such as IgA and IgG 
avidity detection. Because IgA antibodies are the main effectors of local immunity, and 
because Toxoplasma usually enters the human body via the mouth, this isotype could 
theoretically serve as reliable marker. IgA antibodies appear shortly after IgM and persist for 
some months (usually 6-7) after the onset of infection. IgA-ISAGA is the more sensitive 
assay [133-136]. However, IgA have been detected for more than a year in some subjects and 
were never detected in a small percentage of acute infections [137]. Therefore, a negative 
IgA result does not exclude an acute infection and a positive IgA result does not necessarily 
indicate an acute infection [138].  

IgE antibody detection has been proposed to define the stage of infection [139-142], 
because they are only found in serum samples of patients with acute infection and the 
duration of seropositivity is shorter than that of IgM and IgA. EIA and ISAGA tests have 
been used for determination, but these preparations are home-made and applied only in few 
reference centers. However, Foudrinier et al. showed limited (few months) IgE seropositivity 
in 85.7% of asymptomatic seroconverters and long persistence (several months) at very high 
titer in 100% of seroconverters with overt toxoplasmosis. Furthermore, IgE emerged 
concomitantly with the increase of IgG during reactivation [143].  

Since its introduction [144,145], many studies have been published on the use of IgG 
avidity test to discriminate between recently acquired and past infections by employing 
natural [146,147] or recombinant antigens [148] and adapted to automated systems 
[138,149,150]. The functional affinity of specific IgG antibodies is initially low after primary 
antigenic challenge and increased during subsequent weeks and months by antigen-driven B-
cell selection. Protein-denaturing reagents, including urea, are used to dissociate the 
antibody-antigen complex. The avidity value is determined by using the ratios of antibody 
titration curves of urea-treated and untreated samples. The maturation of IgG avidity has been 
studied monitoring subjects with seroconversion or with typical clinical manifestations: high-
avidity results exclude Toxoplasma infection in the last 3-5 months. The length of time of 
conversion from low- to high-avidity antibodies depends on the method used. There are 
relatively few commercial tests and in-house tests lack both interest and interlaboratory 
reproducibility [151]. Examination of the literature demonstrated an important heterogeneity 
in the type of assay used, the calculation of the avidity, the cut-off above which avidity was 
considered to be elevated, and the delay since infection after which indices are expected to be 
high (116). In pregnant women a high-avidity test is highly predictive of past infection if 
performed in the first trimester. Low- or borderline-IgG-avidity antibodies are known to 
persist for months to more than a year and, for this reason, are not reliable for the diagnosis of 
recently acquired infection. Furthermore, it has been suggested that antibiotic treatment can 
modify the maturation of IgG avidity with contradictory findings [150,152-154]. Recently, 
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Lefevre-Pettazzoni et al demonstrated that the rate of increase in the avidity ratio was lower if 
infection occurred late in pregnancy and higher if the delay to spiramycin treatment was long 
[155]. 

 
 

4.2. Fetal Infection 
 
The only way to demonstrate the transmission from mother to the fetus is to search for 

the presence of the parasite in fetal fluids, amniotic fluid or fetal blood. The isolation of T. 
gondii is performed by inoculation of the biological samples into mice or cell culture [1]. 
Mice are injected intraperitoneally or subcutaneously with amniotic fluid or whole fetal 
blood. The mice are bled before and 3-6 weeks after inoculation. Antibody detection and 
demonstration of brain cysts are proof of infection [156]. After cell culture inoculation the 
parasite is demonstrated by indirect IFA in monolayers within 3-6 days. Cell culture method 
has shown less sensitivity with respect to the mice inoculation [157]. Overall, these methods 
appear complex, expensive and relatively insensitive [158]. 

Polymerase chain reaction (PCR) on amniotic fluid is currently the most used molecular 
method for prenatal diagnosis of toxoplasmosis. In clinical practice, amniocentesis has 
essentially replaced cordocentesis followed by culture and serological analysis of fetal blood, 
because of its inherently lower risk of fetal loss and higher sensitivity [38]. PCR techniques 
for detection of T. gondii DNA in amniotic fluid or other samples are not standardized, and 
there is no consensus on the best protocol to use. Recently, a commercial PCR proficiency 
test became available. Sensitivity can be influenced by the gene target. In fact, the sensitivity 
of the PCR is enhanced if the target sequence exists in specie-specific multicopies. The most 
used sequence is the 35-fold repetitive gene B1 [159]. A variety of primers have been used 
for amplification, including nested PCR. Other target sequence used was the single copy gene 
P30, which encodes for the surface antigen SAG1, and the 18S ribosomal DNA. AF146527, a 
529-bp sequence specific for T. gondii and 200 to 300-fold repetitive has been identified in 
2000 [160]. The last technologic updating of the PCR is real time PCR, which reduces 
contamination risks, ensures specificity, and suppresses the cumbersome processing of gels 
and Southern blots. Furthermore, it enables rapid detection of amplification products and 
quantitative study, allowing determination of parasite count and its correlation with clinical 
symptoms and impact of treatment [161]. 

The optimal time to collect amniotic fluid for DNA is at 18 weeks of pregnancy or later. 
Amniotic fluid obtained before have not been studied; in addition, the procedure done early 
in gestation is associated with a higher risk to the fetus and likely less useful [162]. 
Furthermore, the collection should be performed at least 4 weeks after the presumptive onset 
of infection, taking into account the parasitemic stage in the infected mother and the delay in 
the parasite transmission. Amniotic fluid examination by PCR should be considered for 
pregnant women who (1) have serological test results diagnostic or highly suggestive of an 
infection acquired during pregnancy or shortly before conception; (2) have evidence of fetal 
damage by ultrasonographic examination; or (3) are significantly immunosuppressed and thus 
at risk of reactivation of their latent infection (with the exception of women with AIDS) 
[162]. Initially, sensitivity of PCR was close to 100% [163], but then Romand et al. [164] 
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reported an overall sensitivity of 64%, a negative predictive value of 88%, whereas 
specificity and positive predictive value reached 100%. Sensitivity varied according to 
gestational age and was statistically higher in case of maternal infection between 17 and 21 
weeks of pregnancy. A prospective cohort study from the European Multicentre Study on 
Congenital Toxoplasmosis confirmed that the sensitivity of PCR diagnosis increased with 
gestational age at maternal seroconversion, but there was no evidence that sensitivity was 
significantly influenced by treatment or the timing of amniocentesis [165]. However, a 
positive PCR test is only suggestive of fetal infection, but it does not give any information 
about the clinical conditions of the fetus. The challenge is to find prognostic marker of the 
severity of fetal infection.  

Romand et al., using real time PCR, demonstrated that maternal infections before 20 
weeks of gestation with a parasitic load greater than 100 parasites/mL of AF have the highest 
risk of severe fetal outcome [166]. Our experience is different (unpublished results). From 
1993 to 2007 117 amniotic fluid samples were assayed by nested PCR targeting B1 gene in 
our laboratory. Negative results were obtained from 110 samples (94%) and no congenital 
infection was reported in this group. Positive results were found in 7 cases (6%), 3 of whom 
resulted in non infected neonates, proved by serological follow up until 1 year of life. All 
positive samples were confirmed by a second PCR test. The first case referred to an 
immunocompetent seropositive woman before pregnancy and the other two were treated with 
pyrimethamine-sulfadiazine after PCR test positive. Low parasitic load or eradication by 
specific treatment could explain these findings. In conclusion, it appears that a negative PCR 
results in amniotic fluid does not rule out infection in the fetus and ultrasound examination 
should be performed each month following a negative PCR result on amniocentesis, because 
congenital infection with extensive involvement and hydrocephalus have occurred in the 
setting of a negative PCR assay result [167]. 

 
 

4.3. Neonatal Infection 
 
The outcome of the congenital infection is depending by several factors: the virulence of 

the strain, the number of the organisms transmitted from the mother to the fetus, the time 
during pregnancy when the infection occurred, and the developmental maturity of the infant’s 
immune system. Congenital T. gondii infection may occur in one of four forms: (1) a neonatal 
disease; (2) a disease (severe or mild) occurring in the first months of life; (3) sequelae or 
relapse of a previously undiagnosed infection during infancy, childhood, or adolescence; (4) 
a subclinical infection [38]. Clinical manifestations in newborns with congenital 
toxoplasmosis vary and can develop at different times before and after birth. Most infected 
newborns are asymptomatic at birth (70-90%) and classic triad of chorioretinitis, intracranial 
calcifications and hydrocephalus is found in less than 10% of infected neonates. When 
present, clinical manifestations are mainly non-specific and may include: a maculopapular 
rash, generalized lymphadenopathy, hepatomegaly, splenomegaly, hyperbilirubinemia, 
anemia, and thrombocytopenia. Chorioretinitis is the most prevalent consequence. Due to the 
above discussed arguments, the diagnosis of congenital T. gondii infection is far more 
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complicated than the diagnosis of the acquired infection. However, it must be achieved as 
soon as possible after birth in order to plan a possible treatment and clinical follow up. 
4.3.1. Serological Patterns 

 
Absence of Specific Antibodies (IgG Negative and IgM Negative) 
A negative serologic pattern can be a transitory phenomenon in congenital toxoplasmosis 

as a consequence of maternal and neonatal treatment, particularly when the maternal 
infection had occurred during the first two trimesters of pregnancy [168,169]. In this case, the 
initial diagnosis of congenital toxoplasmosis must not be questioned and the treatment and 
routine monitoring must be continued. Frequently, the transitory negativization is followed 
by a serologic rebound, more often after the cessation of therapy. The raise of antibody titers 
has not been associated with increased risk for the child and additional course of treatment 
and more ophthalmologic surveillance is apparently not warranted [170]. 

 
Presence of IgM in the Absence of IgG (IgG Negative and IgM Positive) 
In congenital infection, detection of IgM but not IgA can occur at birth in the case of 

very late maternal infection during pregnancy, as discussed above. IgA and IgG are usually 
detected in subsequent serum samples. In the case of IgM and/or IgA detection in the 
neonate, the test should be repeated about 10 days after birth, because of relatively brief half-
life of these antibodies, in order to exclude contaminating maternal antibodies [118]. 

 
Presence of IgG in the Absence of IgM (IgG Positive and IgM Negative) 
At birth, the detection of IgG antibodies without any other serologic marker is indicative 

of: 1) congenital infection after maternal infection in the first or second trimester of 
pregnancy; 2) infection of neonates whose mothers have been treated during pregnancy; 3) 
non infection. In the case of early maternal acquisition, the newborn could be at the end of 
the sub-acute stage of infection, at the time at which the production of IgM and IgA has 
already occurred. In the case of maternal infection in the second trimester, IgA can be 
detected in the absence of IgM because of longer persistence of IgA than IgM, contrary to 
what happens in adults. It is advisable, however, to test serum samples of the newborn for 
detection of IgA, given the higher sensitivity of this class of immunoglobulins as a marker of 
the congenital infection [171-174]. A poor performance of IgM and IgA tests in the 
newborns, particularly in case of maternal seroconversion in early pregnancy, has been 
recently demonstrated. Furthermore, prenatal treatment with pyrimethamine-sulphonamide 
did not significantly reduce IgM or IgA sensitivity [175]. In the case of IgA detection in the 
neonate, the test should be repeated about 10 days after birth in order to exclude 
contaminating maternal antibodies [118].  

In the case of suspected maternal infection and consequent therapeutic treatment, the 
fetal immune response can be blocked or retarded with the consequent delay in the 
production of predictive serologic markers. Persistence or increase of IgG antibodies in the 
first year of life remains the most reliable way of diagnosing congenital infection, but this 
procedure is time consuming. If only IgG antibodies are detected, it is crucial to distinguish if 
they are of maternal origin and passively transmitted or de novo synthesized by the 
congenitally infected fetus. 



Alessandra Sensini 302 

To compare antibody reactivity in mother and child, the immunoblotting method has 
been successfully employed for diagnosis of congenital toxoplasmosis [176]. Immunoblot 
combines electrophoresis of toxoplasmic antigens under denaturating conditions and a 
specific antibody test. The study of T. gondii antigens by western blotting allowed the 
determination of immunodominant antigens as well as stage-specific antigens to be utilized in 
serologic assays [177-179]. The strain-specific antigenic differences found explain the 
different electrophoretic patterns occurring among different subjects [180]. The definition of 
positivity is based on at least one IgG-reactive antigen present in the sample from the child 
and absent in the corresponding sample from the mother. A moderate variability has been 
observed among studies. However, the method is not standardized and antigen preparation, 
gel conditions, dilutions of patient sera and sources of secondary antibody are not defined, as 
yet. Nevertheless, some applications are semiautomated by a computer program, which 
makes the reading of the intensity of the bands easier and gives greater reproducibility. Best 
results in terms of sensitivity have been obtained when the method has been used for 
detection not only of IgG, but also of IgM and IgA antibodies and in combination with 
standard methods. Chumpitazi et al. evaluated the immunoblot method in comparison with 
the other conventional tests, including mouse inoculation and in vitro culture of the parasite, 
for prenatal, at-birth, and after-birth diagnosis of congenital toxoplasmosis. They concluded 
that for at-birth diagnosis, the immunoblot study of IgG, IgM and IgA antibodies reached a 
sensitivity of 92.6% with a specificity of 89.1%. The analysis of the electrophoretic bands 
showed antibodies directed against antigens with high and low molecular weights (from 
18,000 to 185,000 kDa), but most of them were in the 18,000 to 135,000 range [181]. Gross 
et al. focalized their attention on IgG detection, reporting a sensitivity of 82.4%, a specificity 
of 93.00%, a positive predictive value of 73.7%, and a negative predictive value of 95.7%. 
The immunodominant Toxoplasma antigen SAG1/P30 was not preferentially recognized in 
child serum samples. In nearly all cases of congenital infection, the child developed IgG 
antibodies against at least two antigens and all of the IgG-reactive antigens were consistently 
larger than 30 kDa. The authors suggested collecting two samples, at birth and 4 to 6 weeks 
later, to confirm the diagnosis [182].  

In a collaborative study for postnatal diagnosis of congenital infection, Pinon et al. 
compared immunoblotting and enzyme-linked immunofiltration assay (ELIFA) and standard 
methods for IgG, IgM, and IgA detection in the first year of life. In the case of treatment in 
utero and after one-year treatment of the child with pyrimethamine and sulfonamides, 
congenital infection was unidentified. In these individuals, immunologic markers were 
detected only when treatment was withdrawn, owing to a rebound of anti-Toxoplasma 
antibodies [183]. Combinating commercial western blot assays with conventional serologic 
analysis at birth and within the first 3 months, 94% of congenital infections were detected 
[184]. A two-dimensional immunoblotting method to improve the differentiation of mother 
and child immunoglobulin G profiles has been proposed [185]. To improve the early 
serologic diagnosis of toxoplasmosis in children at risk of congenital infection, recombinant 
antigens, epitopes carried by fragments of T. gondii MIC2, MIC3, MIC4, M2AP, AMA1, and 
SAG1 gene products, were assayed by enzyme immunoassays (Rec-ELISAs) with serum 
samples from 104 infants born to mothers with primary T. gondii infection acquired during 
pregnancy. Recombinant antigens preferentially reacted with IgG antibodies from infected 
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infants compared to uninfected subjects (P < 0.0001), indicating that sera from infected 
children recognized a more diverse repertoire of antigens than sera transferred over the 
placenta from the mothers. Furthermore, infected newborns primarily produce IgG2 and IgG3 
against recombinant antigens, whereas the maternally transferred antibodies were primarily 
IgG1 [186]. 

 
Presence of IgG and IgM Antibodies (IgG Positive and IgM Positive) 
IgM detection in newborn serum samples is indicative of congenital infection. However, 

the test should be repeated 10 days after birth to exclude contaminating maternal antibodies. 
The ISAGA is more sensitive than the EIA in defining congenital infection. This serologic 
pattern presumes maternal infection acquired in the third trimester, if IgA are also detected, 
or in the last month of pregnancy, if IgA are still not present. 

IgE antibodies were found in serum samples of congenitally infected newborns, but their 
sensitivity is lower than IgM and IgA [187]. Emergence of specific IgE during postnatal 
treatment is considered a sign of poor adherence or inadequate dosing [143]. Nevertheless, 
simultaneous measurement of IgM, IgA and IgE improved diagnostic yield. As for IgM and 
IgA, a positive test should be repeated about 10 days after birth to exclude contaminating 
maternal antibodies. 

IgG avidity is generally not evaluated in the neonates, because it is similar to that of their 
mothers. However, it has been recently observed that, in the absence of maternofetal 
transmission, the avidity index remained stable until the disappearance of passively 
transmitted maternal antibodies. On the contrary, IgG avidity index showed a significant 
increase in congenitally infected children. In addition, long therapy with pyrimethamine-
sulfonamide, as opposed to treatment with spiramycin alone, was found to slow down the 
progression of avidity index [154]. A delayed maturation of IgG avidity in congenital 
toxoplasmosis has been reported by Buffolano et al. The authors demonstrated the feasibility 
to perform the test on antibodies eluted from dried blood spots (Guthrie cards), allowing to 
individuate at birth maternal primary infection during the second or third trimester of 
gestation, and retrospectively evaluate the risk of congenital infection when suspicion of 
congenital infection arises during late infancy [188]. 

 
4.3.2. T. gondii Detection 

Due to T. gondii particular life cycle, the recovery of the parasite is often impracticable. 
However, in order to improve the diagnosis of congenital infection, isolation technique and 
PCR can be added to serological tests. As above mentioned, placental infection is an 
obligatory event between maternal and fetal infection in all vertically transmitted infections, 
including T. gondii congenital infection. The placenta examination by PCR and mouse 
inoculation increased the sensitivity of the diagnosis at birth from 60% (serological tests 
only) to 75% (both serological diagnosis and placenta analysis) [189]. However, the infection 
can remain localized in the placenta without transmission to the fetus and a positive PCR test 
or isolation does not necessarily mean congenital infection. We observed a PCR positive 
placenta in a non infected newborn (unpublished results). PCR examination of peripheral 
blood, cerebrospinal fluid, and urine should be performed in any newborn suspected to have 
congenital infection [91]. 
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Conclusion 
 
Congenital toxoplasmosis is a dramatic, but, in theory, preventable disease, since the risk 

factors, at least in Europe, has been identified. The prevention programs should be addressed 
to seronegative pregnant women at risk of acquiring primary infection during gestation. Due 
to the asymptomatic course of infection, serological screening at the onset of pregnancy is the 
only effective way to identify these women. Even though health education programs are 
lacking in many countries, pregnant women should be advised by their obstetricians and 
primary-care providers on how to avoid the exposure to T. gondii. Systematic serological 
follow up allows to verify the efficacy of the prevention measures and to find out 
seroconversion. The recent debate about the effectiveness of prenatal treatment to reduce the 
transmission of infection from mother to the fetus and/or fetal damage and of postnatal 
treatment to prevent sequelae has questioned the serological screening [190-193]. However, 
until there is further clarification on this subject, this approach should be considered to better 
monitor and reduce the impact of toxoplasmosis on pregnant women and their newborn 
infants. Finally, the identification of maternal, fetal and neonatal infection should be based on 
the awareness of the priorities for a reliable diagnosis: optimal schedule to test, optimal test, 
and optimal laboratory. The benefits derived from this strategy have been undoubtedly 
demonstrated by Liesenfeld et al., who reported a decrease of unnecessary abortions in about 
50% of women for whom positive IgM had been reported by outside laboratories, when 
confirmatory tests had been carried out in a reference laboratory and communication of the 
results and their correct interpretation had been given to the patient’s physician by an expert 
[194]. 
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Abstract 
 

Italian law requires serological screening for toxoplasmosis by the 13th week of 
pregnancy, with further screenings for seronegative women every 30-40 days until 
delivery (a total of 5-7). In order to make this protocol effective, full cooperation is 
required between physician and patient, and its implementation is particularly 
problematic in the case of women coming from countries with different languages, 
cultures and health conditions. Italy has recently seen an increase in immigration from 
countries outside the European Union, which means that a growing number of extra-
Community women are involved in the screening programme. An audit of how such 
screening is carried out is of paramount importance in order to assess its effectiveness, 
identify its weaknesses, and plan focused interventions. 

We considered the data regarding 3395 pregnant women referred for serological 
screening for anti-Toxoplasma IgG antibodies in the three years 2005-2007: 2465 Italians 
(72.6%) and 930 (27.4%) of foreign origin. Among the latter, 337 (36.2%) came from 
Eastern Europe, 213 (22.9%) from the Middle East and the Maghreb, 158 (17.0%) from 
Latin America, 94 (10.1%) from China and the Far East, 66 (7.1%) from the Indian 
subcontinent, and 62 (6.7%) from Equatorial and Southern Africa. 

By the end of the first trimester, 85.0% of the Italians and 81.2% of the foreign 
women (p<0.01) had undergone their first screening. With reference to origin, the 
differences from Italians were statistically significant only in the case of the African 
(96.8%), Latin American (77.2%) and Chinese women (71.3%). The prevalence of anti-
Toxoplasma IgG ranged from 3.2% in the women of Chinese origin to 54.4% in those of 
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Latin America: comparison with the Italian prevalence (19.4%) showed that all of the 
differences were statistically significant (p<0.01) except for that relating to the women of 
the Indian subcontinent (13.6%). Five or more screenings (as indicated by the Italian 
Ministry of Health) were undergone by 32.2% of the seronegative Italians and 30.4% of 
the seronegative foreign women, among whom the differences from the Italians were 
statistically significant only in the case of the Latin American (20.8%, p<0.05) and 
Chinese women (18.7%, p<0.01). In conclusion, our study shows that screening is active 
in recruiting both Italian and foreign women by the end of the first trimester of 
pregnancy, when it is easier to assess and manage a possible acute infection. However, it 
seems to be more difficult to implement the full screening programme as indicated by the 
Ministry of Health as only about one-third of the seronegative women underwent five or 
more screenings. Furthermore, the management of screening is particularly problematic 
in the case of Chinese and Latin American women, which should stimulate more health 
education campaigns. 
 
 

Introduction 
 
Toxoplasma gondii is an obligate intracellular parasite whose final host is the cat and 

whose intermediate hosts are various warm-blooded animals including humans. Humans can 
become infected by eating raw or poorly cooked foods contaminated with cysts [1, 2], or by 
means of contact with infected material, especially soil in which the oocysts expelled by cats’ 
intestine are deposited [3]. 

Only 10% of the infections are symptomatic in immunocompetent subjects [4], and their 
clinical pictures are similar to those caused by cytomegalovirus (CMV) infection or 
mononucleosis. They are generally benign, but their course is more serious (and sometimes 
fatal) in immunodepressed subjects. Congenital infections are particularly important as their 
clinical manifestations range from non-specific forms comparable with CMV, rubella or 
Herpes simplex infection to more severe events such as corioretinitis, epilepsy, and 
psychomotor or mental retardation. Children with sub-forms at birth may also develop 
symptoms of full-blown toxoplasmosis in subsequent years. 

The incidence and severity of the infection varies with the trimester of pregnancy in 
which it was contracted. The frequency of transmission increases proportionately with the 
trimester, and is estimated to be 10-15% in the first, 40% in the second, and 70% in the third 
with peaks of 90% in the ninth month [5-7], but the severity of co-natal infection decreases, 
with children born to mothers infected in the first or second trimester showing more severe 
forms of toxoplasmosis than those whose mothers infected in the third trimester. It has been 
estimated that congenital toxoplasmosis affects 1-10 infants in Europe every 10,000 births [8] 
and, given the importance of the problem, preventive campaigns aimed at screening pregnant 
or pre-pregnant women or infants have been proposed, as more general health education 
campaigns [9, 10]. 

The implementation of serological screening during pregnancy is related to the 
prevalence of infection: toxoplasmosis is widespread throughout the world, but its frequency 
varies from country to country, and has been attributed to climatic, hygienic, socio-economic 
and dietary factors [1, 5, 11-13], and it could reflect different exposure to the two main 
sources of contagion: cyst tissue in meat, or oocysts in soil contaminated by infected faeces. 
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Antibody prevalence in humans increases with age, with no gender differences. The 
seroprevalence of anti-Toxoplasma IgG among women has been reported to be 15% in the 
USA [14], 10-18% in Great Britain [15, 16], 19-29% in Spain [17, 18], 27% in Denmark 
[19], 10% in Norway [5], 14-26% in Sweden [20, 21], 55% in France [22], and 24% in 
Greece [23]. There has been a significant reduction in antibody prevalence over recent years 
[20, 23-25], which may be responsible for the variations found when comparing data from 
studies carried out at different times. In terms of incidence, the reported values in Europe 
range from 0.51 and 0.82 x 1000 pregnant women in Sweden [21] and Norway [26], to 2.9 
and 3.04 x 1000 in Denmark [17] and Finland [28], and 5.4 and 8.1 x 1000 in The 
Netherlands [29] and France [22]. On the basis of these data, serological screening during 
pregnancy is not recommended in some countries such as Britain, Holland, Norway and the 
USA, where it is not justified in cost-benefit terms [29-32], but it is recommended (in 
different forms) in others, such as France, Belgium, Switzerland, Germany and Austria [33-
35]. 

In Italy, IgG antibody prevalence rates range from 21% to 48% [25, 36-40], and have 
clearly decreased over recent years, whereas incidence rates are high: 9.1 x 1000 [41], with 
peaks of 35 x 1000 [42]. Current Italian health legislation (Official Gazette No. 245 of 
20/10/98) includes serology for toxoplasmosis among the scheduled examinations during 
pregnancy and indicates that the first screening should be performed by the 13th week, after 
which seronegative women should be screened every 30-40 days until delivery (a total of 5-7 
screenings). 

However, it is not sure that the screening is implemented adequately: a knowledge, 
attitude and practice (KAP) study developed in Italy in the 1990s found that only 65% of the 
interviewed gynaecologists periodically re-screened women who were seronegative at their 
first screening during pregnancy [43], and there are published reports from both screening 
and non-screening countries indicating that 30-35% of initially seronegative women do not 
complete the follow-up during pregnancy [44, 45]. Finally, the recent increase in immigration 
to Italy [25] has meant that more immigrant women are involved in pregnancy screening 
programmes, but managing such screening can be difficult because of differences in culture 
and language. 

The aim of this study was to assess serological screening in the three years 2005-2007 
among pregnant Italian and foreign women on the basis of their geographical origin because 
their different cultural backgrounds may effect screening in different ways. 

 
 

Materials and Methods 
 
We retrospectively reviewed data relating to 3395 pregnant women with a mean age of 

31.5 years (range 15-46) who started and concluded a pregnancy in the period 2005-2007, 
during which women underwent serological screening for anti-Toxoplasma IgG and IgM 
antibodies (ETI-TOXOK-G-PLUS, ETI-TOXOK-M reverse PLUS; Dia Sorin, Saluggia, 
Italy). 

Of these 3395 women, 2465 (72.6%) were Italian (mean age 32.2 years, range 15-46) and 
930 (27.4%) were of foreign origin (mean age 28.3 years, range 15-44), including 337 
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(36.2%) from Eastern Europe, 213 (22.9%) from the Middle East and the Maghreb, 158 
(17.0%) from Latin America, 94 (10.1%) from China and the Far East, 66 (7.1%) from the 
Indian subcontinent, and 62 (6.7%) from Equatorial and Southern Africa. The data 
considered were the trimester of pregnancy in which they underwent their first screening, the 
number of screenings carried out during pregnancy, and the trimester distribution of the 
screenings. The data were statistically analysed using the χ2 test and Fisher's exact test. 

 
 

Results 
 
A total of 3395 women (84.0%) underwent their first screening in the first trimester of 

pregnancy, 354 (10.4%) in the second trimester, and 190 (5.6%) in the third: the differences 
between the Italian and foreign women were statistically significant for the first and second 
trimester (Table 1). 

 
Table 1. Trimester of pregnancy in which the first screening for anti-Toxoplasma 

antibodies was carried out in Italian and foreign women (period 2005-2007) 
 

 Italian women Foreign women  Total 
Trimester of pregnancy No. % No. % P No. % 
I trimester 2096 85.0 755 81.2 <0.01 2851 84.0 
II trimester 240 9.7 114 12.3 <0.05 354 10.4 
III trimester 129 5.2 61 6.6 NS 190 5.6 
Total 2465  930   3395  

NS = not significant. 
 
Table 2 shows the same data stratified by country of origin. By the end of first trimester, 

96.8% of the African, 77.2% of the Latin American, and 71.3% of the Chinese women had 
undergone their first screening: all of these percentages are significantly different (p <0.01) 
from the percentage of Italian women (85.0%). The differences between the Italians and the 
other subgroups of foreign women were not statistically significant (Table 2). 

 
Table 2. Trimester of pregnancy in which the first screening for anti-Toxoplasma 

antibodies was carried out, by geographical area of origin (period 2005-2007) 
 

Origin I trimester p II trimester p III trimester p 
Eastern Europe 276 (81.9%) NS 37 (11.0%) NS 24 (7.1%) NS 
Middle East  174 (81.7%) NS 22 (10.3%) NS 17 (8.0%) NS 
Latin America 122 (77.2%) <0.01 25 (15.8%) <0.05 11 (7.0%) NS 
China 67 (71.3%) <0.01 24 (25.5%) <0.01 3 (3.2%) NS 
Indian subcontinent 56 (84.8%) NS 6 (9.1%) NS 4 (6.1%) NS 
Africa 60 (96.8%) <0.01 0 (0%) < 0.01 2 (3.2%) NS 
Italy 2096 (85%)  240 (9.7%)  129 (5.2%)  

NS = not significant. 
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Eight hundred and four women (23.7%) were anti-Toxoplasma IgG and/or IgM positive 
at the time of the first screening: 479 Italians (17.7%) and 325 foreign women (34.9%) 
(p<0.01) (Table 3). The prevalence of anti-Toxoplasma varied from 3.2% among the Chinese 
women to 54.4% among the women of Latin America (Table 4); comparison with the 
prevalence among the Italian women (19.4%) showed that the differences were statistically 
significant (p<0.01) for all of the subgroups except the Indian subcontinent subgroup 
(13.6%). 

 
Table 3. Prevalence of anti-Toxoplasma antibodies in pregnant Italian and foreign 

women (period 2005-2007) 
 

 Italian women Foreign women  Total 
Anti-Toxoplasma No. % No. % P No. % 
Negative 1986 80.6 605 65.0 <0.01 2591 76.3 
Positive 479 17.7 325 34.9 <0.01 804 23.7 
Total 2465  930   3395  

 
Table 4. Prevalence of anti-Toxoplasma antibodies by geographical area of origin 

(period 2005-2007) 
 

Origin Anti-Toxoplasma IgG antibodies 
 Positive Negative p 
Eastern Europe 104 (30.9%) 233 (69.1%) <0.01 
Middle East 95 (44.6%) 118 (55.4%) <0.01 
Latin America  86 (54.4%) 72 (45.6%) <0.01 
China 3 (3.2%) 91 (96.8%) <0.01 
Indian subcontinent  9 (13.6%) 57 (86.4%) NS 
Africa 28 (45.2%) 34 (54.8%) <0.01 
Italy 479 (19.4%) 1986 (80.6%)  

NS = not significant. 
 

Table 5. Number of screenings of pregnant Italian and foreign women who were anti-
Toxoplasma negative at the first screening (period 2005-2007) 

 
 Italian women Foreign women  Total 
No.of screenings  No. % No. % p No. % 
1 314 15.8 107 17.7 NS 421 16.2 
2-4 1033 52.0 314 51.9 NS 1347 52.0 
≥5 639 32.2 184 30.4 NS 823 31.8 
Total 1986  605   2591  

NS = not significant. 
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Among the initially seronegative women, 823 (31.8%) underwent five or more 
screenings (as indicated by the Ministry of Health), with no significant difference between 
the Italian women and the foreign women considered as a whole (Table 5). 

 
Table 6. Number of screenings of seronegative pregnant Italian and foreign women by 

geographical area of origin (period 2005-2007) 
 

Origin Number of screenings 
 1 p 2-4 p ≥5 p 
Eastern Europe 43 (18.5%) NS 108 (46.4%) NS 82 (35.2%) NS 
Middle East  16 (13.6%) NS 60 (50.8%) NS 42 (35.6%) NS 
Latin America  14 (19.4%) NS 43 (59.7%) NS 15 (20.8%) < 0.05 
China 17 (18.7%) NS 57 (62.6%) < 0.05 17 (18.7%) <0.01 
Indian subcontinent  12 (21.0%) NS 29 (50.9%) NS 16 (28.1%) NS 
Africa 5 (14.7%) NS 17 (50.0%) NS 12 (35.3%) NS 
Italy 314 (15.8%)  1033 (52.0%)  639 (32.2%)  

NS = not significant. 
 

Table 7. Comparison of screenings Italian and foreign women by trimester of pregnancy 
(period 2005-2007) 

 
Origin Trimesters of pregnancy 
 I+II+III I I+II I+III II II+III III Total 
Italy 1151 

(58.0%) 
204 
(10.3%) 

211 
(10.6%) 

81 
(4.1%) 

81 
(4.1%)  

142 
(7.1%) 

116 
(5.8%) 

1986 

Abroad 300 
(49.6%) 

69 
(11.4%) 

77 
(12.7%) 

39 
(6.4%) 

26 
(4.3%) 

54 
(8.9%) 

40 
(6.6%) 

605 

p <0.01 NS NS <0.05 NS NS NS  
Total 1451 

(56.0%) 
273 
(10.5%) 

288 
(11.1%) 

120 
(4.6%) 

107 
(4.1%) 

196 
(7.6%) 

156 
(6.0%) 

2591 

NS = not significant. 
 

Table 8. Comparison of screenings of seronegative pregnant Italian and foreign women 
by trimester of pregnancy and geographical area of origin (period 2005-2007) 

 
Origin Trimesters of pregnancy 
 I+II+III p I I+II I+III II II+III III 
Eastern 
Europe 

126 
(54.1%) 

NS 29 
(12.4%) 

28  
(12.0%) 

7 
(3.0%) 

3 
(1.3%) 

21 
(9.0%) 

19 
(8.2%) 

Middle 
East  

60 
(50.8%) 

NS 11 
(9.3%) 

9  
(7.6%) 

15 
(12.7%) 

4 
(3.4%) 

12 
(10.2%) 

7 
(5.9%) 

Latin 
America  

33 
(45.8%) 

<0.05 5 
(6.9%) 

11 
 (15.3%) 

5 
(6.9%) 

7 
(9.7%) 

5 
(6.9%) 

6 
(8.3%) 

China 33 
(36.3%) 

<0.01 7 
(7.7%) 

18 
 (19.8%) 

7 
(7.7%) 

11 
(12.1%) 

12 
(13.2%) 

3 
(3.3%) 
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Indian 
subcontinent  

30 
(52.6%) 

NS 13 
(22.8%) 

5  
(8.8%) 

1 
(1.7%) 

1 
(1.7%) 

4 
(7.0%) 

3 
(5.3%) 

 I+II+III p I I+II I+III II II+III III 
Africa 18 

(52.9%) 
NS 4 

(11.8%) 
6  
(17.6%) 

4 
(11.8%) 

0 
(0%) 

0 
(0%) 

2 
(5.9%) 

Italy 1151 
(58.0%) 

 204 
(10.3%) 

211 
(10.6%) 

81 
(4.1%) 

81 
(4.1%) 

142 
(7.1%) 

116 
(5.8%) 

 
However, comparison by subgroup of origin showed that there was a statistically 

significant difference between the Italians and the women from Latin America (p<0.05) or 
China (p<0.01) (Table 6). In relation to the trimesters of pregnancy in which the screenings 
took place, 1451 seronegative women (56.0%) underwent at least one screening every three 
months: 1151 Italians (58.0%) and 300 foreign women (49.6%) (p<0.01) (Table 7). The 
differences in comparison with the Italians statistically significant only in the case of the 
Chinese (36.3%, p<0.01) and Latin American women (45.8%, p<0.05) (Table 8). 

 
 

Conclusion 
 
The severity of congenital Toxoplasma gondii infection has prompted some countries to 

launch antibody screening campaigns as a means of promptly identifying possible acute 
infections with a risk of transmitting Toxoplasma to the foetus. The current Italian legislation 
indicates a protocol for access to laboratory tests including a search for anti-Toxoplasma 
antibodies at the beginning of pregnancy (before the end of the 13th week) and, in the case of 
IgG negativity, repeat screenings every 30-40 days until childbirth (for a total of 5-7 
screenings). Ensuring that this protocol is appropriately implemented requires the full 
cooperation of physicians and patients, and efficiently organised healthcare facilities capable 
of allowing timely access and prompt results, and so it is worth conducting an audit in order 
to assess the effectiveness of the screening, identify its weaknesses, and plan any necessary 
targeted interventions. 

The vast majority of the women in our survey began monitoring during the first trimester 
of pregnancy as indicated by the Ministry of Health. However, although the vast majority of 
seronegative women underwent more than one screening during the course of their 
pregnancy, only about one-third underwent the recommended number of 5-7, and only 
slightly more than half underwent at least one screening every three months. 

Comparison of the Italian women with those of foreign origin (about one-fifth of the 
total) showed that there was no difference in the timing of the first screening, but the 
percentage of women who underwent screening in every trimester was significantly lower. 
This may be due to various reasons, ranging from socio-economic, cultural and linguistic 
differences, to problems of integration related to their more or less recent time of 
immigration. Furthermore, our study only considered women who had access to the National 
Health Service, and did not include clandestine immigrants who do not undergo normal 
screening procedures. 

Our findings show that women from Eastern Europe, the Middle East, the Indian 
subcontinent and Africa behaved like the Italians (and, in some cases, the Africans performed 
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better), but the Chinese and Latin American women underwent screening later and less 
frequently. Although it would take a more sociological study to understand this behaviour, it 
does seem that these groups merit a particularly concentrated health education campaign. 
Moreover, as the proportion of pregnant women of foreign origin in Italy continues to grow, 
the problems involved in managing their screening should be increasingly taken into account 
at the level of national health policy. 
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Abstract 
 

The term “rickettsioses” traditionally has included the diseases caused by 23 species 
of the genus Rickettsia up-to-date recognized to be pathogenic to humans as well as 
diseases caused by Coxiella, Ehrlichia, Anaplasma and Orientia species, which belong to 
different genera, families or even orders. Infections caused by rickettsiae and related 
pathogens are of major morbidity worldwide; additionally, new pathogens are 
continuously recognized and consideration has recently been given to their potentiality as 
biological weapons. 

Pregnant women, especially those living in endemic areas, are of considerable risk 
for rickettsioses, but very little is known about the natural course of infections caused by 
rickettsiae and related pathogens during pregnancy. Transplacental passage has not been 
documented for any of the pathogens of the genus Rickettsia, the youngest serologically 
confirmed case having been a R. ricketsii infection a 6-month-old infant. By contrast, 
transplacental transmission is likely, for Orientia and Anaplasma species, thus treatment 
of the newborn should be considered in such cases. C burnettii, a major cause of 
infertility and abortions in animals has been associated with obstetric complications, 
abortions and stillbirths in humans as well and perinatal infection with this pathogen is 
considered possible. 

The treatment of infections caused by rickettsiae and related pathogens in pregnancy 
raises serious safety issues. Tetracyclines, which are the treatment of choice for non-
pregnant adults can be toxic for both, the mother and the fetus and the alternative choice 
of chloramphenicol has been associated with the rare but life-threatening complication of 
“gray baby syndrome” if given near term. Macrolides have been safely used in pregnancy 
for the treatment of other infections and seem to be an attractive option but their efficacy 
against the most serious of these infections, i.e., R rickettsii, is questioned. Moreover, 
macrolides alone are not sufficient for the management of C burnettii infection, which 
has the potential of chronicity and can complicate future pregnancies. 
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Rickettsioses in pregnancy are associated with complications both for the mother 
and fetus/infant. Treatment of these infections remains challenging and controversial and 
should be carefully considered on case-by-case basis until further investigation elucidates 
the natural course of the infections in pregnancy and the efficacy and safety issues. 
Prevention, principally by avoiding ticks and contact to infected animals, is of paramount 
significance. 
 
 

Introduction 
 
The term “rickettsiosis”, has traditionally included the diseases caused by 23 species of 

the genus Rickettsia up-to-date recognised to be pathogenic for humans as well as diseases 
caused by Coxiella, Ehrlichia, Anaplasma and Orientia species, which cause similar clinical 
manifestations but have been ultimately proven to belong to diverse genera, families, orders 
or even classes [1-3]. The identification and classification of these organisms and the 
elucidation of their clinical features occurred during the 20th century and is still ongoing, 
however the diseases have existed since antiquity and have greatly affected the history and 
evolution of humanity. These diseases were called rickettsioses in honour of the American 
pathologist Howard Taylor Ricketts (1871–1910), who in 1908 identified R rickettsii as the 
responsible pathogen for Rocky Mountain spotted fever and lost his life investigating 
epidemic typhus in Mexico two years later. 

Rickettsiae and related pathogens are all obligate intracellular gram-negative coccobacilli 
and their life-cycle involves small mammal vertebrate hosts and arthropod vectors, with the 
exception of C. burnetii, which is a zoonosis infecting humans through contaminated soil. 
Humans are only incidental hosts and do not contribute to the persistence of the organisms in 
nature, with the exception of R prowazekii. Because of the common properties of these 
organisms the diseases they cause, similarly sharing common clinical characteristics, are 
often discussed together as “rickettsioses” “rickettsial infections”, or “infections caused by 
rickettsiae and associated organisms” [2]. Although we kept herein the traditional term 
“rickettsioses”, we believe that time has come to think of and manage these infections as 
distinct clinical entities. To avoid the confusion often occurring by the designation of these 
diseases by both the pathogen and some other term of geographical or historical origin, we in 
general preferred the designation by the pathogen. 

Rickettsiae and related pathogens are present worldwide, their epidemiology being 
determined by the ecology of vectors, i.e., ticks, mites, fleas and lice and new pathogenic 
species are continuously recognised. Recently, consideration has been given on their 
potentiality as biological threat [4], as they are easy to mass-produce, may be released in 
aerosol form or through infected arthropods, present with nonspecific manifestations leading 
to delayed diagnosis and treatment, are highly virulent, and as resistant strains may be 
developed [5, 6]. The CDC experts committee has listed R prowazekii and C burnetii in 
category B and R rickettsii in category C [5, 7]. However, it has been argued that all three 
species alongside with R typhi belong in the highest-priority category A, and deserve more 
attention [5] 

The infections caused by rickettsiae and associated pathogens are generally considered 
more common among men and children, however women are also at considerable risk for 
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infection in endemic areas as many of them maintain their occupation and activity in the 
pregnant state. The pregnant patient with a rickettsiosis presents a special problem in that the 
illness maybe easily misdiagnosed and attributed to more common pregnancy-related 
diseases [8]. Moreover, pregnancy imposes puzzling therapeutic questions since 
tetracyclines, which are the antibiotics of choice for most infections caused by rickettsiae and 
related pathogens, are not considered safe in pregnancy [8, 9]. The appropriate management 
of the neonate after birth, not only in terms of appropriate investigation and antibiotic 
treatment but also in terms of nursing and follow-up, remains an open question for most of 
these infections. The existing guidelines for the management of rickettsioses during 
pregnancy include only very general recommendations for the pregnant patient, leaving the 
management details to be resolved on case basis [1, 8, 10]. We present an overview of 
rickettsioses in pregnancy focusing on the management of mother and neonate, based on all 
available published information. 

 
 

Incidence and Impact of Rickettsioses in 
Pregnancy 

 
Although rickettsiae and related pathogens are of major morbidity worldwide they have 

only very rarely been reported during pregnancy and thus they are considered unusual among 
pregnant women [11, 12]. However, since these infections have a non-specific clinical 
presentation [10] they may well go unrecognised and since many of them are mild and self-
limited [13, 14], they may also be underreported. Hence, their true incidence during 
pregnancy cannot be estimated. Information is derived from sporadic case reports 
encountered in medical literature for pregnant patients with R. rickettsii [8, 9, 15], R. conorii 
[16, 17], R. typhi [18, 19] and A. phagocytophilum [20-23] infection and scarce case series, 
concerning mainly O. tsutsugamush [11, 24-27] and C. burnettii infection [28, 29]. 

In addition, their impact on pregnancy is unclear for most of them. The pathogens of the 
genus Rickettsia seem not to be transmitted transplacentally. An indication pointing against 
vertical transmission in humans is that these infections are exceptional in infants, the 
youngest serologically confirmed case being a 6-month-old infant with R rickettsii infection 
whose older sibling was also affected in the same period [29]. In the reported cases there 
were no clinical or laboratory signs of infection in any of the delivered infants [8, 9, 15-19]. 
In one of the cases polymerase chain reaction for rickettsia species was performed on the 
placenta of a pregnant woman with R. rickettsii infection, which was negative for the 
organism [15]. Experimental studies with murine models did not demonstrate transplacental 
passage of O tsutsugamushi and R typhi [31, 32], although perinatal O tsutsugamushi 
infection has been suggested in two clinical cases [25, 26]. In these cases the neonates were 
born to mothers with O. tsutsugamushi infection who were not treated until delivery. They 
both developed febrile illnesses suggestive of scrub typhus infection and elevated O. 
tsutsugamushi-specific IgM antibodies were in both detected [26, 27]. Uncontrolled O. 
tsutsugamushi infection has also been associated with stillbirths or foetal loss [25]. 

By contrast, transplancental passage of C burnetii and possibly Anaplasma species may 
happen [23, 28]. Perinatal infection with A. phagocytophylum was reported in one case. The 
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mother presented with signs of infection just one day before delivery and gave birth to a 
normal female infant, who presented with signs of infection on her ninth day of life [20]. 
Although A. phagocytophylum is known to be transmitted across the placenta in animals, the 
route of infant’s infection in this case has not been confirmed. The placenta had been 
discarded and the infant had been breastfed before the mother’s diagnosis was suspected [20]. 
In another occasion, infection early in pregnancy resulted in foetal loss [12]. 

C. burnetii infection deserves a special consideration, as it is a well-known cause of 
abortion and infertility in animals, and of placentitis, obstetric complications and risk in 
subsequent pregnancies in human cases [33]. Spontaneous abortions, foetal death, growth 
retardation and premature delivery have been reported despite treatment [28, 33]. Infection in 
the first and second trimester of pregnancy bears a high risk of chronicity, regardless of 
treatment [28, 33]. The impact of the disease on the foetus seems to be so devastating that it 
usually results either in foetal loss from placental insufficiency or in prematurity and low 
birth weight, thus neonatal acute C. burnetii infection has only rarely been reported [34]. 
Some cases of uninfected neonates born to mothers with confirmed acquisition of C. burnettii 
infection during pregnancy have also been reported [35, 36]. 

 
 

Clinical Presentation and Diagnosis:  
Pregnancy-Related Considerations 

 
Probably the main difficulty in the diagnosis of rickettsioses is their non-specific clinical 

presentation. In most of these diseases fever and flu-like symptoms occasionally 
accompanied by a rash are the most common early symptoms, which the pregnant patient 
might easily attribute to the pregnancy itself [9]. In many cases a suggestive history, such as 
tick-bite, animal contact or occupational exposure is lacking [1, 10, 14]. Even when the 
history is suggestive, clinicians are not always familiar with the transmission route and the 
diverse, even protean manifestations of these infections, especially in non-endemic areas. 

The diagnostic approach of rickettsioses in pregnancy can be a demanding and 
complicated task. Infectious diseases lead the list of differential diagnosis, which also 
includes several non-infectious pregnancy-associated conditions [8, 9]. Infections associated 
with arthropod bites or infected domestic animals and similar clinical manifestations, such as 
Lyme disease, leptospirosis and brucellosis and infections with special implications for 
vertical transmission, such as rubella, measles, toxoplasmosis, secondary syphilis, Epstein-
Barr virus infection and enteroviral infection should be considered [8, 9]. Additionally, in the 
third trimester of pregnancy severe preeclampsia with liver involvement and 
thrombocytopenia (haemolysis, elevated liver enzymes, low platelet, HELLP syndrome), 
Gram-negative sepsis and streptococcal toxic shock syndrome (TSS) in the postpartum 
setting might have a clinical presentation resembling an infection caused by rickettsiae and 
related pathogens [8, 9]. 

Therapeutic decision is commonly made on clinical grounds, since laboratory 
confirmation is often unavailable, and even useless for clinical decisions, as specific IgM and 
IgG antibodies for all rickettsiae and associated organisms are only detected after the first or 
the second week of the disease, a follow-up sampling is required, and interpretation is often 
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tricky and confounded by cross-reactivity [14, 37]. The possibility of false-positive serologic 
tests during pregnancy cannot be entirely excluded, since it is known that false-positive 
serologic tests often obscure the diagnosis of many diseases in pregnant patients [38-40]. A 
rapid latex-agglutination test, which had been used for early detection of R.rickettsii infection 
yielded high rates of false-positive results reaching 12% in the third trimester of pregnancy 
[41]. The false-positivity rates of this test were concluded on clinical grounds and in 
comparison with the highly sensitive and specific immunofluorescent assay (IFA), which is 
currently the method of choice for the laboratory confirmation of most rickettsioses [41]. 
False-positive results of IFA associated with pregnancy have not been reported. More 
accurate methods, such as culture and Western blotting, and rapid molecular assays have 
been developed but are not widely available. 

 
 

Treatment of Rickettsioses in Pregnancy 
 
Second-generation tetracyclines, doxycycline and minocycline, are the antibiotics of 

choice for the treatment of rickettsioses in nonpregnant adults. Rickettsiae and associated 
organisms are totally susceptible to tetracyclines in vitro with the exception of some O. 
tsitsugamushi strains [42-44]. Although the optimal duration of treatment has not been 
established, a short course of treatment, ranging from a few days to 2 weeks, is adequate to 
cure most of these infections. [1, 10, 37]. However, tetracyclines have long been known to 
bind irreversibly in calcifying tissues, resulting in growth inhibition of bones and permanent 
teeth discolouration [45, 46], thus there have been serious concerns about their safety during 
pregnancy and in early childhood [8, 47]. The American Academy of Pediatrics amended its 
recommendation against the use of tetracyclines in early childhood and advised for their 
exceptional use for life threatening rickettsial and related infections [10]. The rationale was 
that morbidity from rickettsioses outweighs the risk of dental staining from a short course of 
doxycycline [1]. 

Tetracyclines and pregnancy. Unfortunately, the same safety with short courses of 
doxycycline or other tetracyclines cannot be assumed for pregnant women. Tetracycline use 
in pregnancy may induce maternal hepatotoxicity and affect not only deciduous teeth but also 
foetal skeleton [8, 9]. Early studies in animals and observational studies with neonates 
receiving or exposed to tetracyclines in utero demonstrated bone growth inhibition, 
associated with large doses and reversible after discontinuation of tetracyclines [45, 46]. 
However, since no proven permanent tetracycline-associated skeletal malformation has ever 
been reported and calcification of permanent teeth does not begin until after birth, CDC 
recommendations call for the consideration of doxycycline for life-threatening rickettsioses, 
such as R rickettsii infection, in pregnancy [10]. Experience is limited though, the only 
clinical case reported being a patient with O. tsutsugamushi infection treated with 
minocycline with favourable outcome for the mother and without side-effects for the neonate 
[11]. 

Chloramphenicol, one of the oldest broad-spectrum antibiotics, with almost equal 
efficacy to tetracyclines against rickettsiae and associated pathogens, remains the 
recommended antibiotic for the treatment of most of these infections acquired during 
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pregnancy [8, 17]. There have recently been some concerns of resistance, however, since C 
burnettii strains and the newly recognised Ehrlichiae and Anaplasma species exhibited 
tetracycline resistance in vitro [48-50]. Chloramphenicol is well-tolerated and of a very low 
risk of teratogenicity [9]. Mild bone marrow suppression is the commonest side effect and is 
usually dose-related and reversible, but serious safety concerns are raised by wide 
interindividual variations in metabolism and by the potentiality of aplastic anaemia, a rare but 
fatal idiosyncratic reaction occurring weeks after therapy [51]. The risk of “grey baby 
syndrome” of cardiovascular collapse after administration of chloramphenicol late in 
pregnancy is a theoretical possibility but it has never been confirmed [8]. Chloramphenicol 
has been successfully used for the treatment of a 28 weeks pregnant woman with R. rickettsii 
infection and a near term woman with R conorii conorii infection, who both recovered 
without side-effects for them or their infants [15, 17], but failed to control O tsutsugamushi 
infection in a pregnant woman, who delivered a premature baby on the second day of 
treatment. The neonate died within 6 hours because of respiratory distress, without signs of 
perinatal infection [24]. 

Macrolides, which are considered safe in pregnancy and have proven efficacy against 
intracellular organisms could be an ideal alternative, especially the newer ones, 
clarithromycin, josamycin and azithromycin [52, 53]. They have been widely used for 
toxoplasmosis and chlamydial infections in pregnancy, with excellent safety and tolerance 
profiles [54]. Erythromycin was successfully used for R typhi infection in two pregnant 
women in Australia and Cyprus [18, 19], but controlled only partially A. phagocytophilum 
infection in a 34 weeks pregnant woman [21]. In this case the neonate was born and remained 
healthy but mother’s fever relapsed after delivery and was eventually cured with doxycycline 
for 2 weeks [21]. Josamycin has been recommended as the macrolide of choice for pregnancy 
[16, 22], but this agent is not widely available. Azithromycin in a single dose of 500 mg was 
successfully used in 11 pregnant women with O tsutsugamushi infection who delivered 
healthy neonates [11]. The efficacy of macrolides against the most serious rickettsial 
infections, i.e R. rickettsii, is questioned, despite susceptibility of the agent to newer 
macrolides in vitro [52, 55-57]. Additionally, although macrolides were efficient against 
acute C. burnetti infection [58], it is doubtful whether they are sufficient to control C. 
burnettii infection acquired in pregnancy and prevent chronicity [28, 59]. 

Rifampin. In vitro studies have demonstrated variable susceptibility of rickettsiae to 
rifampin [42] but both rifampin and its derivative rifabutin exhibited in vitro activity against 
Ehrlichia and Anaplasma species [60, 61]. At the clinical level, rifampin was used either as 
monotherapy or in combination with erythromycin for the treatment of pregnant women with 
A. phagocytophilum and R conorii conorii infection, respectively [16, 22]. Such regimens 
should be considered with caution, however, in ensuring that R rickettsii infection can be 
ruled out [10]. 

Fluoroquinolones have shown adequate efficacy against rickettsial and associated 
pathogens, including C burnetii and ehrlichiae, in vitro [42, 60-63], however they are 
officially contra-indicated in pregnancy as they act through inhibition of nucleic acid 
formation [17] and as up to date clinical experience has been disappointing. Ciprofloxacin 
has been used in the UK for the treatment of a pregnant woman with C burnetii infection and 
allergy to erythromycin, without side effects for the newborn, but also without control of her 
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infection [36]. Three pregnant women treated with ciprofloxacin for O tsutsugamushi 
infection in India had unfavourable outcome with one abortion and two stillborns [26]. 

Co-trimoxazole. Rickettsiae are not susceptible in vitro to co-trimoxazole [42] and, more 
importantly, concerns have been raised that sulfonamides may increase the severity of R 
rickettsii, R conorii conorii, R typhi and E. chaffeensis infection. [64-67]. 

However, co-trimoxazole is very useful for the management of C. burnettii infection 
acquired in pregnancy. Co-trimoxazole until delivery followed by doxycycline and 
hydroxychloroquine thereafter has been suggested as the most successful therapeutic 
approach of pregnant patients with C. burnettii infection for favourable pregnancy outcome 
and prevention of chronicity [28, 29].The available information about rickettsioses 
management are summarised in Table 1. 

 
Table 1. Rickettsioses during pregnancy: available information for the management of 

mother and neonate 
 

Pathogen  
(Disease)  
 

Management of mother Management of neonate 

R conorii 
(Mediterranean 
spotted fever) 

Chloramphenicol 50-75 mg/kg/day qid 
po x 3 days after fever resolution [17] 
Erythromycin 500 mg tid or qid and 
rifampin 600 mg/day x 14 days [16] 
Josamycin 1 g tid x 5 days [16] 
Azithromycin x 1-5 days (dose not 
determined) [17] 
 

Transplacental transmission not 
confirmed, no preventive 
treatment required [16, 17] 
Breastfeeding avoided only 
when mother is on doxycycline 
or chloramphenicol 

R rickettsii  
(Rocky Mountain 
spotted fever) 

Chloramphenicol 50-75 mg/kg/day qid 
po x 3 days after fever resolution [8] 
A short course of doxycycline could be 
considered in life-threatening 
situations [10] 

Transplacental transmission not 
confirmed, no preventive 
treatment required [8] 
Breastfeeding avoided only 
when mother is on doxycycline 
or chloramphenicol  
 

R typhi  
(Murine typhus) 

Erythromycin 500 mg tid or qid x 7 
days [18, 19] 

Transplacental transmission not 
confirmed, no preventive 
treatment required [18, 19] 
 

O tsutsugamushi  
(Scrub typhus) 

Azithromycin 500 mg single dose [11] 
Chloramphenicol 50-75 mg/kg/day qid 
or minocycline 100 mg/day bid po x 1-
7 days depending on infection severity 
[24, 25,68] 

Transplacental transmission 
possible; doxycycline or 
chloramphenicol can be 
considered in symptomatic 
neonates [11, 27] 
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Table 1. (Continued) 
 

Pathogen  
(Disease)  
 

Management of mother Management of neonate 

C burnetii 
(Q fever) 

Trimethoprim-sulfamethoxazole 160 
mg/day TMP + 800 mg/day SMZ bid 
until delivery, and afterwards 
doxycycline 100 mg/day bid and 
hydroxychloroquine 600 mg/day 
(adjustment with blood levels) for a 
year [28, 29] 

Transplacental transmission 
possible; preventive treatment of 
neonate until perinatal infection 
is excluded 
Doxycycline or combination of 
ciprofloxacin with a macrolide 
can be considered [36] 
Avoid breastfeeding in 
confirmed cases 
 

A phagocytophilum 
(Human Granulocytic 
Anaplasmosis) 
 

Rifampin 600 mg/day [22] x 5-7 days
A short course of doxycycline can be 
considered if diagnosis uncertain or 
in life-threatening conditions [12] 

Perinatal infection possible; 
doxycycline can be considered in 
symptomatic neonates [20] 

Bid: in 2 daily doses; qid: in 4 daily doses; tid: in 3 daily doses; IV: intravenously; po: orally. 
 
 

Management of Neonate 
 
Antibiotics. Since rickettsiae seem not to be transmitted transplacentally, treatment of 

healthy infants born to mothers who acquired infections from pathogens of the genus 
Rickettsia during pregnancy is not recommended [8]. By contrast, transplancental passage of 
C burnetii and possibly O. tsutsugamushi, Ehrlichia and Anaplasma species may happen [20-
28]. In such cases prophylactic treatment of the newborn is warranted until infection is 
excluded. The combination of ciprofloxacin and erythromycin for two weeks has been used 
in a case of suspected perinatal C burnetii infection [36]. In the single reported case of 
perinatal A phagocytophilum infection, intravenous doxycycline for 5 days was used 
successfully [20]. In two cases of symptomatic neonatal O. tsutsugamushi infection treatment 
with doxycycline and chloramphenicol in each case has been tried [26, 27]. Healthy neonates 
born to mothers with O. tsutsugamushi infection have not been treated [11]. 

Breastfeeding. Transmission of infection through breast milk has only been confirmed 
for C. burnettii [34, 59] but has also been suspected in cases of neonatal A. phagocytophilum 
infection [20, 21]. Thus, mothers who acquired these particular infections during pregnancy 
should better be advised to forego breastfeeding, even if their treatment regimen does not 
include doxycycline. In all other cases of rickettsioses, breastfeeding is only discouraged for 
women on treatment with a tetracycline. 

A summary of available information about postnatal management of neonates is included 
in Table 1. 
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Prevention of Rickettsioses in Childhood and During Pregnancy 
 
Prevention is strongly recommended and includes avoidance of ticks and arthropod bites, 

protective clothing, application of repellents and inspection for tick or mite attachment and 
proper removal [37, 68]. The immune status of pregnant women against C. burnettii should 
be checked among populations of high risk for occupational exposure, such as abattoir 
workers, wool and hides handling workers and farmers and probably excluded if non-immune 
[59].  

Vaccines. No appropriate vaccines are available for rickettsial pathogens. The so-called 
Cox vaccine for R prowazekii appeared at the outset of Word War II but was halted in 1944 
because of limited efficacy and side-effects [69]. Acellular and whole-cell Q fever vaccines 
are available in Australia, the USA and some European countries, but are only recommended 
for non-immune high-risk adults after pre-vaccination screening. There is no information 
about the safety of these vaccines in pregnancy [59]. 

Prophylactic antibiotics. The possibility of acquiring a rickettsial infection after a tick 
bite is small, given the low prevalence of infected ticks, and the low affinity of ticks for 
humans [37]. In addition, asymptomatic individuals with recent tick bites seem not to benefit 
from prophylaxis. A single dose of azithromycin, however, seems to protect adults with 
history of tick-bite against R conorii conorii [70, 71], as in a randomised clinical trial no 
patient in the azithromycin group developed infection, which was developed in 10% of 
patients without azithromycin. This measure seems simple and safe and might be considered 
for children and pregnant women. A case of an obstetrician who acquired C burnetii 
pneumonia from infected placenta suggests that protection of exposed personnel should be 
considered [72]. Safe disposal of contaminated material, use of high-efficiency particulate 
air-filter respirators, and probably prophylaxis with doxycycline are recommended for 
professionals involved in confirmed or highly suspected C. burnettii infection cases [36]. 

Conclusions. Infections caused by Rickettsiae and related pathogens are prevalent 
worldwide and new agents are continuously emerging. Morbidity is underestimated as 
clinical presentations are non-specific and laboratory diagnosis is retrospective. The 
management of these infections during pregnancy remains challenging and controversial and 
should be carefully considered on case-by-case basis, in a multidisciplinary approach 
involving laboratory, epidemiology and infectious diseases specialists. Until further 
investigation elucidates the natural course of these infections in pregnancy and the relevant 
efficacy and safety issues, prevention, principally by avoiding ticks and contact to infected 
animals and their products is of paramount importance. 
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Abstract 
 

The objective of our studies was to estimate the association between maternal 
glomerulonephritis / urinary tract infections (UTI) during pregnancy and structural birth 
defects, i.e. congenital abnormalities or adverse pregnancy outcome. The prevalence of 
these maternal diseases during the first trimester of pregnancy in cases with different 
congenital abnormalities was compared to that of matched controls without congenital 
abnormalities in the population-based Hungarian Case-Control Surveillance System of 
Congenital Abnormalities. Of 22,843 cases with congenital abnormalities, 309 (1.35%) 
had mothers with glomerulonephritis during pregnancy, compared to 479 (1.26%) of 
38,151 controls (adjusted POR with 95% CI = 1.0, 0.9-1.2). Specified groups of 
congenital abnormalities were also assessed versus controls. Cases with isolated 
intestinal atresia/stenosis (adjusted POR with 95% CI: 6.8, 1.3-37.4) based on five cases 
were more likely to have mothers with prospectively and medically recorded 
glomerulonephritis. A total of 1542 (6.75%) mothers in the case group had UTI during 
the entire pregnancy compared with 2188 (5.74%) mothers in the control group (adjusted 
prevalence odds ratios [POR] with 95% CI: 1.15, 1.06-1.24). We did not find a higher 
prevalence of UTI during the second and/or third months of pregnancy in total case 
group (adjusted POR with 95% CI: 1.1, 0.9-1.2) and in any group of CAs including atrial 
septal defect type II. In conclusion a higher rate of congenital isolated intestinal 
atresia/stenosis may be associated with maternal glomerulonephritis. However, this 
finding is considered only as signal and further studies are needed to confirm or reject 
this possible association. Maternal urinary tract infections during pregnancy increase pre-
eclampsia and polyhydramnios, and in addition the rate of preterm birth; however, the 
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latter is preventable by appropriate drug treatments. No evidence was found for the 
teratogenic effect of maternal UTI and related drug treatments during early pregnancy. 
 
 

Introduction 
 
Infectious diseases of the urinary tract frequently complicate pregnancy. One the one 

hand there are striking alterations in renal structure, tubular function and volume homeostasis 
in pregnancy due to the hemodynamic and hormonal changes. On the other hand the growing 
uterus of pregnant women has a direct effect on the urinary tract. Finally the neighborhood of 
urethra and vagina can explain the common occurrence of urogenital infections. 

Only the structural changes of the urinary tract will be summarized here [1]. Kidney 
length increases by 1 cm while kidney volume increases by 30% during pregnancy. These 
changes in the size and weight of kidneys are caused by an increase in renal vascular and 
interstitial volume. However, there is a more drastic change in the urinary collection system, 
because caliceal and ureteral dilation occurs at about 85% of pregnant women. This caliceal 
dilation is 3 times (15 mm vs. 5 mm) more pronounced on the right side due to dextrorotation 
of the gravid uterus and the location of the right ovarian vein that crosses the ureter. Thus the 
physiological hydronephrosis and hydroureter is explained by the compression of the ureters 
due to enlarging uterus and ovarian vein plexus. The ureteral tone also increases 
progressively as a result of mechanical obstruction though ureteral peristalsis is not changing 
in pregnant women. 

The above described dilation of the urinary collecting system and urinary stasis are 
important factors in the increases of ascending urinary tract infections. 

Our first aim of to analyze the association between urinary tract infections in pregnant 
women and other pregnancy complications and adverse pregnancy/birth outcomes, mainly 
preterm birth and structural birth defects, congenital abnormalities, the two major factors of 
infant mortality and handicaps. This review is based mainly on the data set of the Hungarian 
Case-Control Surveillance of Congenital Abnormalities (HCCSCA) completed with the more 
important results of others studies [2].  

 
 

Hungarian Case-Control Surveillance of 
Congenital Abnormalities 

 
The HCCSCA was established in 1980 and at present it is the largest population-based 

data set of cases with different CAs and their matched controls in the world. 
Cases with congenital abnormality (CA) were identified from the Hungarian Congenital 

Abnormality Registry (HCAR) [3] for the HCCSCA. Notification of cases with CAs to the 
HCAR is mandatory for physicians, and most of them are reported by obstetricians (in 
Hungary practically all deliveries occur in inpatient obstetric clinics, and the birth attendants 
are obstetricians) and pediatricians (who work in the neonatal units of inpatient obstetric 
clinics, in addition in various inpatient and outpatient pediatric clinics). Autopsy during the 
study period was obligatory for all infant deaths, and usually also performed in stillborn 
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fetuses. Pathologists sent a copy of the autopsy report to the HCAR if defects were found in 
stillborn fetuses or dead infants. Fetal defects diagnosed in antenatal diagnostic centers with 
or without termination of pregnancy have been included in the HCAR since 1984. Cases with 
isolated minor anomalies such as hydrocele, sacral dimp and epicanthal folds were recorded 
but not evaluated at the calculation of rate of different CAs in the HCAR. The recorded total 
(birth + fetal) prevalence of cases with CA diagnosed from the second trimester of pregnancy 
to the end of the first postnatal year was 35 per 1000 informative offspring (liveborn infants, 
stillborn fetuses and electively terminated malformed fetuses), and about 90% of major CAs 
were reported to the HCAR during the study period.  

Thus both birth weight and gestational age at delivery were medically documented in the 
discharge summary of mothers after delivery. Gestational age was calculated from the first 
day of the last menstrual period.  

The definition of preterm birth was less than 37 completed weeks (less than 259 days), 
while the definition of low birth weight newborns was less than 2,500 gram.  

At the evaluation of cases with CA, the so-called isolated CAs (e.g. cleft lip) and 
multiple-syndromic CAs (e.g. cleft lip with cardiovascular CAs and hypospadias) are 
differentiated because their severity and etiology differ significantly. 25 groups of isolated 
CAs are classified according to well-defined diagnostic criteria. Multiple CAs are classified 
as CA-syndromes and CA-association while the group of unclassified multiple CAs includes 
unidentified (though previously delineated) and undelineated CA-syndromes and CA-
association, in addition random combinations of CAs. 

Different CAs have different critical periods [4]. Previously the critical period of CAs 
was considered during the first 3 months of gestation, i.e. in the first trimester. However, 
gestational time is calculated from the first day of the last menstrual period and it is worth 
differentiating three time windows: (i) First month of gestation because it is before the 
organogenesis. The first two weeks are before conception while the third and fourth weeks 
comprise the pre- and implantation period of zygotes and blastocysts including omnipotent 
stem cells. Thus CAs cannot be induced by environmental agents in the first month of 
gestation and it explains the “all-or-nothing effect” rule, i.e. total loss or normal further 
development. (ii) The most sensitive, the so-called critical period for CAs. (iii) The 
“postcritical period” of CAs, i.e. pregnancy after the organ-forming period.  

These facts explain why the previous use of first trimester concept is misleading, thus 
outdated [5]. The critical period of most major CAs occurs in the second and third gestational 
months; we used therefore this time window as the critical period of CAs in our population-
based case-control studies [6-8]. However, it is well-known that human teratogens can induce 
CAs after the third gestational month, i.e. after the first trimester (e.g. cleft palate, 
hypospadias, undescended testis). This methodological problem encourages us to introduce a 
new critical time approach based on the specified critical periods of different CAs separately, 
and our previous study showed that this is feasible [4], but we have to wait for the 
international consensus [9]. 

There were three selection criteria of cases with CAs from the HCAR for the HCCSCA: 
(i) Cases with three mild CAs: congenital dysplasia of the hip based on the Ortolani click, 
congenital inguinal hernia, large hemangiomas, and (ii) CA-syndromes of Mendelian or 
chromosomal origin (i.e. due to preconceptional causes) were excluded from the data set of 
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the HCCSCA. (iii) In addition only cases with CAs reported to the HCAR in the first three 
months after birth or pregnancy termination were selected for the HCCSCA. This shorter 
time between the end of pregnancy and data collection increases the accuracy of information 
regarding pregnancy history without undue loss of power, since 77% of cases were reported 
to the HCAR within this time window. 

Controls without CA were selected from the National Birth Registry for the HCCSCA. In 
general two or three controls were matched to each case on the basis of three criteria: (i) same 
sex, (ii) same birth week and (iii) same district of parents’ residence. 

In addition, a malformed control group including cases with Down syndrome caused by 
non-disjunction before conception was also selected from the HCAR to estimate better the 
recall bias.  

Three sources of information were used to obtain exposure data from the mothers of 
cases, controls and malformed controls: 

 
(i) Prospective medically recorded data. The mothers were asked to send us prenatal 

care logbook and all other medical records (mainly discharge summaries). Prenatal 
care was mandatory for pregnant women in Hungary (if somebody did not visit 
prenatal care clinic, she did not receive a maternity grant and leave), thus nearly 
100% of pregnant women visited prenatal care clinics, an average 7 times in their 
pregnancies. The task of obstetricians in the prenatal care is to record all pregnancy 
complications, maternal diseases and related drug prescriptions in the prenatal care 
logbook. 

(ii) Retrospective maternal self-reported information. A structured questionnaire, a list 
of maternal diseases and drugs as memory aid and informed consent were mailed to 
the mothers immediately the selection of case, controls and malformed controls. 
Mother were asked to read the enclosed list of maternal diseases and drugs in order 
to refresh their memory, after this to complete the structured questionnaire, and to 
send them back with signed informed consent in our prepaid envelop. 

 
The period between the birth or pregnancy termination and return of information package 

including questionnaire, antenatal logbook, etc. in our prepaid envelope was 3.5 + 1.2 and 5.2 
+ 2.9 months in cases and controls, respectively.  

 
(iii) Supplementary information from non-respondent mothers. Regional nurses were 

asked to visit all non-respondent case and malformed control mothers, in addition 
200 control mothers and to help mother fill-in the same questionnaire, to evaluate 
available medical records and to obtain lifestyle data through a personal interview 
[10]. Unfortunately the Ethics Committee did not allow visiting all non-respondent 
control mothers because – according to their opinion – this visit might disturb these 
families. 

 
Overall, the necessary information was available in 96.3% (84.4% from reply, 11.9% 

from visit) of cases and in 83.0% (82.6% from reply, 0.4% from visit) of controls. The 
antenatal logbooks were available in 88.4% of cases and in 91.8% of controls. Informed 
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consent was signed and returned by 98% of case mothers. The name and address were not 
recorded in the rest of cases and controls of the HCCSCA.  

Most chronic diseases were prospectively and medically recorded mainly in antenatal 
logbooks. The proportion of medically recorded acute diseases depended on the severity of 
diseases.  

At the evaluation of pregnancy complications and birth outcomes, thus among others, 
preterm birth we used only controls in the data set of the HCCSCA. Cases with CA were 
excluded because CAs may have a more drastic effect for the incidence of pregnancy 
complications and birth outcomes (e.g. rate of preterm birth) than the maternal diseases 
studied. 

The evaluation of possible association of maternal diseases with the higher risk for 
different CAs was based on the comparison of cases with CA and their matched controls 
without CA in the data set of the HCCSCA. The diagnosis of CAs is based on the report of 
medical doctors in the Hungarian Congenital Abnormality Registry, in addition the quality of 
CA-diagnosis is improved and specified better due to the results of recent medical 
examination in the HCCSCA. CAs are evaluated in the so-called informative offspring: live-
born babies, stillborn fetuses and electively terminated pregnancies in the second and/or 
trimester after the prenatal diagnosis of fetal defect. 

Among confounders the possible folic acid and/or multivitamin supplementation in the 
periconceptional period or in early pregnancy have some preventive effect of some CA, thus 
we have to consider this recently recognized effect as well [11-15]. 

We have to consider recall bias at the comparison of cases and controls. The birth of an 
infant with CA is a serious traumatic event for most mothers who therefore try to find a 
causal explanation such as diseases or drug uses during pregnancy for CA of their babies. 
This does not occur after the birth of a healthy newborn infant. Thus recall bias might inflate 
an increased risk for CAs. Our previous analysis showed that a case-control surveillance of 
this type may cause a spurious association between drugs and CAs with biased risk (odds 
ratio) up to a factor of 1.9 [16]. There are three possibilities to restrict or exclude recall bias. 
(i) The evaluation of exposures only during the critical period of CAs because we expect an 
underreporting of exposure in both the critical and non-critical periods of CAs in the control 
group. (ii) The use of prospectively and medically recorded data as a gold standard. (iii) 
Comparison between cases with CA and malformed control (cases affected with Dow 
syndrome caused by numerical chromosomal aberration in the preconceptional period) 
because the mother of malformed controls have similar recall. 

The strengths of the HCCSCA is the large and population-based data set from an 
ethnically homogeneous European (Caucasian) population, most maternal diseases and 
related drug treatment are prospectively and medically recorded, potential confounders are 
known, finally there is a good validity of CA diagnoses due to the medically reported CAs to 
the HCAR, the critical evaluation of the reported CA-diagnoses in the HCAR and the 
postnatal medical examinations in the HCCSCA.  

Here we evaluate the data set of the HCCSCA, 1980-1996 because after 1996 the 
collection of data has been changed (all mothers are visited at home by regional nurses) but 
the data have not been validated. Thus our previous publications were based on the data set 
of 17 years between 1980 and 1986. 
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Diseases of the Urinary System 
 
At the evaluation of urinary system diseases we followed the International Classification 

of Diseases (ICD) published by WHO. 
Table 1 shows the main category of urinary tract’s diseases followed by number and 

percentage rate of urinary tract’s diseases in the data set of the HCCSCA including the 
mothers of 22,843 cases and 38,151 controls (the data of 834 malformed controls are not 
shown here). 

Non infectious diseases of the urinary tract are excluded from this analysis. 
 

Table l. The name of urinary tract’s diseases in the ICD, in addition number and rate 
(%) of these diseases in the case and control groups in the data set of the HCCSCA 
 
Diseases of the urinary tract Case group 

No. % 
Control group 
No. % 

Acute/chronic glomerulonephritis/nephritis  309 1.35 479 1.26 
Nephrotic syndrome  0  0  
Nephropathy, not specified as acute or chronic 0  0  
Acute/chronic/unspecified renal failure 0  0  
Renal sclerosis, unspecified 0  0  
Disorders resulting from impaired function 0  0  
Small kidney of unknown causes 0  0  
Infections of kidney incl. acute pyelonephritis  143 0.63 243 0.64 
Hydronephrosis 0  0  
Calculus of kidney and ureter  63 0.30 147 0.39 
Other disorders of kidney and ureter (nephroptosis)  1 0.0 0  
Cystitis  149    
Other disorders of bladder 0  0  
Urethritis, not sexually transmitted 0  0  
Urethral stricture 0  0  
Others (vesicoureteric reflux)  0  2 0.01 
Asymptomatic true bacteriuria  1,250 5.47 1,767 4.63 
 
 

Urinary Tract Infections and Congenital 
Abnormalities 

 
The urinary tract represents one of the most common sites of bacterial infections, 

particularly in women [17-19]. According to epidemiological studies, 10-15% of the adult 
female population are affected with urinary tract infection (UTI) at some time during their 
lives [19]. UTI is one of the most frequently seen complications in pregnant women because 
pregnancy is considered as a risk factor for UTI [20]. Several previously mentioned changes 
in the urinary tract predispose to infection during pregnancy mainly from the third month of 
gestation particularly in primiparae [1]. The above described changes allow bacteria, mainly 
Escherichia coli, in addition Enterobacter, Klebsiella, Pseudomonas and Proteus in the 
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bladder to ascend to the upper tract. Bacteriuria occuring in about 5% of pregnant women, 
usually appears during the first trimester and predisposes to the development of acute 
pyelonephritis, associated with low birth weight and preterm birth [21], though previously 
published results on UTI and preterm birth/delivery require cautious interpretation due to the 
statistical methodological problems [22].  

No association between UTI and CAs has not been found/published previously [23]. 
However, as an exception to a rule, Wilson et al. [24] reported in 1998 that UTI was an 
attributable risk factor (6.4%) in the origin of atrial septal defect. 

We therefore decided to check the relative risk of CAs in the offspring of mothers 
affected with UTI and related drug treatments during pregnancy in the population-based large 
data set of the HCCSCA. 

 
 

Methods 
 
Maternal disorders including UTI were evaluated according to the source of information, 

the severity, time and duration of maternal diseases during pregnancy. Route (oral, 
parenteral, topical), dose, and duration of treatments were considered at the evaluation of 
drug administration. 

Three diagnoses of UTI were accepted for evaluation: 
 
(i) Urinary tract infection based on the so-called significant or true bacteriuria (i.e. 

more than 105 bacteria per ml) diagnosed by quantitative bacterial culture of fresh 
midstream urine collected after cleaning the urethral region [25-28]. There are two 
forms of true bacteriuria: (I) Symptomatic UTI and (II) asymptomatic or covert 
bacteriuria, i.e. without the symptoms of UTI. This laboratory investigation was 
performed in most pregnant women with any symptoms of genital infections mainly 
fluor, vaginosis, vulvovaginitis, etc. at the visits of antenatal care.  

(ii) Acute cystitis, or lower UTI : The inflammation of the bladder produces typical 
symptoms such as dysuria, urgency, and frequency with or without suprapubic 
tenderness.  

(iii) Acute pyelonephritis, or upper UTI. Formerly it was called pyelitis of pregnancy, 
however, the parenchyma of the kidney is also involved, so now the term 
pyelonephritis is used [25]. The typical symptoms include fever and flank 
tenderness/pain with or without accompanying symptoms of cystitis.  

 
Pregnant women with UTI, including true bacteriuria were treated by antimicrobial drugs 

[25].  
The above described three forms of UTI were evaluated in the study if UTI were 

diagnosed during the study pregnancy. If UTI occurred before the conception of the study 
pregnancy or the diagnosis was chronic cystitis or pyelonephritis, pregnant women were 
excluded from this analysis. Of course, pregnant women with other diseases of the urinary 
tract, such as glomerulonephritis, nephritis, calculus of kidney/ureter, vesicoureteric reflux, 
etc. were also excluded from the study.  
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Results 
 
Of 22,843 cases with CA, 1,542 (6.75%). pregnant women were affected with UTI 

during pregnancy. During the study period, 2,146,574 total births were recorded in Hungary, 
so 38,151 controls without CAs represented 1.8% of the births and among them 2,188 
(5.74%) had mothers with UTI (crude OR with 95% CI = 1.2, 1.1-1.3). The crude OR with 
95% CI for the analysis of UTI only in the 2nd and/or 3rd months of pregnancy was 1.2 (1.0-
1.4). These UTI rates were calculated on the basis of both medically recorded and maternal 
self-reported information. 

The distribution of different manifestations of UTI is shown in Table 2. The group of 
mothers with true bacteriuria had a predominance. 

 
Table 2. Prevalence and distribution of different manifestations/diagnoses of urinary 

tract infections during the study pregnancy 
 
Different groups of  
urinary tract infections 

Case group Prevalence 
 

Control group Prevalence 

 No. % % No. % % 
True bacteriuria with 
symptoms of genital 
infections 

1,250 81.1 5.47 1,767 80.8 4.63 

Acute cystitis 149 9.7 0.65 178 8.1 0.47 
Acute pyelonephritis 143 9.3 0.63 243 11.1 0.64 
Total 1,542 100.0 6.75 2,188 100.0 5.74 
 
Of 1,542 case mothers, 1,277 (82.8%) and of 2,188 control mothers, 1,969 (90.0%) had 

medically recorded UTI in the prenatal care logbooks and/or discharge summaries. Of 3,023 
non-respondent case mothers evaluated after the home visit, 181 (6.0%) had UTI during the 
study pregnancy and only 12 reported high fever (over 38.5 Celsius degree) due to UTI. Of 
these 12 pregnant women, 8 had acute pyelonephritis. 

The occurrence of UTI according to gestational months depended on the type of UTI. 
Most true bacteriurias were diagnosed at the first prenatal visit. Most pregnant women with 
acute cystitis and pyelonephritis were recorded in the third-fourth and seventh gestational 
month, respectively. However, there was no significant difference in the onset of UTI by the 
gestational months between the case and control groups.  

Basic characteristics of case and control mothers with UTI, in addition case and control 
mothers without UTI as referent are shown in Table 3. The mean maternal age and mean birth 
order was somewhat lower in pregnant women with UTI than in pregnant women without 
UTI due to the higher proportion of young and primiparae. The proportion of unmarried 
women and the distribution of employment status did not show obvious differences between 
pregnant women with or without UTI. On the other hand, the mean birth order was higher, 
the proportion of unmarried women was larger while the proportion of professional, 
managerial and skilled workers were smaller in case mothers with UTI compared to the 
control mothers with UTI.  
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Table 3. Characteristics of pregnant women with urinary tract infections (UTI) and 
without UTI 

 
Variables Case mothers Control mothers Comparison 
 Without UTI 

(N = 21,301) 
With UTI 
(N = 1,542) 

Without UTI 
(N = 35,963) 

With UTI 
(N = 2,188) 

Between case and 
control mothers  
with UTI 

Quantitative No. % No. % No. % No. %   
Maternal 
age (yr) 

          

24 or less 10,076 47.3 869 56.3 16,775 46.6 1,219 55.7   
25 – 29 6,726 31.6 428 27.8 12,250 34.1 635 29.0 χ2

2 = 0.8 p = 0.67 
30 or more 4,499 21.1 245 15.9 6,938 19.3 334 15.3   
Mean ± S.D. 25.5±5.3 24.4±5.1 25.5±4.9 24.6±4.9 t = 1.0 p = 0.32 
Birth order           
1 9,853 46.3 855 55.4 16,951 47.1 1,258 57.5 
2 or more 11,448 53.7 687 44.6 19,012 52.9 930 42.5 

χ2
1 = 1.5 p = 0.21 

Mean ± S.D. 1.9±1.1 1.7±1.1 1.7±0.9 1.6±0.9 t = 3.8  p = 0.0002
Categorical           
Unmarried 1,179 5.5 90 5.8 1,401 3.9 70 3.2 χ2

1 = 15.3  p < 0.0001
Employment 
status 

          

Professional 1,793 8.4 108 7.0 4,145 11.5 208 9.5   
Managerial 4,647 21.8 321 20.8 9,598 26.7 536 24.5   
Skilled 
worker 

5,899 27.7 430 27.9 10,978 30.5 712 32.5   

Semiskilled 
worker 

3,585 16.8 284 18.4 5,423 15.1 360 16.5 χ2
6 = 56.2  p < 0.0001

Unskilled 
worker 

1,377 6.5 126 8.2 1,738 4.8 121 5.5   

Housewife 1,965 9.2 163 10.6 1,900 5.3 138 6.3   
Others 2,035 9.5 110 7.1 2,181 6.1 113 5.2   

 
Among case and control mothers with UTI, 469 (35.3%) and 537 (29.2%) had no other 

diseases during the study pregnancy, respectively. The prevalence of other acute and chronic 
maternal diseases was similar between case and control mothers with UTI with extremely 
high proportion (over 90%) of mild infectious diseases of genital organs (vulvoivaginitis, 
vaginosis, etc.). However, the prevalence of kidney stones (0.27% vs. 0.75%, OR with 95% 
CI: 2.8, 1.9-4.2) occurred more frequently in the combined case + control pregnant women 
with UTI than in pregnant women without UTI.  

Among frequently used drugs, urinary tract antiseptics (nitrofurantoin, nalidixic acid), 
antimicrobial drugs (ampicillin,, cefalexin, sulfamethoxazole + trimethoprim) and drugs for 
genital infectious diseases (clotrimazole, metronidazole) showed a higher frequency in case 
and control mothers with UTI compared with pregnant women without UTI. However, the 
use of these three drugs did not show significant difference between case and control mothers 
with UTI in the second and/or third gestational months.  

The use of folic acid supplementation was somewhat lower in case mothers (49.0%) than 
control mothers (53.6%) with UTI (OR with 95% CI: 0.8, 0.7-0.9). A similar pattern was 
found at the use of folic acid during the periconceptional period (i.e. first and second 
gestational month). 
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Cases with different CA-groups were compared with their matched controls according to 
the prevalence of UTI during the second and/or third months of pregnancy, i.e. in the critical 
period of most major CAs (Table 4). There was no CA group with a higher occurrence of 
UTI in pregnant women. This finding was confirmed at the evaluation of only medically 
recorded UTI cases as well (data not shown). 

 
Table 4. Matched analysis to estimate the association between maternal urinary tract 

infections during the second and/or third months of pregnancy and congenital 
abnormalities 

 
Study groups Grand total Second and/or third months of gestation 
 N N % Crude OR(95%CI) Adjusted 

OR(95%CI)* 
Isolated CAs      
Neural-tube defects  1,202 24 2.0 1.2 (0.5 - 3.1) 1.1 (0.4 - 3.0) 
Cleft lip± palate  1,374 31 2.3 1.7 (0.8 - 3.9) 1.7 (0.7 - 4.3) 
Cleft palate only 582 10 1.7 0.9 (0.3 - 3.1) 0.5 (0.1 - 2.3) 
Esophageal atresia/stenosis  217 2 0.9 0.6 (0.1 - 7.7) 0.5 (0.0 - 8.3) 
Congenital pyloric stenosis 241 4 1.7 1.8 (0.2 - 19.8)  2.4 (0.1 - 39.5) 
Intestinal atresia/stenosis 153 2 1.3 0.5 (0.0 - 6.7) 0.8 (0.0 - 14.4) 
Rectal/anal atresia/stenosis 220 6 2.7 1.9 (0.3 - 12.9) 1.8 (0.2 - 16.9) 
Renal a/dysgenesis 104 1 1.0 0.9 (0.0 - 42.3)  0.8 (0.0 - 58.7) 
Obstructive urinary CAs 271 7 2.6 2.5 (0.3 - 18.1)  3.4 (0.4 - 33.6) 
Hypospadias  3,038 48 1.6 1.2 (0.6 - 2.1) 1.2 (0.6 - 2.3) 
Undescended testis  2,051 25 1.2 0.7 (0.3 - 1.6) 0.6 (0.3 - 1.5) 
Exomphalos/gastroschisis 238 6 2.5 1.6 (0.3 - 9.7) 1.0 (0.1 - 8.4) 
Microcephaly, primary 109 3 2.8 7.2 (0.2 - 270.9) 2.9 (0.1 - 142.9) 
Congenital hydrocephaly 314 6 1.9 2.9 (0.3 - 27.7) 3.0 (0.2 - 39.1) 
Eye CAs 99 1 1.0 0.3 (0.0 - 10.4) 0.2 (0.0 - 39.6) 
Ear CAs 354 2 0.6 0.5 (0.0 - 5.9) 0.4 (0.0 - 5.9) 
Cardiovascular CAs  4,479 61 1.4 1.1 (0.6 - 1.8) 0.9 (0.5 - 1.6) 
CAs of genital organs  123 1 0.8  0.9 (0.0 - 42.3) 0.7 (0.0 - 52.5) 
Clubfoot  2,424 39 1.6 1.1 (0.6 - 2.1) 0.9 (0.4 - 1.9) 
Limb deficiencies 548 11 2.0 2.8 (0.6 - 12.8) 2.5 (0.5 - 13.8) 
Poly/syndactyly 1,744 31 1.8 1.5 (0.7 - 3.3) 1.2 (0.5 - 2.9) 
CAs of skeletal system 211 1 0.5 0.5 (0.0 - 18.7) 0.4 (0.0 - 15.5) 
Diaphragmatic CAs 243 5 2.1 2.3 (0.3 - 18.5) 2.8 (0.2 - 38.5) 
Other isolated CAs  1,155 15 1.3 1.2 (0.4 - 3.6) 1.1 (0.3 - 3.4) 
Multiple CAs  1,349 21 1.6 1.2 (0.5 - 2.8) 1.2 (0.4 - 3.2) 
Total cases 22,843 363 1.6 1.2 (1.0 - 1.4) 1.1 (0.9 - 1.2) 
Total controls 38,151 514 1.4 - 

* Matched OR adjusted for maternal employment status and use of drugs for the treatment of UTI in the 
second and/or third months of pregnancy in conditional logistis regression model. 
 
We compared the expected number of different subgroups of cardiovascular CAs based 

on the data set of the HCCSCA and observed number of cases with different cardiovascular 
CAs in the newborn infants born to mothers with UTI during the second and/or third month 
of gestation; however, we did not find any difference. 
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Finally, the different manifestations of UTI were evaluated separately with the possible 
association with CAs, however, there was no severity dependant effect of UTI.  

 
 

Urinary Tract Infections in Pregnant Women and 
Pregnancy Complications, in Addition 

Pregnancy/Birth Outcomes 
 
Previously an association between urinary tract infections (UTI) including significant 

bacteriuria and preterm birth/low birthweight was shown in several studies [21, 28, 19]. On 
the other hand kidney diseases in pregnant women are frequently associated with pregnancy 
complications [25]. 

The control data set (i.e. newborn infants without congenital abnormalities) of the 
Hungarian Case-Control Surveillance of Congenital Abnormalities (HCCSCA) [2] is 
appropriate to check the possible effect of UTI during pregnancy on pregnancy complications 
and birth outcomes particularly gestational age and birth weight, in addition preterm birth and 
low birthweight in the mirror of recent medical treatments of UTI. 

 
 

Methods 
 
Newborn infants without congenital abnormalities were selected from the National Birth 

Registry of the Central Statistical Office for the HCCSCA. These newborns were controls of 
cases with congenital abnormality who were identified from the Hungarian Congenital 
Abnormality Registry [3] for the HCCSCA. In general, two controls were matching 
individually to each case according to sex, week of birth and district of parents' residence of 
cases. If selected newborn controls were twins, only one of them was randomly included to 
the data set of the HCCSCA. 

Immediately after the selection of newborns a letter was sent to the mothers explaining 
the purpose of the HCCSCA, the benefit of this public health activity for them and in general 
for the prevention of birth defects. Mothers were asked to send us their prenatal care logbook 
and every other medical record regarding their diseases and pregnancy complications during 
the study pregnancy for three weeks. In addition together with the above letter, a structured 
questionnaire with a list of medicines (drugs and pregnancy supplements) and diseases was 
also mailed to the mothers. The questionnaire requested information on, among other things, 
maternal personal (e.g. employment status) and medical (e.g. history of previous pregnancies) 
data, pregnancy complications, maternal diseases and medicine intakes during the study 
pregnancy according to gestational month. In order to standardize the answers, mothers were 
asked to read the enclosed lists of medicinal products and diseases (e.g. UTI) as a memory 
aid before they replied. 

Thus exposure and other data regarding mothers were obtained prospectively through 
prenatal care logbooks and other medical records, and retrospectively by the questionnaire 
completed by mothers as previously described. If pregnant women showed the symptoms of 
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genital infections (fluor, vaginosis, vaginitis without the symptoms of UTI such as dysuria, 
urgency and frequency with or without suprapubic tenderness, a quantitative bacterial culture 
was performed in the so-called fresh midstream urine collected after the cleaning of urethral 
region to estimate the types and number of bacteria and to diagnose the so-called true 
bacteriuria (more than 105 bacteria per one ml) or other types of UTI. If pregnant women 
complained on the symptoms of UTI, or diagnosed at the examination in the prenatal care 
clinics, UTI were differentiated into three groups: acute cystitis, cystopyelitis and 
pyelonephritis. All pregnant women who had UTI before the study pregnancy but they had no 
symptoms of UTI during the study pregnancy were excluded. 

Pregnancy complications were recorded in the prenatal care logbook. Both birth weight 
and gestational age were medically recorded in the discharge summary of mothers connected 
with their delivery. Gestational age was calculated from the first day of the last menstrual 
period. The definition of preterm birth was less than 37 completed weeks (less than 259 
days), while of low birth weight (less than 2500 g). 

The interval between the end of pregnancy and return of the “information package” 
including prenatal logbook, questionnaire, etc. was 5.2 + 2.9 months. In addition, 200 non-
respondent mothers were visited and questioned at home [10] as part of a validation study. 
The main objective of the validation study was to check the exposure (drugs, diseases, etc.) 
data of non-respondent mothers in a home visit. There was no difference in the distribution 
and occurrence of frequently used drugs and diseases (e.g. UTI) between respondent and non-
respondent mothers. Finally, the necessary information was obtained on 83.0% of mothers 
(82.6% from reply, 0.4% from visit). Prenatal care logbook was available in 93.8% of these 
mothers. 

 
 

Results 
 
The number of births was 2,146,574 during the study period. Thus 38,151 births in our 

study group represented 1.8% of Hungarian births during the study period. Of the 38,151 
newborn infants, 2,188 (5.7%) had mothers with UTI during the study pregnancy and these 
pregnant women were differentiated into four groups: (i) true bacteriuria (N: 1,767) with 
symptoms of genital infections but without the symptoms of UTI. The main purpose of “true 
bacteriuria” examination was the identification and quantification of bacteria, mainly E.coli, 
Enterobacter, Klebsiella, Pseudomonas and Proteus agents in the urine in order to give 
appropriate treatment. (ii) Acute cystitis (N: 178), the diagnosis was based on the symptoms 
of inflammation of bladder such as dysuria, urgency and frequency with or without 
suprapubic tenderness. (iii-iv) Acute cystopyelitis (N: 171) and acute pyelonephritis (N: 72) 
based on the typical symptoms such as flank tenderness with or without symptoms of cystitis 
and fever. Several pregnant women showed a progression in the above groups of UTI, the 
most severe diagnosis was accepted at the evaluation. 

Of 2,188 mothers, 1,969 (90.0%) had prospectively and medically recorded UTI in 
prenatal care logbooks and about 95% of these UTI were reported by mothers as well. Finally 
we evaluated medically recorded and maternal reported UTI together. 
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The basic characteristics of mothers with and without UTI (as referent) were shown 
previously in Table 3. Mother with UTI was younger with lower mean birth order due to the 
higher proportion of young (24 years or less) and primiparae. There was no obvious 
difference in the proportion of unmarried mothers between the two study groups. Maternal 
employment status showed some differences between mothers with or without UTI, because 
UTI were less frequent among professionals and managerials, while more frequent in other 
groups (except “others”). In Hungary most housewives belong to the lower socioeconomic 
class. 

In general true bacteriuria was diagnosed after the first visit in the prenatal care, while 
acute cystopyelitis and acute pyelonephritis were diagnosed most frequently in the fourth and 
seventh gestational month, respectively. Of 2,188 pregnant women with UTI, 537 (29.2%) 
had no other diseases during the study pregnancy. The occurrences of other acute infectious 
maternal diseases are shown in Table 5. 

 
Table 5. Other acute and chronic diseases in pregnant women with or without urinary 

tract infections (UTI) 
 

Maternal diseases Pregnant women Comparison 
 without UTI 

(N = 35,963) 
with UTI 
(N = 2,188) 

 

 No. % No. % OR 95% CI 
Acute        
Influenza - common cold 6,651 18.5 410 18.7 1.0 0.9 - 1.1 
Respiratory system 3,250 9.0 205 9.4 1.0 0.9 - 1.2 
Digestive system 868 2.4 71 3.2 1.4 1.1 - 1.7 
Urinary tract 113 0.3 20 0.9 2.9 1.8 - 4.7 
Genital organs* 2,680 7.5 211 9.6 1.3 1.1 - 1.5 
Others 488 1.4 24 1.1 0.8 0.5 - 1.2 
Chronic       
Diabetes mellitus 44 0.1 8 0.4 2.4 1.3 - 4.4 
Epilepsy 74 0.2 3 0.1 0.7 0.2 - 2.1 
Others 5,603 15.6 334 15.3 1.0 0.9 - 1.1 

* Without fluor, vaginosis and vulvovaginitis because these patients were included into the group of 
significant bacteriuria. 
 
Threw acute diseases showed some difference between mothers with or without UTI. A 

higher occurrence of urinary tract particularly kidney stones, acute infections of digestive 
system and genital organs (without fluor, vaginosis and vulvovaginitis) was found in mothers 
with UTI. Among chronic maternal diseases insulin dependent diabetes mellitus was more 
frequent in mothers with UTI. 

One of the main objectives of the study was the evaluation of pregnancy complications in 
pregnant women with UTI (Table 6). Three pregnancy complications: polyhydramnios, pre-
eclampsia and anemia were more frequent in mothers with UTI than in mothers without UTI. 

The most frequently used drugs were also evaluated. Obviously among antimicrobial 
drugs (ampicillin, cefalexin, cotrimoxazole), the so-called urinary tract antiseptics such as 
nitrofurantoin and nalidixic acid had a much more frequent use in mothers with UTI than in 
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pregnant women without UTI. Pregnancy supplements including folic acid and multivitamins 
did not show an obvious difference between mothers with or without UTI. 

 
Table 6. Prevalence of pregnancy complications in pregnant women with or without 

UTI 
 
Pregnancy complications Pregnant women Comparison 
 without UTI 

(N = 35,963) 
with UTI 
(N = 2,188) 

 

 No. % No. % OR 95% CI 
Threatened abortion 6,124 17.0 388 17.7 1.1 0.9 - 1.2 
Placental disorders* 559 1.6 33 1.5 1.0 0.7 - 1.4 
Preeclampsia, eclampsia** 2,988 8.3 233 10.7 1.3 1.1 - 1.5 
Nausea, vomiting (severe) 3,642 10.1 227 10.4 1.0 0.9 - 1.2 
Threatened preterm delivery*** 5,161 14.4 299 13.7 0.9 0.8 - 1.1 
Polyhydramios 170 0.5 21 1.0 2.0 1.3 - 3.2 
Olygohydramios 13 0.0 1 0.1 1.3 0.2 - 9.7 
Prolonged pregnancy 482 1.3 26 1.2 0.9 0.6 - 1.3 
Gestational diabetes 255 0.7 15 0.7 1.0 0.6 - 1.6 
Anemia 5,946 16.5 410 18.7 1.2 1.0 - 1.3 

* including placenta previa, premature separation of placenta, antepartum hemorrhage. 
** including pregnancy hypertension, oedema and albuminuria. 
*** including cervical incompetence. 

 
Table 7. Main birth outcomes of 2,188 newborn infants born to mothers with urinary 

tract infections (UTI) and 35,963 newborn infants born to mothers without UTI 
 

Quantitative UTI group Mean 
S.D  

No UTI group Mean 
S.D.  

Adjusted t p  

Gestational age* 
 (wk), boy 

39.4 2.1 39.4 2.0 1.2 0.23 

Girl 39.1 2.2 39.3 2.1 1.8 0.07 
Total 39.3 2.2 39.4 2.0 2.1 0.04 
Birth weight** (g), boy 3,304 514 3,325 514 1.7 0.08 
Girl 3,154 497 3,189 494 1.6 0.11 
Total 3,251 513 3,278 511 2.4 0.02 
Categorical No. % No. % Adjusted OR with 95% CI 
Preterm birth*, boy 136 9.6 1,933 8.3 1.2 0.9 – 1.4 
Girl  92  11.8 1,335  10.6 1.1 0.9 – 1.4 
Total 228  10.4 3,268 9.1 1.2 1.0 – 1.3 
Low birthweight**, boy  82 5.8 1,156 4.9 1.1 0.9 – 1.4 
Girl  64 8.2  865 6.9 1.1 0.9 – 1.5 
Total 146 6.7 2,021 5.6 1.1 0.9 – 1.4 

*adjusted for maternal employment status and use of pregnancy supplements during pregnancy. 
**adjusted for maternal employment status, use of pregnancy supplements during pregnancy and 

gestational age. 
 
Of 2,188 newborn infants born to mothers with UTI during pregnancy, 1,408 (64.35%) 

were boys, while the proportion of boys was 65.04% (23,391/35,963) among newborn infants 
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of mothers without UTI during the study pregnancy. The higher proportion of boys among 
newborns is explained by one of the matching criteria: sex to cases with congenital 
abnormalities, because there is an obvious male excess among malformed cases due to the 
common defects of male genital organs, such as undescended testis and hypospadias. 

Another main objective of the study was the analysis of birth outcomes (Table 7). 
The figures of no UTI group correspond well to the Hungarian newborn population in the 

study period. The mean gestational age was somewhat shorter in newborn infants born to 
mothers with UTI compared to mothers without UTI as a reference group due to the subgroup 
of girls. The mean birth weight was slightly smaller in the babies of mothers with UTI. 
However, this statistical significant difference was caused by 0.1 week and 27 gram which 
are clinically not significant. The proportion of preterm births (10.4% vs. 9.1%) was larger in 
the group of mothers with UTI but the similar trend in the proportion of low birthweight 
(6.7% vs 5.6%) did not reach the level of significance.  

We studied the possible correlation between severity of UTI including cystitis, 
cystopyelitis, pyelonephritis and mean gestational age and birth weight (Table 8). 

 
Table 8. Major variables of birth outcomes according to the different group (severity) of 

UTI 
 

Different group of 
UTI  

No %  Gestational 
age (wk) 

Preterm 
birth 

Birth weight 
(g) 

Low 
birthweight 

   Mean S.D. No. % Mean S.D. No. % 
True bacteriuria 
with symptoms of 
genital infection 

1,767 80.8 39.3 2.2 190 10.8 3250 509 115 6.5 

Acute cystitis 178 8.1 39.4 2.0 14 7.9 3302 558 11 6.2 
Acute 
cystopyelitis 

171 7.8 39.2 2.0 16 9.4 3237 506 13 7.6 

Acute 
pyelonephritis 

72 3.3 39.1 2.1 9 12.5 3141 520 8 11.1 

Total 2,188 100.0 39.3 2.2 228 10.4 3251 513 146 6.7 
 
There was an obvious severity-effect association in the proportion of preterm birth and 

low birthweight. The exception is true bacteriuria which was connected with genital 
infections of pregnant women, with a high rate of preterm birth but a low rate of low 
birthweight. Thus preterm birth inducing effect of true bacteriuria associates with the 
infections of genital organs in our study. 

Finally, we evaluated the preterm preventive effect of different drugs in mothers with 
UTI (Table 9). 

Antimicrobial drugs such as ampicillin, cefalexin and cotrimoxazole seemed to be very 
effective in the prevention of preterm birth in mothers with UTI, while the so-called urinary 
tract antiseptics such as nitrofurantoin and nalidixic acid did not show any preventive effect. 
It is worth mentioning that pregnant women with UTI and appropriate antimicrobial 
treatment had a lower rate of preterm birth (7.4%) than the high preterm rate of the 
Hungarian pregnant population (9.1%) during the study period. 

 



 

Table 9. Rate of preterm birth (%) in newborn infants born to mothers with different manifestation of urinary tract infecions and with 
or without antimicrobial drugs such as ampicillin, cefalexin and cotrimoxazole or urinary tract antiseptics such as nitrofurantoin and 

nalidixic acid treatment 
 

Urinary tract 

infections 

N. Ampicillin, cefalexin, cotrimoxazole 

No Yes 

Preterm birth Preterm birth 

N. No. % N. No. % 

Comparison 

POR** 95% CI 

Nitrofurantoin-Nalidixic acid 

No Yes* 

Preterm birth Preterm birth 

N. No. % N. No. % 

Comparison 

POR** 95% CI 

True bacteriuria 1,767 948 128 13.5 819 62 7.6 1.9 0.9 - 2.6 1,075 102 9.5 692 88 12.7 0.7 0.5 – 0.9 

Cystitis 178 97 10 10.3 81 4 4.9 2.2 0.7 – 7.3 143 9 6.3 45 5 11.1 0.6 0.2 – 1.8 

Cystopyelitis-

pyelonephritis 

243 154 17 11.0 98 8 8.2 1.4 0.6 – 3.4 144 16 11.1 108 9 8.3 1.4 0.6 – 4.3 

Together 2,188 1,199 155 12.9 998 74 7.4 1.8 0.9 – 2.5 1,362 127 9.3 845 102 12.1 0.8 0.6 – 1.0 
* without ampicillin, cefalexin and clotrimazole treatment. 
** adjusted for maternal age, birth order, employment status, other maternal diseases and drug treatments. 

 
 



Infectious Diseases of the Urinary Tract during Pregnancy 361

Glomerulonephritis in Pregnant Women and CA in Their Offspring 
 
Certain diseases of the urinary tract including kidney may cause a complication of 

pregnancy or a condition peculiar to it or may be only a concomitant disease [42, 43, 33, 25]. 
Thus the diseases of kidney belong to the common pathological conditions of pregnant 
women; and the objective of our project is to perform a systematic analysis regarding the 
possible association between all maternal kidney diseases and structural birth defects, i.e. 
congenital abnormalities (CAs). 

 
 

Aim 
 
The topic of glomerulonephritis [GN] and pregnancy was evaluated and discussed 

several times [e.g. 44], however, we did not find any publications regarding the possible 
association between GN and CAs [23], though all aspects of GN were discussed in the 
literature [45]. Acute poststreptococcal GN is a very rare complication of pregnancy, and if it 
occurs late in pregnancy, it can be mistaken for preeclampsia [25]. In general the term GN 
encompasses a range of immune-mediated disorders that cause inflammation within 
glomerules and other compartments of the kidney [46]. With chronic GN, one view warms of 
aggravation because of the hypercoagulable state accompanying pregnancy, with patients 
more prone to superimposed preeclampsia or hypertensive crises earlier in pregnancy. [25]. 

The data set of the Hungarian Case-Control Surveillance of Congenital Abnormalities 
(HCCSCA) [2] is appropriate for the study of possible association between GN and CAs.  

 
 

Method 
 
The protocol of the HCCSCA was presented previously. 
Pregnant women were recorded and/or reported with different kidney diseases, however, 

we evaluated only mothers with GN and/or nephritis with the onset before the study 
pregnancy, in general for 3 or more months [46]. Pregnant women who had essential 
hypertension, infections of urinary tract, nephrolithiasis, lupus nephropathy, acute and 
chronic renal failure, renal sclerosis, renal osteodystrophy, nephronoptosis, cystic kidney 
diseases, gestational proteinuria and microscopic hematuria [47] and in general kidney 
diseases with the onset during the study pregnancy in the HCCSCA were excluded from this 
analysis.  

Related drug treatments and pregnancy supplements were also evaluated. The latter may 
indicate the level of pregnancy care, and indirectly may show the socio-economic status and 
the motivation of mothers to prepare and/or to achieve a healthy baby. In addition it is 
necessary to consider folic acid and folic acid-containing multivitamins in the evaluation of 
preventable CAs [11-15]. Other potential confounding factors included maternal age, birth 
order, marital and employment status as indicators of socio-economic status, and influenza 
with high fever. 
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Results 
 
The case group consisted of 22,843 malformed newborns or fetuses (“informative 

offspring”), of whom 309 (1.35%) had mothers with GN. The total number of births in 
Hungary was 2,146,574 during the study period between 1980 and 1996. Thus the 38,151 
controls represented 1.8% of all Hungarian births, and among those controls, 479 (1.26%) 
were born to mothers with GN (crude OR with 95% CI: 1.1, 0.9-1.3). 

Of 309 case and 479 control mothers, 243 (78.6%) and 373 (77.9%) had medically 
recorded GN in the prenatal logbooks (p = 0.80). Four case and six control mothers with GN 
were hospitalized during the study pregnancy. The onset of GN was after the first trimester of 
pregnancy in 5 case and 4 control mothers, they were excluded from this analysis. Thus, all 
pregnant women had GN with onset before the conception of the study pregnancy and lasted 
during the first trimester. 

Table 10 summarizes the characteristics of mothers with GN and without GN, as 
reference. 

 
Table 10. Characteristics of mothers with or without glomerulonephritis (GN) during 

pregnancy 
 

Maternal variables Case mothers Control mothers Comparison 
 without with GN 

(N = 22,534) (N = 309) 
 without with GN 
(N = 37,672) (N = 479) 

between case and  
control mothers with 
GN 

 No. % No. % No. % No. %   
Quantitative           
Maternal age (yr)           
24 or less 10,752 47.7 193 62.5 17,710 47.0 284 59.3   
25 – 29 7,082 31.4 72 23.3 12,753 33.9 132 27.6 χ2

2 = 1.8 p = 0.41 
30 or more 4,700 20.9 44 14.2 7,209 19.1 63 13.2   
Mean ± S.D. 25.5±5.3 23.8±5.0 25.5±4.9 24.2±4.6 t = 1.1 p = 0.26 
Birth order           
1 10,526 46.7 182 58.9 17,909 47.5 300 62.6
2 or more 12,008 53.3 127 41.1 19,763 52.5 179 37.4

χ2
1 = 1.1 p = 0.29 

Mean ± S.D. 1.9±1.1 1.7±1.4 1.7±0.9 1.5±0.8 t = 2.8  p = 0.005 
Categorical           
Unmarried 1,254 5.6 15 4.9 1,448 3.8 23 4.8 χ2

1 = 0.001  p = 0.97 
Employment status           
Professional 1,877 8.3 24 7.8 4,313 11.5 40 8.4   
Managerial 4,897 21.7 71 23.0 10,010 26.6 124 25.9   
Skilled worker 6,260 27.8 69 22.3 11,530 30.6 160 33.4   
Semiskilled worker 3,805 16.9 64 20.7 5,698 15.1 85 17.8 χ2

6 = 32.1  p < 0.0001 
Unskilled worker 1,486 6.6 17 5.5 1,832 4.9 27 5.6   
Housewife 2,076 9.2 52 16.8 2,010 5.3 28 5.9   
Others 2,133 9.5 12 3.9 2,279 6.1 15 3.1   
 
This comparison indicates a lower mean maternal age and birth order due to the higher 

proportion of younger primiparae in the GN groups. The distribution of employment status 
did not show obvious difference between pregnant women with or without GN. However, 
case and control mothers with GN showed some difference in mean birth order and the 
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distribution of maternal employment status. Case mothers with GN had a lower 
socioeconomic status than control mothers with GN. It is worth mentioning the high 
proportion of housewives among case mothers particularly affected with GN. In general 
housewives belong to the lower social classes in Hungary. 

The prevalence of pregnancy complications is shown in Table 11. 
The prevalence of preeclampsia (9.9% vs. 7.3%; OR with 95% CI: 1.4, 1.1-1.8) and 

anemia (28.8% vs. 15.6%; OR with 95% CI: 2.2, 1.9-2.6) was higher in mothers with GN 
than in mothers without GN. However, case and control mothers with GN did not show 
significant difference with one exception. The latter was the lower occurrence of threatened 
preterm delivery in the case mothers with GN. 

Of 309 case and 479 control mothers with GN, 96 (31.1%) and 128 (26.7%) had no other 
diseases during the study pregnancy, respectively. Among other acute maternal diseases, only 
the prevalence of infections in the urinary tract (93, 11.8% vs. 3,637, 6.0%, OR with 95% CI: 
2.1, 1.7-2.6) and genital organs (75, 9.5% vs. 4,489, 7.5%, OR with 95% CI: 1.3, 1.0-1.7) 
was higher in pregnant women with GN than in pregnant women without GN. However, 
acute maternal diseases did not show difference between the case and control mothers with 
GN. The prevalence of chronic maternal diseases (such as diabetes mellitus, epilepsy) was 
similar in the study groups. 

There was no difference in the distribution and frequency of drugs used by case and 
control mothers with GN. 

Among pregnancy supplements the use of folic acid (47.6% vs. 51.6%) and 
multivitamins (3.9% vs. 4.6%) was less frequent in case mothers with GN than by pregnant 
women without GN but these differences were not significant.  

The evaluation of cases with different CAs and their all matched controls is summarized 
in Table 12. 

 
Table 11. Prevalence of pregnancy complications in mothers with or without GN 
 

Pregnancy 
complications 

Case mothers Control mothers Comparison 

  without with GN 
(N = 22,534) (N = 309) 

 without withGN 
(N = 37,672) (N = 479) 

of case and control 
mothers with GN  

 No. % No. % No. % No. % POR 95% CI 
Threatened abortion 3,463 15.4 38 12.3 6,438 17.1 74 15.5 0.8 0.5 – 1.2 
Placental disorders* 28.3 1.3 1 0.3 583 1.6 9 1.9 0.2 0.0 – 1.3 
Preeclampsia, 
eclampsia** 

1,519 6.7 30 9.7 2,863 7.6 48 10.0 1.0 0.6 – 1.6 

Nausea, vomiting 
(excessive) 

1,721 7.6 25 8.1 3,827 10.2 42 8.8 0.9 0.5 – 1.5 

Threatened preterm 
delivery*** 

2,605 11.6 29 9.4 5,387 14.3 73 15.2 0.6 0.4 – 0.9 

Polyhydramnios 209 0.9 3 1.0 189 0.5 2 0.4 2.3 0.4 – 14.1 
Olygohydramnios 32 0.1 1 0.3 14 0.0 0 0.0 - - 
Gestational diabetes 140 0.6 2 0.7 266 0.7 4 0.8 0.8 0.1 – 4.2 
Anemia 3,159 14.0 81 26.2 6,210 16.5 146 30.5 0.8 0.6 – 1.1 

* including placenta previa, premature separation of placenta, antepartum hemorrhage. 
** including pregnancy hypertension, oedema and albuminuria. 
*** including cervical incompetence. 
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Table 12. Results of conditional logistic regression analysis of cases and all matched 
controls to estimate the association between GN and different congenital abnormalities 

(CAs) 
 

Study groups Grand total GN 
 N No. %  Adjusted OR(95%CI)* 
Isolated CAs      
Neural-tube defects  1,202 17 1.4  0.6 (0.3 - 1.0) 
Cleft lip± palate  1,374 14 1.0  0.9 (0.5 - 1.9) 
Cleft palate only 582 10 1.7  2.2 (0.8 - 5.8) 
Esophageal atresia/stenosis  217 3 1.4  3.3 (0.3 - 34.7) 
Congenital pyloric stenosis 241 4 1.7  1.4 (0.4 - 5.6) 
Intestinal atresia/stenosis 153 5 3.3   6.8 (1.3 - 37.4) 
Rectal/anal atresia/stenosis 220 2 0.9   - 
Renal a/dysgenesis 104 2 1.9   2.8 (0.2 - 36.2) 
Obstructive urinary CAs 271 2 0.7  0.6 (0.1 - 4.0) 
Hypospadias  3,038 32 1.1  0.7 (0.5 - 1.2) 
Undescended testis  2,051 32 1.6  1.3 (0.8 - 2.1) 
Exomphalos/gastroschisis 238 4 1.7  0.7 (0.2 - 2.4) 
Microcephaly, primary 109 3 2.8  0.9 (0.2 - 4.4) 
Congenital hydrocephaly 314 8 2.5  1.8 (0.6 - 5.5) 
Ear CAs 354 7 2.0  0.7 (0.2 - 1.8) 
Cardiovascular CAs  4,479 50 1.1  1.0 (0.6 - 1.4) 
CAs of genital organs  123 3 2.4  0.9 (0.2 - 5.0) 
Clubfoot  2,424 34 1.4  1.0 (0.6 - 1.6) 
Limb deficiencies 548 11 2.0  1.7 (0.7 - 4.6) 
Poly/syndactyly 1,744 22 1.3  0.8 (0.4 - 1.4) 
Diaphragmatic CAs 243 6 2.5   6.5 (0.8 - 55.4) 
Other isolated CAs  1,465 18 1.2  1.2 (0.6 – 2.2) 
Multiple CAs  1,349 20 1.5  1.2 (0.7 - 2.3) 
Total cases 22,843 309 1.4  1.0 (0.9 - 1.2) 
Total controls 38,151 479 1.3 - 

* Matched POR adjusted for maternal employment status and use of antimicrobial drugs any time 
during pregnancy in conditional logistic regression model. 

Bold numbers show significant association. 
 
A higher prevalence of GN in pregnant women associated with a higher risk for one CA-

group: isolated intestinal atresia/stenosis. There was no positive family history in these 5 
cases with isolated intestinal atresia/stenosis and GN was medically recorded in the prenatal 
logbook of these 5 case mothers.  

The group of multiple CA included 20 cases but multimalformed offspring did not have 
intestinal atresia/stenosis.  

Finally, we evaluated the birth outcomes of controls born to mothers with or without GN 
(Table 13). (Cases were excluded from this analysis because CAs may have a more drastic 
effect for birth weight and gestational age than GN itself). 

There was a shorter mean gestational age and a higher rate of preterm birth of controls 
born to mothers with GN but these differences were not reflected in mean birth weight and 
proportion of low birthweight. 

 



Infectious Diseases of the Urinary Tract during Pregnancy 

 

365

Table 13. Mean gestational age at delivery and birth weight, in addition rate of preterm 
births and low birthweight newborns without CA born to mothers with or without GN 

 
Birth outcomes Control infants without CA born to mothers 

 with GN without GN 
 (N=479) (N=37,672) 

Comparison 

Quantitative variables Mean S.D. Mean S.D. Adjusted 
 t p= 

 Gestational age, wk 39.1 2.2 39.4 2.0 2.7 0.007* 
 Birth weight, g 3,252 477 3,276 512 0.6 0.53** 
Categorical variables No. % No. % Adjusted 

OR with 95% CI 
 Preterm birth 71 14.8 3,425 9.1 1.7 1.3 – 2.2* 
 Low birthweight 29 6.0 2,138 5.7 0.8 0.5 – 1.1** 

* adjusted for maternal employment status and use of pregnancy supplements during pregnancy. 
** adjusted for maternal employment status, use of pregnancy supplements and for gestational age. 
Bold numbers show significant associations. 

 
 
Interpretation of the Results of Our Study and 

Other Investigations 
 

Urinary Tract Infections and Congenital Abnormalities 
 
Some specific infections caused by rubella, varicella zoster, parvo-viruses, 

cytomegaloviruses, T. pallidum, Toxoplasma gondii, etc. during pregnancy have been 
associated with CAs. However, while the effects of the above mentioned microbial agents 
during pregnancy are well-known, the possible association of some common infections such 
as UTI with CAs was rarely studied. An improved understanding of the adverse effects of 
infections during pregnancy is important for the care and counseling of infected pregnant 
women, in addition for the prevention of CAs in the fetuses. Because of the relatively high 
occurrence of UTI during pregnancy, even a small elevated risk for CA and other adverse 
pregnancy outcomes have an important effect at the population level. 

The analysis of maternal UTI was focused on specific CAs because teratogens can cause 
specific CAs without necessarily affecting the overall rate. We did not find an association 
between UTI and related drug treatments during the second and/or third months of pregnancy 
and any CA.  

There are some weaknesses of our study: 
 
(i) The diagnosis of maternal UTI was based on the reported clinical and/or laboratory 

data, in general without the microbiological proof of the infection. However, we 
were able to differentiate the primary infection of urinary tract in the study 
pregnancy and previous or chronic urinary tract’s infection.  

(ii) Case and control mothers did not have recorded CAs of urinary tract, but we were 
not able to exclude minor anatomical variation in their urinary tract [25, 29]. 



Nándor Ács, Ferenc Bánhidy and Andrew E. Czeizel 366 

(iii) We had no data regarding fever in the total data set, however, among non-respondent 
mothers with UTI visited and questioned by regional nurses at home, only 6,0% had 
high temperature (over 38.5 Celsius) and two-third of these pregnant women had 
acute pyelonephritis.  

 
Asymptomatic significant bacteriuria caused mainly by E.coli was found in 5.9% of the 

Hungarian female population of reproductive age [26], in 6.4% of pregnant women [27] and 
in 14.0% of pregnant women with preterm births [28]. The prevalence of asymptomatic 
significant bacteriuria with the symptoms of genital infections was 6.8 and 5.7% during 
pregnancy in case and control mothers in the study, respectively. These figures are within the 
range of asymptomatic significant bacteriuria (2-10%) in the international literature [25].  

The occurrence of cystitis and pyelonephritis in pregnant women was found between 
about 1% and 2 % in other studies [25]. Our figures were somewhat lower (0.8% and 1.1% in 
the control group) because mainly only severe UTI were recorded in the prenatal care 
logbook. 

UTI occurred mainly in the younger primiparae with lower socioeconomic status in the 
study. UTI were associated very frequently with the infections/diseases of the genital organs, 
however, it was the main indication of laboratory examinations of the urine in our data set. 
Among other maternal diseases, only kidney stones had an association with UTI, because 
kidney stones may predispose UTI during pregnancy as well. 

We did not find any association between UTI and related drug treatments in the second 
and/or third month of gestation and any CA-group including atrial septal defect, thus we were 
not able to confirm the finding of Wilson et al. [24]. These authors evaluated the attributable 
fractions for 8 different cardiovascular CAs in the Baltimore-Washington Infant Study, 1981-
1989. UTI had a small relative risk of 1.6 in the group of atrial septal defect, but the large 
percent exposed (20.3%) resulted in an extra attributable fraction of 6.4%. The expected 
number of atrial septal defect type II was 6.3 while the observed number was 3 (i.e. lower) in 
newborn infants born to mothers with UTI during the second and/or third gestational month 
(p=0.30) in our study.  

Thus, our findings may indicate the lack of teratogenicity of microorganisms which cause 
UTI and related drug treatments in cardiovascular and other CAs. The detailed data of the 
study were published previously (30). 

In conclusion, the higher occurrence of CAs was not found in the offspring of mothers 
with UTI and related drug treatments during the second and/or third months of pregnancy, 
thus the early treatment of UTI is strongly recommended. 

 
 

Urinary Tract Infections in Pregnant Women and Pregnancy Complications, 
in Addition Pregnancy/Birth Outcomes 

 
The purpose of our study was to evaluate the possible association between maternal UTI 

during pregnancy and pregnancy complications, in addition birth outcomes such as 
gestational age and/or birth weight, moreover the proportion of preterm birth and low 
birthweight and the efficacy of drug treatment.  
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Our study resulted in three important findings. First, maternal UTI showed an association 
with polyhydramnios and pre-eclampsia. The slightly higher rate of anemia was explained by 
the somewhat lower socioeconomic status of mothers with UTI. Second, there is an 
association between shorter gestational age of newborns and higher proportion of preterm 
births and the severity of UTI. Third, the higher rate of preterm birth in newborn infants born 
to mothers with UTI is preventable by antimicrobial drugs such as ampicillin, cefalexin and 
cotrimoxazole and their beneficial effect can explain the low rate of preterm birth in mothers 
with UTI. 

It is a generally accepted opinion that renal diseases are associated with a higher risk for 
preeclampsia [31-33]. The possible association between polyhydramnios and UTI was also 
found [34]. True bacteriuria may be a marker for low socioeconomic status and sexually 
transmitted disorders which are associated with low birthweight and/or preterm birth. The 
main message of our study is that we confirmed the previous findings that UTI in pregnant 
women associate with a higher rate of preterm birth, but the association depends on the 
severity of maternal diseases and the efficacy of treatment. Up to 30% of mothers develop 
acute pyelonephritis if true bacteriuria is untreated, though antibiotic treatment is effective in 
reducing the risk of pyelonephritis in pregnancy and related preterm birth [35]. However, 
treated pyelonephritis associated with pregnancy does not appear to predispose to pretem 
birth or low birthweight [36] and this finding was confirmed in the milder form of UTI as 
well by our study.  

Only a small number of women acquired UTI during the pregnancy [37]. UTI in 
unplanned pregnancies is not treated and it explains partly the higher rate of preterm birth in 
these pregnant women [38]. As our Hungarian experience showed, the preconceptional or 
early postconceptional screening is necessary particularly in women with symptoms of 
infections in genitourinary system followed by an effective treatment to prevent the higher 
risk for preterm birth [39, 40].  

The detailed results of this study were published previously [41]. 
In conclusion, our study showed that maternal UTI increases the prevalence of 

preeclampsia and polyhydramnion, in addition the rate of preterm birth, however, available 
antimicrobial drugs provide an effective treatment for these adverse complications of 
pregnancies. 

 
 

Glomerulonephritis in Pregnant Women and CA in Their Offspring 
 
We examined the possible association between maternal GN during the study pregnancy 

and different CAs. A higher prevalence of GN was found only in one CA group and it 
included isolated intestinal atresia/stenosis.  

The data set of the CCSCA has limitations. 
 
(i) The diagnosis of GN was accepted on the basis of medical doctors’ reports or 

maternal information in the HCCSCA. GN is a subject of confusion among health-
care workers [45] because GN may have etiological, pathological, clinical 
descriptions and/or classification. We attempted to consider the latter approach, i.e. 
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nephritis syndrome, rapidly progressive GN, nephritic syndrome and chronic GN 
was included in the group of GN evaluated in the study, if it occurred during the first 
trimester of the study pregnancy. The persistent proteinuria was the principal marker 
of kidney damage in this group of kidney diseases. However, in general the precise 
diagnosis based on histological or other data was not available.  

(ii) About 1.3% of pregnant women with GN were recorded in the HCCSCA. In general 
GN is underdiagnosed and undertreated [46], though the evidence of kidney damage 
based on proteinuria, low calculated glomerular filtration rate, or combination of 
these features may help to have an appropriate diagnosis of GN [45]. GN is more 
frequent in males and there is an increase in its prevalence parallel with advanced 
age [45, 46]. If we consider these facts, our 1.3% prevalence did not indicate an 
underascertainment.  

(iii) Most women with GN were treated with several drugs, but their distribution and 
proportion was similar in case and control mothers with GN and they were 
considered at the calculation of adjusted OR with 95% CI.  

(iv) Though the HCCSCA is the largest case-control data set of CAs in the world, the 
number of case mothers with GN is limited in the different CA groups.  

(v) Finally, multiple comparisons between maternal diseases and various CA-groups 
may produce a chance association in every 20th analysis. 

 
Our study showed that GN is more frequent in younger and primiparae women with a 

shorter gestational age and higher rate of preterm birth in newborn infants without CA born 
to mothers with GN. The somewhat higher occurrence of semiskilled workers and 
housewives among case mothers with GN may indicate their lower socioeconomic status. The 
well-known association of renal diseases with pre-eclampsia [31, 32, 48, 49] and 
genitourinary infectious diseases [19-21] was confirmed in the study. In addition we found a 
higher prevalence of anemia during the study pregnancy with GN. It is strange that the 
reported rate of threatened preterm delivery was lower while the rate of preterm birth was 
higher in pregnant women with GN. We did not find any data in the international literature 
which showed that GN can suppress the symptoms of threatened preterm delivery. 

The association of GN and intestinal atresia/stenosis is noteworthy [51]. The question is 
whether this possible association is causal or explained by biases, confounders or by chance. 
The role of possible biases might be limited because all cases with isolated intestinal 
atresia/stenosis were born to mothers with prospectively and medically recorded GN during 
the first trimester of the study pregnancy. In addition the effect of confounders particularly 
related drug treatment was considered by the calculation of adjusted OR in our matched case-
control approach. Previously a higher risk of infantile pyloric stenosis in infants exposed to 
nalidixic acid was observed [50], however, there was no mother with nalidixic acid treatment 
during the study pregnancy of 5 cases with intestinal atresia/stenosis. Nevertheless, the effect 
of other unknown confounders or residual confounders cannot be excluded.  

Congenital intestinal atresia and stenosis is defined as total or partial obstruction of the 
intestine at any level (ileum is most common site followed by duodenum and jejunum, colon 
is least common) due to the lack or narrowing of continuity of the lumen in the fetus [51]. Of 
course, congenital hypertrophic pyloric stenosis, anal/rectal stenosis or atresia and diseases 
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associated with intestinal atresia/stenosis (e.g., cases with Down syndrome may have 
duodenal atresia or cystic fibrosis may associate meconium ileus), in addition other CAs of 
the digestive system such as abnormal fixation, malrotation, duplication, diverticulum, etc. 
were excluded and evaluated separately. The etiology of isolated intestinal atresia and 
stenosis is probably similar but not well-known. In general isolated intestinal atresia/stenosis 
does not associate with other CAs beyond intestinal atresia/stenosis. Multiple intestinal 
atresia may have autosomal recessive inheritance [52]. In addition jejunal atresia (the so-
called apple peel syndrome) due to obliteration of the superior mesenteric artery [53], 
duodenal atresia [54] and intestinal pseudoobstruction due to neuronal disease [55] with also 
autosomal recessive inheritance were not recognized in these cases. However, most isolated 
intestinal atresia/stenosis is thought to be due to fibrosis following intrauterine ischemia, i.e. 
vascular disruption. There are morphological and immunological evidence of coagulopathy in 
renal complications of pregnancy [26, 45]. Thus our hypothesis is that the pathomechanism 
of isolated intestinal atresia/stenosis in cases born to mothers with GN can be explained by 
the vascular lesion of the intestinal tract. 

The absolute risk for isolated intestinal atresia/stenosis connected with GN is small. The 
expected number of cases with this CA is 16 per 100,000 births [3]. The estimated prevalence 
of GN during pregnancy is 1.3% and it may associate with 7 times higher risk for isolated 
intestinal atresia/stenosis. Thus, the estimated absolute excess number of isolated intestinal 
atresia/stenosis may be 1.5 cases among 100,000 newborn babies.  

The detailed results of this study were published previously [57]. 
In conclusion, a higher occurrence of intestinal atresia/stenosis was found in the 

offspring of mothers with GN. However, these associations were based only on 5 cases, thus 
this finding is considered only as a signal and further studies are needed to confirm or reject 
this possible association. 
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Abstract 
 

Dengue infection is a common arboviral infection that poses a significant threat to 
tropical countries. The serious forms of this infection are called dengue hemorrhagic 
fever and dengue shock syndrome. These serious forms of dengue infection can lead to a 
high rate of fatality. Pregnant women in the endemic area of dengue infection can be 
infected and can develop many signs and symptoms. In this chapter, the author will focus 
on dengue infection in pregnancy, especially on the pattern of hematological disturbance. 
The co-manifestation with other common hematological disorders in pregnancy will also 
be mentioned. 
 
 

Introduction to Dengue Infection 
 
Dengue infection is a common arboviral infection that poses a great threat to tropical 

countries. Since it is an arboviral infection, the disease is an important member of the 
arthropod-borne disease group. This viral infection is classified as a mosquito-borne viral 
infection. Mosquito bite is the main risk and cause of infection. Aedes species is the 
important corresponding vector. This infection is common in tropical countries, as previously 
mentioned. Southeast Asia is classified as a high endemic area for dengue infection. A wide 
spectrum of disease caused by four serotypes of this most prevalent arthropod-borne virus 
affects humans today, and its incidence has increased dramatically in the past half century 
[1]. Due in part to population growth and uncontrolled urbanization in tropical countries, 
breeding sites for the mosquitoes that transmit virus have proliferated, and successful vector 
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control has still not been successful [1]. Dengue viruses have evolved rapidly, and genotypes 
associated with increased virulence have expanded from Southeast Asia into the Pacific, the 
Americas and other remote areas [1]. As previously mentioned, many thousands of cases of 
dengue and dengue hemorrhagic fever are reported in tropical regions of the 
Americas, Africas, Asia and Oceania every year [2]. In the absence of a safe and 
effective mass immunization, the best prevention and control of dengue outbreaks depend 
upon the surveillance of infected cases and the mosquito vector [3–5]. 

Dengue infection is a major cause of morbidity in tropical regions, bringing nearly 40% 
of the world population at risk and causing more than 20,000 deaths annually [6]. There is 
neither a vaccine for dengue disease nor antiviral drugs to treat the infection at present [6]. 
The classical simple form of dengue infection is called dengue fever. Dengue fever has the 
signs and symptoms of simple flu and patients can completely recover. The classical form of 
dengue infection has an incubation period of five to eight days followed by the onset of fever, 
violent headache, chill and rash developing after three to four days [7–9]. The fever usually 
lasts four to seven days, and most affected cases have a complete recovery without any 
complications [7–9]. However, there are other more serious forms of dengue infection. The 
serious forms of this infection are called dengue hemorrhagic fever and dengue shock 
syndrome. These serious forms of dengue infection can lead to a high rate of fatality. 

 
 

Hematological Manifestation of Dengue 
 
Dengue infection is an infection with dengue viruses producing a spectrum of clinical 

illness with several hematologic aberrations [10–12]. Thrombocytopenia and hemocon-
centration are common in patients infected with dengue [10–12]. Generally, most of the 
dengue infections usually present with fever, constitutional symptoms and positive tourniquet 
test (the appearance of petichiae after the application tourniquet pressure for three to five 
minutes) [10–12]. Decrease platelet count and elevated hematocrit are the two hallmark 
hematologic disturbances of dengue infection [13]. Vasculopathy and thrombopathy due to 
immune mechanism are also reported to be responsible for those findings [14–15]. It is well 
known that the process of thrombocytopenia is a significant hemostasis disorder in dengue 
infection. The underlying pathogenesis of this condition is believed to be due to the 
immunological alteration. Immune mimicking is proposed as the key for development of 
hemorrhagic episode, and the difference in binding capacity of IgM and IgG are the clues for 
the self-resolving phenomenon of dengue in the recovery phase [16]. In clinical practice, 
platelet counts do not correlate well with clinical bleeding [17–18]. Recently, a summative 
report on the platelet count and its clinical correlation to duration of fever in infected Thai 
children was studied by Wiwanitkit [18]. In this series, most of the subjects visited the 
physician with a complaint of fever, and most patients went to see the physician between the 
third and the fifth day from the onset of fever [18]. There is no significant correlation 
between platelet count and duration of high fever; however, there is a positive trend of 
increased platelet count in the later days [18]. According to a recent study by Wiwanitkit and 
Munusvanich, the regression analysis revealed no significant statistical correlation between 
platelet count and the focused outcome [16]. This means that a platelet count in a routine 
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complete blood count on admission cannot predict shock in the hospitalized dengue 
hemorrhagic patients [16]. There are only a few reports concerning the abnormal coagulation 
pathway among patients with dengue infections. Chua et al. reported that aPTT could be an 
index in predicting bleeding in DHF [19]. They noted that tendency to bleed was greater with 
prolongation of more than half a minute; platelet count can be a predictor of mortality, with 
death six times greater among those presenting with platelet counts higher than 
50,000/microliter than those whose platelet count was less than 50,000/microliter [19]. Chua 
et al. also mentioned that PT could also predict bleeding in patients with DHF [19]. However, 
Chua et al. did not confirm that prolonged PT and aPTT were important hemastasis disorder 
indicators in dengue. There is no report on coagulation factor alteration in dengue. 

 
 

Dengue in Pregnancy 
 
The pregnant in the endemic area of dengue infection can become infected and can 

develop many signs and symptoms. In this section, the author will focus on dengue infection 
in pregnancy, especially for the pattern of hematological disturbance. Co-infection with other 
common hematological disorders in pregnancy will also be mentioned. 

 
 

A. General Concern 
 
Besides simple transmission by vector, there are other methods of simple transmission of 

dengue infection that can be seen in clinical practice. Some pregnant women can also be 
susceptible to dengue virus, and if they experience dengue fever virus infection, the vertical 
transmission of the virus their children is possible. There are some interesting prior reports on 
tropical intrapartum arboviral infection. Vertical transmission of dengue fever virus during 
pregnancy was first reported by Thaithumyanon et al. in 1994 [20]. The intrapartum infection 
can bring several complications, mainly disorders of coagulation. With regard to the clinical 
presentation of the affected pregnant subjects, a clinical presentation similar to the general 
population can be seen. It can be noted that the intrapartum and postnatal disorders of 
coagulation cascades can be corrected by standard replacement therapy. Of interest, 
intrapartum complications were dependant on postpartum complications. Besides, it seems 
that clinical complications did not relate to the method of delivery. Confirmation of 
intrapartum dengue infection is generally delayed due to the long turnaround time of the 
serological test. First, a bacterial infection was initially suspected in most cases. 
Nevertheless, the presumed diagnosis is generally due to combined presentation of fever and 
thrombocytopenia. Actually, in endemic areas of dengue virus infection, the diagnosis of 
dengue fever should be considered in neonates with signs of the bacterial infection [21–22]. 
When a high fever is suspected in a pregnant woman, laboratory investigation and prolonged 
observation of the newborn are advised [21–22]. Wiwanitkit recently presented a series of 
reports of pregnant with dengue infection [23]. This study was designed as a descriptive 
retrospective study with a literature review of the papers concerning DHF in pregnancy in 
Thailand using the database of published works cited in the Index Medicus and Science 
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Citation Index [23]. The key words for searching in this work were “pregnancy” and 
“dengue” [23] According to this work, seven reports on DHF in pregnancy were recruited for 
further study [23]. According to this study, there have been at least seven reports [23–29] in 
the literature of seven cases of DHF in pregnancy, of which no case was lethal [23]. All 
except one case (23 weeks pregnancy) had term pregnancy on presentation [23]. Considering 
the clinical manifestations, all had fever and some had other manifestations [23]. From 
physical examination, all had hepatosplenomegaly and petechiae. At the time of diagnosis, 
complete blood count demonstrated thrombocytopenia and hemoconcentration in all cases 
[23]. Due to possible long waiting times for results of laboratory tests, beginning standard 
replacement therapy in clinically suspected cases is recommended and useful for general 
practitioners. After the final diagnosis, mother and baby should be closely followed up for a 
year.  

 
 

B. Pattern of Hematological Disturbance in Pregnant with 
Dengue Infection 

 
About one-third of dengue infection cases are reported in adult patients; therefore, some 

pregnant women may also be susceptible to dengue infection [24]. Increased cases of dengue 
infection in pregnancy can be expected due to the increasing incidence during adulthood. 
Hematological disturbance in pregnant women with dengue infection can be modified due to 
the pregnancy. Pregnant women usually have some degree of anemia, which can alter the 
hemoconcentration detection in a routine hematocrit test in the medical laboratory. However, 
the recent series by Wiwanitkit reports no alteration in hematocrit and platelet count [23]. 
Hemoconcentration as well as thrombocytopenia were the two hallmark laboratory 
aberrations in the patients in this series [23]. Wiwanitkit noted that it should be suspected 
when a pregnant woman presents with symptoms and signs similar to a non-pregnant patient, 
and the triad of high fever, hemoconcentration and thrombocytopenia could be the clue for 
diagnosis in pregnancy [23]. Conclusively, Wiwanitkit found that dengue infection in 
pregnancy was similar to non-pregnant patients in the context of clinical presentation, 
treatment and outcome [23]. 

 
 

C. Treatment for Dengue Infection in Pregnancy 
 
Treatment of dengue infection should be based on the severity of the infection. The 

concept of treatment is similar to other infections: eliminating the pathogen or control of the 
infection and supportive or symptomatic treatment. In dengue infection, the specific antiviral 
drug for dengue virus is not available at present. There are some recent reports on the 
possible antiviral drugs for dengue virus infection. Damonte et al. recently noted that drugs 
containing various alga sulfated polysaccharides posed high antiviral activity against dengue 
virus, and these polysaccharides should be further studied aiming at drug development [30]. 
With respect to supporting treatment, correction of vascular collapse in dengue should be a 
main consideration. In grade I or II of dengue fever, the blood pressure of patients has not yet 



Dengue Infection in Pregnancy: Pattern of Hematological Disturbance 

 

377

seriously decreased; therefore, an extensive fluid replacement is not necessary. Oral fluid 
replacement is sufficient for these cases. Hospitalization in these cases is not necessary. To 
lower high fever, paracetamol table should be utilized in general. It should be noted that 
aspirin is contraindicated in these cases. A complication due to additional disturbance of 
platelet according to utilization of salicylate in dengue infection is extensively mentioned. 
Following up of patients with grade I or II of dengue fever should be put in 1 week according 
to course of viral illness. It should be noted that phase of the illness can go higher; therefore, 
advice to patients to observe their symptoms and to visit the physician again if the symptoms 
get worse is indicated. In severe cases of dengue infection (grade III or IV), fluid replacement 
should be considered with special care (hospitalization is required). Intravenous fluid 
replacement is indicated for all cases falling within these severe grades. The ideal fluid for 
administration should include cystalloids or colloids (inclusive albumen) [31]. Cystalloids are 
given as alimentary boluses as quickly as possible, and as much as two to three alimentary 
boluses are needed in cases of deep shock [31]. The colloidal liquids are indicated in patients 
with massive shrinkage of plasma and in whom a large volume of cystalloids has been 
administered [31]. In addition to a correction of electrolyte and metabolic disturbances, 
oxygen management is necessary in all patients with dengue shock [31]. As a guideline for 
the general practitioner, the author proposed the initiation of intravenous fluid replacement 
with 0.9% normal saline solution. The response of fluid replacement can be monitored from 
serial taking of blood pressure and manual hematocrit test. It should be noted that the fluid 
replacement should not exceed one day to avoid the redistribution of fluid and possible fluid 
intoxication in the convalescent phase. The intravenous administration of corticosteroids is 
not contraindicated and shown to be useful in some cases [32–33]. This principle for 
treatment of dengue infection can be applied to pregnancy. Conservative treatment by fluid 
replacement is the gold standard for treatment of pregnancy with dengue infection. According 
to a recent study by Wiwanitkit [23], conservative treatment should be conducted unless there 
are any complications, and appropriate fluid replacement can provide a positive maternal 
outcome. Considering the newborn, a positive outcome can be seen [23]. An important 
concern in fluid replacement therapy in pregnancy should also be mentioned. Because of the 
high possibility for water intoxication in pregnancy, careful monitoring of fluid replacement 
therapy is needed. Hofmeyr and Mohlala reported that hypovolaemic shock is a major cause 
of maternal mortality [34]. Hofmeyr and Mohlala noted that management of this conditioned 
required teamwork, co-ordination, speed and adequate facilities to be life-saving and the first 
priority was rapid fluid replacement [34]. Hofmeyr and Mohlala also reported that 
crystalloids were the fluids of choice over colloids, and particularly albumen, which was 
associated with increased mortality [34]. Recently, Martel et al. proposed that blood 
component transfusion was also indicated when overt deficiencies were documented by 
clinical assessment or hematological investigations, and those components should be warmed 
and infused through filtered lines with normal saline, free of additives and drugs [35]. 
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D. Co-Manifestation with Other Common Hematological 
Disorders in Pregnancy 

 
Co-manifestation with other common hematological disorders in pregnancy can be seen. 

A great concern is thalassemia. Beta-thalassemia trait is a common hemoglobin disorder in 
Southeast Asia [36]. This disease is one of the inherited hemoglobin disorders, with a high 
prevalence documented in Southeast Asia, the same area as dengue infection. Microcytic 
anemia is common in beta-thalassemia. Also, thrombocytosis, related to thromboembolism, is 
documented in the patients with beta-thalassemia [37–38]. The author hereby will present a 
short summary of the basic clinical information on hemostatic disorder in dengue, based on 
experience with two known cases of beta-thalassemia suffering from dengue fever. The effect 
of co-presentation of dengue infection and beta-thalassemia trait are discussed as well. Two 
patients were diagnosed with dengue infection during the endemic season, 2003. The 
diagnosis of dengue infection was made according to the WHO recommendation, while the 
patients had been diagnosed with beta-thalassemia trait due to previous hemoglobin 
electrophoresis study. The first case was a male patient who presented to the physician with 
the chief complaint of high fever for 10 days. He was a known case of beta-thalassemia trait. 
He reported that an over-the-counter antipyretic drug could not relieve his illness. This 
patient had a positive tourniquet test and thrombocytopenia. The second case was a female 
patient who presented to the physician with a chief complaint of dizziness and fatigue for two 
weeks. On routine physical examination she presented with high fever. She was a known case 
of beta-thalassemia trait. This patient had a positive tourniquet test and thrombocytopenia. 
These two cases still presented with high hematocrit and low platelet count. A difference in 
hematocrit and platelet count between thalassemic and non-thalassemic subjects in the 
author’s setting can be demonstrated. It could be shown that the average hematocrit is lower 
and the average platelet count is higher in the thalassemic group. This can imply that 
investigation and interpretation of complete blood count in diagnosis and monitoring of 
dengue infection in thalassemic patients should be done carefully; error can be expected, 
especially in thalassemic cases with severe anemia in which hemoconcentration can be 
disguised. Nevertheless, the nature of hypochromic and microcytic red blood cell can be 
seen. This can confirm the real situation of co-manifestation of dengue and thalassemia. 
Although the two cases studies do not involve pregnancy, an implication can be made. The 
conservation of hemoconcentration and thrombocytopenia can still be seen and is a useful 
clinical hallmark for diagnosis. Thus, pregnancy with thalassemia, the focus on the 
mimicking effect of severe anemia to hide the hemoconcentration is a caution in coping with 
suspected dengue infection in pregnancy with thalassemia. The co-presentation of dengue 
infection and thalassemia can be detected in highly endemic areas such as Thailand. Due to 
the counter effect on the hematocrit and platelet of these two diseases, investigation and 
interpretation of complete blood count in the diagnosis and monitoring of dengue infection in 
thalassemic patients should be done carefully. In addition to thalassemia, another concern is 
other common blood infections. The focused diseases are malaria and filariasis. Co-infection 
between malaria and dengue infection can also be seen [39]. Pregnancy with both malaria and 
dengue infection can be expected and can be a serious complicated case [40]. 
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E. Transmission of Dengue to Neonate 
 
Transmission of dengue infection to the neonate is confirmed [23]. Neonatal dengue is 

considered a serious disorder in neonatal hematology. Tan et al. reported that a vertical 
transmission rate of 1.6% could be seen, and the pregnancy outcome of recently-infected 
women was not different [41]. Considering the nanostructure level in an explanation of 
vertical transmission, physiologically, the placental barrier, composed of the fetal 
endothelium and the syncytiotrophoblast and their fused basal laminae, plays important 
protective role, and the maternal blood bathes the syncytiotrophoblast only. It can be seen 
that the dengue virus has a smaller size compared with the placental filter (placental barrier 
pore size is equal to 10 nm [42]) and this allows vertical transmission. However, an important 
note is that viremia in the mother must be during the period near the time of labor to allow 
the virus to pass to infect the infant. It can be concluded that if a pregnant mother contracts 
the disease, is bitten by contaminated vector, and develops viremia in the week before term, 
this mother has a high risk for developing dengue infection in pregnancy and can pass the 
infection to her term infant in utero, which can result in vertical transmission and a case of 
neonatal dengue as a final outcome of this story of arbovirus transmission. 
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Abstract 
 

Infectious diseases of respiratory system frequently complicate pregnancy. This 
review evaluates the possible association between maternal infectious diseases of the 
respiratory system during pregnancy and preterm birth or structural birth defects, i.e., 
congenital abnormalities (CAs), in addition to their pregnancy complications based on 
the data set of the Hungarian Case-Control Surveillance of Congenital Abnormalities. 

At the evaluation of a common cold, it is necessary to differentiate the usual 
common cold (with short duration and without fever) and the common cold with 
secondary complications (i.e., with longer duration and frequently high fever). Pregnant 
women with a common cold mainly with secondary complications did not have a higher 
incidence of pregnancy complications. The gestational age at delivery was 0.1 week 
shorter with a somewhat higher rate of preterm birth, but these differences had no real 
clinical importance. However, an association of common cold (mainly with secondary 
complications) in the second and/or third gestational month of pregnancy with a higher 
rate of newborns with congenital cataract, cleft lip + palate and possibly some other 
specific congenital abnormalities was found, and this association was preventable with 
antifever drug treatments.  

Acute infectious diseases of the respiratory system cover a wide spectrum of 
diseases, from sinusitis to pneumonia. These diseases during pregnancy have no obvious 
effect of pregnancy complications. Infectious respiratory diseases in the severe lower 
catetory were associated with a higher risk for preterm birth, but their mild upper 
category seems to reduce indirectly the rate of preterm birth. Acute infectious diseases of 
the respiratory system during the second and third gestational months of pregnancy were 
not associated with a higher risk for the total group or any specific group/entity of 
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congenital abnormalities. However, frequently high-fever–related tonsillitis in pregnant 
women was associated with a higher risk for congenital cataract, neural-tube defects, 
cleft lip + palate and unclassified multiple congenital abnormalities. We may suppose 
that the association between these fever-sensitive defect groups and tonsillitis may be 
caused by high fever, because the parallel antifever treatment was able to prevent this 
risk. 

Finally, influenza during pregnancy was evaluated. The short duration of influenza 
in pregnant women did not increase the risk for pregnancy complications. Our study 
showed that the appropriately treated pregnant women affected with influenza in the first 
and second trimester of pregnancy have no higher risk for preterm birth. However, the 
high- fever–related influenza in the second and/or third gestational month of pregnancy 
may associate with a higher risk of some hyperthermia-sensitive CAs such as neural-tube 
defects, congenital cataract, cleft lip + palate, cleft palate only, cardiovascular CAs, and 
unclassified multiple CAs. The main finding of our study is that this higher risk for these 
major CAs can be prevented by the parallel use of antifever drugs. 
 
 

Introduction 
 
Infectious diseases of the respiratory system frequently complicate pregnancy. Here we 

focus on the two main adverse pregnancy outcomes of pregnant women affected with 
infectious diseases of respiratory system: preterm birth and structural birth defects, and 
congenital abnormalities; in addition, we evaluate their pregnancy complications. 

In Hungary, practically all deliveries took place in inpatient obstetric clinics, and birth 
attendants were obstetricians during the study period. Thus, both birth weight and gestational 
age at delivery were medically documented in the discharge summary of mothers after 
delivery. Gestational age was calculated from the first day of the last menstrual period. The 
definition of preterm birth was less than 37 completed weeks (less than 259 days), while the 
definition of low birth weight newborns was less than 2,500 grams. 

Three groups of preterm births are worth differentiation: (i) spontaneous (about 50%), 
(ii) preterm premature membrane rupture (30%), and (iii) medically-induced preterm birth 
due to maternal and genital complications (20%) [1].  

Birth defects—or, according to the World Health Organization’s (WHO) term, 
congenital anomalies—are structural, functional and/or biochemical-molecular defects 
present at birth, whether detected at that time or not. Among the different categories of birth 
defects, congenital abnormalities (CAs)—i.e., structural-morphological defects—represent 
the largest one. CAs have two main medical characteristics: (i) defect conditions with a 
limited chance for complete recovery, and (ii) the earliest (fetal-birth) onset. Thus, there is 
only one optimal medical solution, and this is prevention. 

The causes of CAs can be classified into three groups: 
 
1. Genetic, which includes chromosomal aberrations (e.g., Down syndrome) and 

Mendelian single-gene defects (e.g., achondroplasia). 
2. Environmental, which includes infectious agents (e.g., rubella virus), maternal 

diseases (e.g., diabetes mellitus), teratogenic drugs, alcohol, smoking and 
environmental pollutants. 
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3. Complex (multifactorial) origin caused by gene-environmental interaction when the 
so-called polygenic liability (predisposition) is triggered by environmental “risk” 
factors.  

The purpose of this review is to evalute the possible association between maternal 
infectious diseases of the respiratory system in pregnant women and preterm birth or CAs on 
their offspring, in addition the pregnancy complications of mothers during the pregnancy 
study based on the data set of the Hungarian Case-Control Surveillance of Congenital 
Abnormalities (HCCSCA).  

 
 

Hungarian Case-Control Surveillance of 
Congenital Abnormalities 

 
The HCCSCA was established in 1980, and at present it is the largest population-based 

data set in the world of cases with different CAs and their matched controls [2]. Cases with 
CA were identified from the Hungarian Congenital Abnormality Registry [3], while controls 
without CA from the National Birth Registry. In general, two or three controls were matched 
to each case on the basis of three criteria: (i) same sex, (ii) same birth week and (iii) same 
district of parents’ residence. In addition, a malformed control group, including cases with 
Down syndrome caused by non-disjunction before conception, was also selected from the 
Hungarian Congenital Abnormality Registry to better estimate the recall bias.  

Three sources of information were used to obtain exposure data in the mothers of cases, 
controls and malformed controls:  

 
i. Prospective medically recorded data. The mothers were asked to send us a prenatal 

care logbook and all other medical records (mainly discharge summaries). Prenatal 
care was mandatory for pregnant women in Hungary (if somebody did not visit 
prenatal care clinic, she did not receive a maternity grant and leave), thus nearly 
100% of pregnant women visited prenatal care clinics, an average 7 times in their 
pregnancies. The task of obstetricians in the prenatal care is to record all pregnancy 
complications, maternal diseases and related drug prescriptions in the prenatal care 
logbook.  

ii. Retrospective maternal self-reported information. A structured questionnaire, a list 
of maternal diseases and drugs as a memory aid, and informed consent were mailed 
to the mothers immediately after the selection of cases, controls and malformed 
controls. Mothers were asked to read the enclosed list of maternal diseases and drugs 
in order to refresh their memory, after this to complete the structured questionnaire, 
and to send them back with signed informed consent in our prepaid envelope. 

iii. Supplementary information from non-respondent mothers. Regional nurses were 
asked to visit all non-respondent cases and malformed control mothers, in addition to 
200 control mothers, to help the mothers fill out the same questionnaire, to evaluate 
available medical records and to obtain lifestyle data through a personal interview. 
Unfortunately, the Ethics Committee did not allow visiting all non-respondent 
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control mothers because—according to their opinion—this visit might disturb these 
families. 

 
Most chronic diseases were prospectively and medically recorded mainly in prenatal 

logbooks. The proportion of medically recorded acute diseases depended on the severity of 
diseases. As our validation study [4] showed mainly severe acute diseases were recorded 
medically in prenatal logbook. 

At the evaluation of pregnancy complications and birth outcomes, thus among others, 
preterm birth we used only controls in the data set of the HCCSCA. Cases with CA were 
excluded because CAs may have a more drastic effect for the incidence of pregnancy 
complications and birth outcomes (e.g., rate of preterm birth) than the maternal diseases 
studied. 

The evaluation of possible association of maternal diseases with the higher risk for 
different CAs was based on the comparison of cases with CA and their matched controls 
without CA in the data set of the HCCSCA. The diagnosis of CAs is based on the report of 
medical doctors in the Hungarian Congenital Abnormality Registry, in addition the quality of 
CA-diagnosis is improved and specified better due to the results of recent medical 
examination in the HCCSCA. CAs are evaluated in the so-called informative offspring: live-
born babies, stillborn fetuses and electively terminated pregnancies in the second and/or 
trimester after the prenatal diagnosis of fetal defect. 

At the evaluation of CAs we follow the following principles:  
 
4. CA cannot be regarded as a single homogeneous birth outcome because teratogenic 

factors such as maternal diseases (e.g., diabetes mellitus) or chemical teratogens 
such as drugs (e.g., retinoid acid-isotretinoin, hydantoin-phenytoin, valproate, 
warfarin) do not uniformly increase the rates of all CAs but rather tends to increase 
the occurrence of one or a limited number of specific CAs, therefore we have to 
evaluate CA-entities or CA-groups separately. First, the so-called isolated CAs 
(e.g., cleft lip) and multiple-syndromic CAs (e.g., cleft lip with cardiovascular CAs 
and hypospadias) are differentiated because their severity and etiology differ 
significantly. Second, 25 groups of isolated CAs are classified according to well-
defined diagnostic criteria. Third, multiple CAs are classified as CA-syndromes and 
CA-associations while the group of unclassified multiple CAs includes unidentified 
(though previously delineated) and undelineated CA-syndromes and CA-
associations, in addition random combinations of CAs. 

5. Different CAs have different critical periods [5]. Previously the critical period of 
CAs was considered during the first 3 months of gestation, i.e., in the first trimester. 
However, gestational time is calculated from the first day of the last menstrual 
period and it is worth differentiating three time windows: (i) First month of 
gestation because it is before the organogenesis. The first two weeks are before 
conception while the third and fourth weeks comprise the pre- and implantation 
period of zygotes and blastocysts including omnipotent stem cells. Thus CAs 
cannot be induced by environmental agents in the first month of gestation and it 
explains the “all-or-nothing effect” rule, i.e., total loss or normal further 
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development. (ii) The most sensitive, the so-called critical period for CAs. (iii) The 
“postcritical period” of CAs, i.e., pregnancy after the organ-forming period.  

6. These facts explain why the previous use of first trimester concept is misleading, 
thus outdated [6]. The critical period of most major CAs occurs in the second and 
third gestational months; we used therefore this time window as the critical period 
of CAs in our population-based case-control studies [7-9]. However, it is well-
known that human teratogens can induce CAs after the third gestational month, i.e., 
after the first trimester (e.g., hypospadias, undescended testis). This methodological 
problem encourages us to introduce a new critical time approach based on the 
specified critical periods of different CAs separately and our study showed that this 
is feasible [5], but we have to wait for the international consensus [10]. 

7. In general maternal diseases cannot be regarded homogeneous pathological 
conditions, e.g., pneumonia may have different etiology, thus we have to do our 
best to work homogeneous disease entities as much as possible. 

8. At the evaluation of maternal diseases we have to consider related drug treatments, 
but we have to avoid the usual methodological errors in previous studies when 
drugs were combined as antibiotics, penicillins, tetracyclines, sulfonamides, etc 
because different drugs have different chemical structures, indications and routes of 
administration. 

9. The validity of diagnosis of CAs and maternal diseases, in addition drug treatment 
can be improved with multiple sources of data, in addition extra validation studies. 

10. Confounders such as maternal age, parity, socioeconomic status of pregnant 
women, etc. may modify the association studied, thus we have to calculate adjusted 
risk figures. 

11. Among confounders the possible folic acid and/or multivitamin supplementation in 
the periconceptional period or in early pregnancy have some preventive effect of 
some CA, thus we have to consider this recently recognized effect as well [11-15]. 

12. We have to consider recall bias at the comparison of cases and controls. The birth 
of an infant with CA is a serious traumatic event for most mothers who therefore try 
to find a causal explanation such as diseases or drug uses during pregnancy for CA 
of their babies. This does not occur after the birth of a healthy newborn infant. Thus 
recall bias might inflate an increased risk for CAs. Our previous analysis showed 
that a case-control surveillance of this type may cause spurious association between 
drugs and CAs with biased risk (odds ratio) up to a factor of 1.9 [16]. There are 
three possibilities to restrict or exclude recall bias: (i) the evaluation of exposures 
only during the critical period of CAs because we expect an underreporting of 
exposure in both the critical and non-critical periods of CAs in the control group, 
(ii) the use of prospectively and medically recorded data as a gold standard, and (iii) 
comparison between cases with CA and malformed control (cases affected with 
Dow syndrome caused by numerical chromosomal aberration in the preconceptional 
period) because the mothers of malformed controls have similar recall. 

13. Multiple comparisons may produce a non-causal association because a significant 
difference is expected in every 20th estimation as a result of chance. 
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14. The first thought after the recognition of an association should be the exclusion of 
all possible biases and chance.  

 
Here we evaluate the data set of the HCCSCA, 1980–1996 because after 1996 the 

collection of data has been changed (all mothers are visited at home by regional nurses) but 
the data have not been validated. Thus our previous publications were based on the data set 
of 17 years between 1980 and 1986. 

Table 1 shows the number and percentage rate of more frequent maternal infectious 
diseases of respiratory system (which occurred in 10 or more mothers in either group) in the 
group of cases (including 22,843 informative offspring) and controls (containing 38,151 
newborn infants). 

 
Table l. The number and rate (%) of more frequent maternal infectious diseases of 

respiratory system during pregnancy in the case and control groups of the HCCSCA 
 

Infectious diseases of respiratory system Case group 
     No.               % 

Control group 
     No.             % 

Acute respiratory infections 
 

    

Common cold (nasopharyngitis) 
 

3,827 16.8 5,475 14.4 

Acute sinusitis 141 0.6        
   

250 0.7 

Acute pharyngitis   
    

641 2.8 1,048 2.8 

Acute tonsillitis     674 3.0 1,165 3.1 
Acute laryngitis-tracheitis  404 1.8 804 2.1 
Acute bronchitis-bronchiolitis     339 1.5 398 1.0 
Pneumonia      116 0.5 182 0.5 
Others (pleurisy)     
 

8 0.0 12 0.0 

Influenza    
 

1,328 5.8 1,838 4.8 

Chronic infectious diseases 
 

    

Chronic bronchitis  13 0.1 16 0.1 
 
Non-infectious diseases of respiratory system such as allergic rhinitis (hay fever), asthma 

bronchiale, emphysema, pneumothorax, epistaxis (from nose), in addition tuberculosis are 
excluded from this analysis. Influenza is the disease of the whole human body, but the 
predominance of symptoms is connected with the respiratory system, thus we evaluate this 
viral disease here. 
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Respiratory System and Function during 
Pregnancy 

 
The proper function of respiratory system in collaboration with cardiovascular system is 

extremely important to achieve adequate oxygenation of the fetus therefore there are 
significant changes in the maternal cardiorespiratory system during pregnancy. 

First the anatomic changes of the respiratory system in pregnant women are summarized 
[17]. The level of the diaphragm rises by 4 cm and the transverse diameter of the chest 
increases by 2 cm, in addition the so-called subcostal angle increases from 68 to 103 degrees. 
These changes together the enlarging uterus result in a decrease in residual volume because 
lungs are somewhat compressed. However, the decrease of residual lung volume does not 
associate with decreased ventilation because the excursion of the diaphragm in respiration 
increases by 1.5 cm. 

Though there is no increase in respiratory rate, maternal minute ventilation is increased 
due to an increase of tidal volume (about 500 to 700 ml in each breath). This hyperventilation 
results in a compensatory alkalosis and an increase in arterial oxygenation tension in the third 
trimester of pregnancy. The residual volume is reduced by 20% during pregnancy, but the 
vital capacity (i.e., the maximum volume of gas that can be expired after a maximum 
inspiration) does not change during pregnancy [17] 

Second, the oxygen delivery and consumption in pregnancy are also changed partly due 
to the physiological anemia of pregnancy because it results in a reduction in the hemoglobin 
concentration and arterial oxygen content. Oxygen consumption increases steadily during 
pregnancy. 

Third, at the evaluation of infectious diseases of respiratory diseases we have to consider 
the immunology of pregnancy. In general, immune function is similar in pregnant and non-
pregnant women. However, both T-cell and NK-cell function shows a decrease in pregnant 
women. Nevertheless there is no clear trend toward either the suppression or enhancement of 
systematic immune function during gestation [18]. 

 
 

Common Cold 
 
The common cold is a conventional term for mild upper respiratory illnesses caused by 

different microorganisms mainly from the virus family of picornoviridae (rhinoviruses, 
echoviruses, coxsackie viruses) influenza, parainfluenza, metapneumovirus, adeno- and 
respiratory syncytial viruses [19]. The common cold is manifested such as acute coryza or 
nasopharingitis with the symptoms of nasal stuffiness and discharge, sneezing, sore throat, 
and cough, in general without fever [20]. However, common cold is frequently followed by 
secondary complications including fever. 

The common cold is the most frequently reported maternal disorders during pregnancy in 
Hungary (Table 1). The data set of the HCCSCA included 3,827 cases with CA, 5,475 
controls without CA and 144 malformed controls affected with Down syndrome (the total 
group includes 834 malformed controls). The seasonal monthly distribution of common cold 
showed a higher occurrence between October and February with a peak in December. The 
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usual duration of common cold was one week without secondary complications. However, 
about two-third of our pregnant women affected with common cold had a longer duration due 
to secondary complications including sinusitis, otitis media, laryngitis, tracheitis, bronchitis, 
etc and in general these mothers had fever (and antifever therapy).  

At the analysis of our data in the HCCSCA [7, 21, 22] showed that about 50% of 
common cold was medically recorded in the prenatal care logbook. Major part of these 
pregnant women had secondary complications on the basis of longer duration of diseases and 
high fever (over 38.5 degree Celsius) in 57% of pregnant women. Thus, data shown here may 
reflect mainly pregnant women with more severe common cold with secondary 
complications. 

Common cold was diagnosed in all gestational months with the somewhat higher 
prevalence in third-fifth gestational months. 

Table 2 shows the incidence of pregnancy complications in pregnant women with or 
without common cold as a reference group. The proportion of anemia was larger, while the 
rate of threatened preterm delivery was smaller in mothers with common cold than in the 
reference group. The higher rate of anemia was in agreement with the lower intake of iron in 
pregnant women with common cold. 

 
Table 2. Incidence of pregnancy complications in pregnant women with or without 

common cold during pregnancy 
 

Pregnancy complications Pregnant women 
     with                   without  
             common cold 
         %                      %   

                        

Comparison  
OR     (95% CI) 

Nausea and vomiting, severe 9.1 10.3 0.9 (0.8 – 1.0) 

Threatened abortion 16.2 17.2 0.9 (0.9 – 1.0) 

Pre-eclampsia 8.4 8.5 1.0 (0.9 – 1.1) 

Threatened preterm delivery 10.4 15.0 0.7 (0.6 – 0.7) 

Placental disorders 1.2  1.6 0.7 (0.6 – 1.0) 

Poly/oligohydramnios 0.6 0.5 1.1 (0.7 – 1.5) 

Gestational diabetes 0.5 0.7 0.7 (0.5 – 1.0) 

Anemia 18.9 16.3 1.2 (1.1 – 1.3) 

 
Table 3 summarizes the birth/pregnancy outcomes of pregnant women with or without 

common cold. There was no difference in the sex ratio and in the rate of twins between the 
two study groups. Mean gestation age was 0.1 week shorter and this finding was agreement 
with the somewhat higher rate of preterm birth in the babies of pregnant women with 
common cold compared to the reference group. However, the mean birth weight was larger 
by 34 gram and the rate of low birth weigh newborns was lower in babies of mothers with 
common cold during pregnancy.  
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Table 3. Data of birth outcomes of newborn infants born to mothers 
with or without common cold 

 
Birth outcomes Newborn infants 

born to mothers 
with                    without            

common cold 

Comparison 
 

Quantitative    Mean (S.D.)  Mean (S.D.) t-test 
   Gestational age at delivery 39.3 (2.0) 39.4 (2.1) p=0.01 
   Birth weight 3,305 (487) 3,271 (51) p=0.01 
Categorical % % OR (95% CI) 
   Preterm birth 9.6 9.1 1.2 (1.1 – 1.5) 
   Low birth weight 4.2 5.9 0.8 (0.7 – 0.9) 

 
On one hand, the somewhat shorter gestational age at delivery and higher rate of preterm 

birth were in agreement with the symptoms of pregnant women with the fever-related 
common cold with secondary complications though a lower rate of threatened preterm 
delivery was recorded among these females. On the other hand there was a somewhat larger 
birth weight and lower rate of low birth weight in newborn infants born to mothers with 
common cold, in general with secondary complications. These surprising findings need 
confirmation or rejection in further studies. At present our hypothesis is that the anxiety 
caused by the severe but relatively short (2 weeks) common cold resulted in an improved 
lifestyle (a higher rate of smoking cessation and vitamin use) in the further part, mainly 
during the third trimester of pregnancy, when there is the most intensive fetal growth. 

Antifever drugs (acetylsalicylic acid, paracetamol and dipyrone) and antimicrobial drugs 
(such as ampicillin, penamecillin, clotrimazole) were used more frequently by pregnant 
women with common cold. However, there was no significant difference in the use of these 
drugs between case and control mothers with common cold. 

Among pregnancy supplement, the use of folic acid was somewhat lower in case mothers 
than control mothers with common cold (48.6% vs. 52.1%, OR with 95% CI: 0.9, 0.8-1.0). 
The intake of vitamin C was much more frequent in mother with common cold than in 
mothers without common cold. 

Our main aim was to study the possible association of maternal common cold with a 
higher risk for CAs.  

First, the possible association of maternal common cold (mainly with secondary 
complications) in the second and/or third gestational month with 25 isolated CA groups and 1 
unclassified multiple CA group was evaluated in the cases-all matched control analysis and a 
higher risk for 8 CA-groups were found (Table 4). However, this risk disappeared in the 
group of neural-tube defects at the evaluation of only medically recorded common cold. At 
the comparison of all cases with malformed controls (i.e., Down syndrome) with similar 
recall (bias), only congenital cataract and cleft lip + palate showed a higher risk. 
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Table 4. Estimation of the association of maternal common cold (in general with 
secondary complications) in the second and/or third gestational month of pregnancy 

with 7 CA groups/entities in all cases-matched control analysis with or without antifever 
drug treatments, in cases and their matched controls with only medically recorded 

common cold, finally in all cases-malformed control analysis 
 

CA groups / entities Cases—all 
matched 
controls 

OR  (95% CI) 

Antifever drugs* 
       with                   without 

OR  (95% CI) 

Medically 
recorded 

OR  (95% CI) 

Comparison 
with malformed 

controls 
OR  (95% CI) 

Isolated      
   Neural-tube defects 1.7 (1.3 –2.4) 1.0 (0.6 – 

1.7) 
2.4 (1.9 – 3.0) 1.5 (0.9 – 2.4) 1.3 (0.9 – 1.9) 

   Congenital 
        hydrocephaly 

6.3 (2.7 – 14.8) 2.1 (0.7 – 
6.8) 

2.6 (1.7 – 4.0) 3.6 (1.3 – 9.7) 1.5 (0.9 – 2.5) 

   Congenital 
cataract** 

4.0 (1.7 – 9.2) 0.6 (0.1 – 
4.0) 

11.1 (5.3 – 
23.3) 

3.6 (1.6 – 8.2) 4.0 (2.6 – 6.2) 

   Cleft lip + palate 3.2 (2.3 – 4.3) 1.4 (0.9 – 
2.2) 

2.9 (2.4 – 3.6) 2.3 (1.5 – 3.6) 1.7 (1.2 – 2.5) 

   Cleft palate only 2.0 (1.3 – 3.3) 1.2 (0.6 – 
2.4) 

1.7 (1.2 – 2.5) 2.3 (1.2 – 4.1) 1.1 (0.7 – 1.8) 

   Cardiovascular CAs 1.5 (1.3 – 1.8) 1.0 (0.7 – 
1.3) 

1.5 (1.3 – 1.8) 1.5 (1.2 – 2.0) 1.0 (0.7 – 1.3) 

   Limb deficiencies 1.7 (1.1 – 2.7) 1.2 (0.6 – 
2.3) 

1.8 (1.2 – 2.6) 2.2 (1.1 – 4.1) 1.2 (0.8 – 1.9) 

Unclassified multiple 
     CAs 

2.1 (1.6 – 2.9) 1.3 (0.8 – 
2.0) 

2.0 (1.6 – 2.6) 2.0 (1.4 – 2.9) 1.3 (0.9 – 1.9) 

Grand total 1.5 (1.4 – 1.6) - - 1.4 (1.3 – 1.6) 1.0 (0.8 – 1.2) 
*unmatched analysis 
**common cold and influenza were combined 

 
These analyses clearly demonstrated the importance of methodology in the human 

studies of teratogenic and maternal effects, e.g., the exclusion of recall bias by the 
comparison of case and malformed controls. However, our study showed an association of 
maternal common cold with congenital cataract and cleft lip + palate if maternal disease 
occurred in the critical period of this CA. The explanation for this association may be the 
high fever, because this association was prevented by the parallel antifever drug treatment 
(Table 4). We cannot exclude the possible association between maternal common cold with 
secondary complications and the previously mentioned other CAs but these possible 
associations were also prevented with antifever drug treatments. 

At the evaluation of the association of maternal severe complicated common cold with 
congenital cataract and cleft lip + palate, in addition possible others CAs we have to 
differentiate the possible teratogenic effect of microbial agents of common cold, secondary 
complications with fever, medications and malnourishment. We did not find any report 
regarding the teratogenic effect of microbial agents having a role in the origin of common 
cold [23]. Antifever drugs used for the treatment of common cold did not show teratogenic 
effect [24, 25]. Severe malnourishment may cause folate deficiency thus indirectly 
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predisposition for some CAs [26], but most common colds are not so severe and long that can 
induce real malnourishment. Thus we may suppose that fever may be the causal factor similar 
to influenza in the origin of “hyperthermia sensitive” CAs. The importance of high fever will 
be discussed in the Discussion part of this paper. 

Previously Kruppa et al. [27] found a possible association between anencephaly (the 
most severe form of neural-tube defects) and maternal common cold, while Zhang and Cai 
[28] reported an association between common cold and neural-tube defects, hydrocephalus 
and cleft lip + palate. 

In conclusion, at the evaluation of common cold, it is necessary to differentiate the usual 
common cold (with short duration and without fever) and common cold with secondary 
complications (i.e., with longer duration and frequently high fever). Pregnant women with 
common cold mainly with secondary complications had not a higher incidence of pregnancy 
complications. The gestational age at delivery was 0.1 week shorter with a somewhat higher 
rate of preterm birth, but these differences had no real clinical importance. However, an 
association of common cold with secondary complications in the second and/or third 
gestational month of pregnancy with a higher rate of newborns with congenital cataract, cleft 
lip + palate and possible some other specific congenital abnormalities was found and these 
associations were preventable with antifever drug treatments  

 
 
Acute Infectious Diseases of the Respiratory 

System 
 
Acute infectious diseases of respiratory system (AIDRS) represent a wide spectrum, and 

according to International Classification of Diseases, WHO, we differentiate sinusitis, 
pharyngitis, tonsillitis, laryngitis-tracheitis, bronchitis-bronchiolitis and pneumonia. As it 
appeared at the analysis of our data, it is worth separating upper/mild category of AIDRS 
including sinusitis, pharyngitis, tonsillitis, laryngitis-tracheitis and lower/severe category of 
AIDRS comprising of bronchitis-bronchiolitis, pneumonia.  

AIDRS, particularly uncontrolled or poor controlled, may cause both maternal and fetal 
morbity and mortality [29], nevertheless the possible associations of AIDRS with birth 
outcomes and CAs, in addition pregnancy complications have not been frequently studied 
[30]. 

The data set of the HCCSCA included 2,118 cases, 3,455 controls and 92 malformed 
controls born to mothers with AIDRS during the study pregnancy [8, 22, 31] The duration of 
AIDRS was 1.2 + 0.4 week in our pregnant women, though the duration of AIDRS and the 
proportion of medically recorded diseases depended on the severity of AIDRS (e.g., the latter 
was nearly 100% in the group of pneumonia). Hospitalization occurred only in pregnant 
women with pneumonia. AIDRS were recorded more frequently in the 3rd gestational month 
followed by 4th and 5th month. The monthly distribution of AIDRS showed some seasonality, 
the maximum was found in January followed by February, while the minimum occurred in 
July followed by August. 

First the incidence of pregnancy complications in pregnant women with or without 
AIDRS as reference group was compared (Table 5).  
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The occurrence of pre-eclampsia was lower in pregnant women with AIDRS than in 
pregnant women without AIDRS. On the other hand, the rarely occurring poly/oligo-
hydramnios was somewhat higher among pregnant women with AIDRS. 

In the second step we evaluated the incidence of pregnancy complications in different 
groups of AIDRS.  

Nausea and vomiting in pregnancy was evaluated in the whole groups (based on both 
medically recorded and maternal reported information) and in the subgroups based only on 
medically recorded nausea and vomiting in the prenatal logbook. The latter group represented 
the severe form with medical treatment. The groups of upper AIDRS category showed a 
somewhat higher value (52.4%) than the groups of lower AIDRS category (48.4%), and this 
trend occurred in the prevalence of severe nausea and vomiting as well (10.7% vs. 6.2%). 
These findings are worth mentioning because nausea and vomiting in pregnancy seems to 
have a protective affect of fetal death [32] and CAs [33]. 

The occurrence of both threatened abortion and pre-eclampsia reflected a U-shaped 
severity curve; they showed the highest prevalence in the groups of pneumonia and sinusitis. 
Threatened preterm delivery and gestational diabetes occurred most frequently in the group 
of sinusitis. The occurrence of placental disorders and poly/oligohydramnios was found most 
frequently in the group of pharyngitis. However, these differences can be explained mainly 
by the chance. 

Table 6 summarizes the birth/pregnancy outcomes of pregnant women with or without 
AIDRS.  

There was no difference in the sex ratio and in the rate of twins between the study 
groups. Mean gestation age was 0.3 week longer of pregnant women with AIDRS and this 
finding was agreement with the lower rate of preterm birth in their babies compared to the 
reference group. However, the mean birth weight was also by 57 gram larger and the rate of 
low birth weigh newborns was somewhat but not significantly lower in newborn infants born 
to mothers with AIDRS during pregnancy. However, the larger mean birth weight can be 
explained by the longer mean gestational age at delivery.  

The detailed analysis of these variables in the different groups of AIDRS showed a 
different and interesting pattern. There was a significantly shorter mean gestational age at 
delivery and higher rate of preterm birth in lower AIDRS category while upper AIDRS 
category associated with a longer mean gestational age at delivery and lower rate of preterm 
birth compared to the reference group, i.e., pregnant women without AIDRS. We did not find 
significant differences in the mean birth weight and the rate of low birth weight newborns 
between upper and lower AIDRS categories at the calculation of adjusted risk figures, i.e., 
considered confounders (among them gestational age). 

We repeated these calculations based on only medically recorded AIDRS, and similar 
associations were found among drugs, antimicrobial (ampicillin, penamecillin) and antifever 
(acetylsalicylic acid, paracetamol, aminophenazone) drugs had a more frequent use in 
mothers with AIDRS, but there was no significant difference in their use between case and 
control mothers affected with AIDRS. The use of pregnancy supplements such as folic acid 
and multivitamins was similar in pregnant women with or without AIDRS, only vitamin C 
was used more frequently by pregnant women affected with AIDRS. 



 

  

Table 5. Incidence of pregnancy complications in pregnant women with different groups of acute infectious diseases of respiratory 
system and the reference group (pregnant women without these diseases) 

 
Pregnancy 
complications 

Sinusitis 
(N=250) 

Pharyngitis 
(N=1,048) 

Tonsillitis 
(N=1,165) 

Laryngitis-
tracheitis 
(N=804) 

Bronchitis-
broncholitis 

(N=308) 

Pneumonia 
(N=182) 

Total 
(N=3,455)* 

   No.           % 

Reference 
(N=34,696) 

Comparison 
OR  (95% CI) 

Nausea/vomiting 53.2 50.9 53.6 52.5 48.0 49.5 1,994 51.3 18,175 52.4 1.0 (0.9 – 1.1) 
   medically recorded      8.8 11.2 10.3 11.6 5.0 8.8 329 9.9 3,540 10.2 0.9 (0.8 – 1.0) 
Threatened 
abortion 

20.4 17.5 14.7 18.3 13.1 23.1 573 16.6 5,939 17.1 1.0 (0.9 – 1.1) 

Pre-eclampsia 9.6 7.5 5.9 7.5 8.0 9.3 254 7.4 2,904 8.4 0.8 (0.7 – 0.9) 
Threatened 
preterm 
   delivery 

20.0 12.6 14.5 14.9 5.8 10.4 455 13.2 4,992 14.4 0.9 (0.8 – 1.0) 

Placental 
disorders 

2.0 2.4 1.6 2.0 0.3 1.6 58 1.7 535 1.5 1.1 (0.8 – 1.4) 

Poly/oligohydramnios    0.0 1.2 0.9 0.7 0.3 0.1 2.6 0.8 179 0.5 1.2 (0.8 – 1.2) 
Gestational 
diabetes 

1.2 0.9 0.9 0.5 0.3 0.0 22 0.6 248 0.7 0.9 (0.6 – 1.4) 

Anemia 14.4 19.1 14.2 19.5 11.3 18.7 55.3 16.0 5,803 16.7 0.5 (0.8 – 1.0 
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Table 6. Birth outcomes of pregnant women with different manifestations of 
AIDRS and without AIDRS as reference 

 
Different AIDRS Gestational age 

at delivery (wk) 
Preterm births   Birth weight    Low birth 

weight 
          (g)                   newborns 

 Mean S.D. No. % Mean S.D
.

No. %

Sinusitis 39.6 1.7 14 5.6 3,348 489 13 5.2
Pharyngitis 39.6 1.7 61 5.8 3,364 476 36 3.4
Tonsillitis 39.7 1.9 63 5.4 3,340 500 56 4.8
Laryngitis – tracheitis 39.8 1.7 32 4.0 3,349 512 39 4.9
Bronchitis – bronchiolitis 39.1 2.3 49 12.3 3,271 534 26 6.5
Pneumonia 38.9 2.2 28 15.4 3,217 525 16 8.8
Total 39.6 1.9 233 6.7 3,328 503 172 5.0
Mild/upper 39.7 1.8 161 5.5 3,343 496 134 4.6
Severe/lower 39.1 2.3 75 13.0 3,255 528 40 6.9
Total 39.6 1.9 233 6.7 3,328 503 172 5.0
Comparison <0.0001   0.7 (0.6 – 0.8) <0.0001    0.9 (0.8 – 1.0)
Reference  
(without AIDRS) 

39.3 2.1 3,263 9.4 3,271 512 1,195 5.8

 
The association between severe lower category of AIDRS and higher rate of preterm 

birth is plausible due to the pathological condition of mothers related to fever, drug 
treatments, etc. However, the association between mild upper category of AIDRS and lower 
rate of preterm birth would need further explanation. On the one hand we may hypothesize 
that pregnant women with mild AIDRS later may be more health consciousness. On the other 
hand most pregnant women were treated by antimicrobial drugs, and some of them (e.g., 
ampicillin) may have a beneficial effect for the parallel existing sexually transmitted 
infections/diseases [34] which can induce preterm birth. 

The prevalence of AIDRS in the second and/or third gestational months of pregnant 
women who later delivered cases with 26 CA-groups and their matched controls did not show 
significant difference in the total groups of CAs or any CA-entities or groups (Table 7).  

However, at the analysis of different groups of AIDRS separately, tonsillitis in the 
second and/or third gestational months of pregnancy did not show an association with the 
total group of CAs, but 4 CA-groups/entities showed an association with this fever-related 
maternal diseases. Our validation study showed that 47.7% of pregnant women with 
tonsillitis had high fever. (The proportion of pregnant women with high fever was lower than 
20% in other groups of AIDRS.) The highest OR was found in the group of cases affected 
with congenital cataract, followed by cases with unclassified multiple CA. The other two CA-
groups represented the “hyperthermia sensitive” neural-tube defects and cleft lip + palate. 
Again we checked these data in the subgroups with and without antifever drug treatments, 
and the previously found associations disappeared in the subgroups of pregnant women with 
antifever drug treatment while these risks increased in the subgroups without this treatment.  
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Table 7. Estimation of association of maternal acute infectious diseases of respiratory 
system and tonsillitis in the second and/or third gestational month of pregnancy with or 

without antifever treatment 
 

CA groups / entities Cases—all 
matched 
controls 

OR  (95% CI) 

Tonsillitis 
OR  (95% CI) 

Antifever 
      with                      without 

treatment 
OR  (95% CI)      OR  (95% CI) 
                             

Isolated CAs     
   Neural-tube defects 0.8 (0.6 – 1.2) 1.9 (1.4 – 2.7) 1.2 

(0.6 – 2.3) 
2.0 (1.4 – 2.8) 

   Congenital cataract 3.0 (0.8 – 12.0) 4.4 (1.3 – 14.0) 0.6 
(0.1 – 4.0) 

8.6 (4.0 – 15.1) 

   Cleft lip + palate 1.2 (0.9 – 1.7) 1.6 (1.1 – 2.4) 0.6 
(0.3 – 1.2) 

1.8 (1.3 – 2.4) 

Unclassified multiple 
     CAs 

1.0 (0.8 – 1.4) 2.2 (1.3 – 3.9) 1.9 
(0.8 – 7.5) 

2.5 (1.9 – 3.7) 

Total 0.9 (0.8 – 1.0) 1.2 (0.6 – 1.4) – – 
 
Previously mainly pneumonias in pregnant women were reported in the international 

literature. Pneumonia is rare during pregnancy, occurring in 1 per 118 to 2,288 [17], our 
figure 1 in 210 is nearer to the upper limit of this range. In most cases pathogens were not 
identified, however, other studies showed that pneumococcus and Haemophilus influenza are 
the most common identifiable causes of pneumonia in pregnant women [35, 36]. In the lack 
of comprehensive serologic testing, the true incidence of viral pneumonia, Legionella and 
mycoplasma pneumonia is difficult to estimate. In our material aspiration and varicella 
pneumonia, in addition HIV patients with pneumonia caused by Pneumocystis carinii or other 
agents did not occur. 

Preterm delivery was found as a common complication (up to 43%) in pregnant women 
with pneumonia after the introduction of antibiotic therapy as well [35–37] with lower mean 
birth weight (2,770 + 224 vs. 3,173 + 99 g) in one study [35]. Our recent experiences were 
better in Hungarian pregnant women affected with pneumonia. 

In conclusion, in general AIDRS during pregnancy have no obvious effect for pregnancy 
complications. However, severe lower category of AIDRS associated with a higher risk for 
preterm birth, but the mild upper category of AIDRS seems to reduce indirectly the rate of 
preterm birth. The latter finding needs further studies whether this association is causal or can 
be explained by unevaluated confounders. Finally AIDRS during the second and third 
gestational months of pregnancy did not associated with a higher risk for the total group of 
CAs or any group of specific CA-groups/entities. However, the frequently high-fever–related 
tonsillitis associated with a higher risk for congenital cataract, neural-tube defects, cleft lip + 
palate and multiple CAs. We may suppose that the association between these fever sensitive 
CA-groups and tonsillitis may be caused by high fever, because the parallel antifever 
treatment was able to prevent this risk. 
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Influenza 
 
Influenza is an acute infectious disease caused by influenza A, B and C viruses which 

occurs as an epidemic, in general winter [38, 39]. Most epidemic infections are due to 
influenza A, and influenza epidemics were recorded in Hungary between December and 
April. The latency period is about 2 (1–5) days, the usual duration of influenza is 5 days in 
general with high fever, coryza, headache, malaise and cough. However, if symptoms persist 
longer than 5 days, in general secondary bacterial infections of the respiratory system occur 
[40].  

Pregnant women may have a higher risk for influenza pneumonia, partly in new 
pandemics [41, 42]. For example mortality rate of pregnant women with influenza pneumonia 
was about 50% in 1918-1919 [43, 44]. 

The data set of the HCCSCA included 1,328 cases with CA and.1,838 controls without 
CA, in addition 36,313 pregnant women without influenza were considered as reference 
group [9, 22, 45]. All pregnant women were affected with influenza during the epidemic 
periods, and 72% of them were recorded in the prenatal care logbook. The onset of influenza 
according to gestational months did not show any obvious difference with the exception of 
low prevalence in the 9th month. In our study 91.5 % of pregnant women had fever over 38.5 
Celsius degree according to our validation study. 

First we evaluated pregnancy complications (Table 8). These pregnancy complications 
did not show a higher incidence in pregnant women affected with influenza. 

 
Table 8. Incidence of pregnancy complications in pregnant women with or without 

influenza during pregnancy 
 

Pregnancy complications Pregnant women 
  with               without  
           influenza 
       %                   % 

Comparison 
OR  (with 95% CI) 

Nausea and vomiting 
        severe 

9.4 10.2 0.9 (0.8 – 1.1) 

Threatened abortion 19.0 17.0 1.1 (0.9 – 1.3) 
Pre-eclampsia 
   (hypertension, edema, proteinuria) 

10.6 12.2 0.9 (0.7 – 1.1) 

Threatened preterm delivery 
   (incl. cervical incompetence) 

15.2 15.8 1.0 (0.9 – 1.1) 

Placental disorders 
   (placenta previa, premature separation  
   of placenta, antepartum hemorrhage) 

1.7 1.5 1.1 (0.8 – 1.6) 

Poly/oligohydramnios 0.7 0.5 1.3 (0.7 – 1.6) 
Gestational diabetes 0.9 0.7 1.3 (0.7 – 2.4) 
Anemia 17.0 16.6 1.0 (0.9 – 1.2) 
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Table 9. Data of birth outcomes of newborn infants born to pregnant women with 
influenza or without influenza 

 
Birth outcomes Newborn infants 

born to pregnant women 
  with influenza    without influenza 
                               

Comparison 

Quantitative Mean (S.D.) Mean (S.D.) Adjusted t 
   Gestational age at delivery 39.5 (1.9) 39.4 (2.1) p=0.12 
   Birth weight 3,311 (492) 3,274 (512) p=0.08  
Categorical % % Adjusted OR (95% 

CI) 
   Preterm birth 8.0 9.2 0.9 (0.8 – 1.1) 
   Low birth weight 4.7 5.7 0.9 (0.7 – 1.1) 

 
The birth outcomes of newborn infants without CA born to mothers with influenza or 

without influenza as reference group during the study pregnancy were analyzed in the second 
step, and the results of this evaluation showed unexpected results (Table 9).  

There was no difference in the sex ratio and in the rate of twins between the two study 
groups. Mean gestational age at delivery was 0.1 week longer, and in agreement with this 
finding, the rate of preterm birth was somewhat lower in newborn infants born to mother with 
influenza during pregnancy compared with the reference group, i.e., pregnant women without 
influenza. Mean birth weight was 37 g larger in live-born babies of pregnant women with 
influenza during pregnancy and this difference was reflected in the lower rate of low birth 
weight newborns as well. However, these differences were explained partly by the somewhat 
longer gestational age, partly maternal variables. The proportion of professionals was 
somewhat higher among pregnant women with influenza (14.2% vs. 11.3%), in addition 
pregnant women with influenza used more frequently vitamins (e.g., C. 9.1% vs. 4.2%, and 
multivitamins 7.6% vs. 6.5%). On the other hand, it is necessary to mention that influenza 
occurred rarely in the third trimester of pregnancy, thus our data are not appropriate to study 
the possible association of maternal influenza during the third trimester with higher risk for 
preterm birth. 

Thus, the short duration of usual maternal influenza during the first and second trimesters 
of pregnancy does not induce a higher prevalence of unsuccessful birth/pregnancy outcomes. 
In fact we found a somewhat but significantly lower rate of preterm birth. 

The major objective of our study was the evaluation of prevalence of maternal influenza 
in the second and/or third months of pregnancy, i.e., in the critical period of most major CAs 
(Table 10). 

Of 26 CA-entities, five showed an association with maternal influenza. The higher risk 
for congenital cataract, cleft lip + cleft palate, neural-tube defects and cardiovascular CAs 
was significant, while cleft palate was near to the level of significance (and unmatched 
analysis resulted in a significant association).  
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Table 10. Estimation of the association (risk) of maternal influenza during the 
second and/or third gestational months of pregnancy with 5 CA groups 

in the cases-matched control analysis 
 

Isolated CA-groups / entities Case-all matched 
controls 

OR  (95% CI) 

Antifever drugs 
          with                     without 
OR  (95% CI)           OR (95% CI) 

Neural-tube defect 1.9 (1.1 – 3.3) 0.7 (0.3 – 1.6) 2.7 (1.8 – 4.0) 
Cong. cataract* 4.0 (1.7 – 9.2)*** 0.6 (0.1 – 4.0) 11.1 (5.3 – 23.3) 
Cleft lip + palate 3.2 (2.0 – 5.3) 1.4 (0.8 – 2.5) 3.3 (2.4 – 4.7) 
Cleft palate only 2.2 (0.9 – 5.1)* 1.3 (0.6 – 2.9) 2.5 (1.4 – 4.5) 
Cardiovascular CA 1.7 (1.3 – 2.3) 1.4 (0.9 – 2.1) 1.7 (1.3 – 2.2) 
Total 1.4 (1.3 – 1.6) – – 

*Unmatched analyses showed OR (95% CI): 2.5 (1.6 – 4.0) 
**Influenza and common cold were combined 
***During entire pregnancy OR (95% CI): 7.4 (3.9 – 14.0) 

 
In the next step we attempted to differentiate cases with the above five „candidate” CAs 

according to maternal influenza in the second and/or third months of gestation with or 
without antifever treatment. We did not find this association if maternal influenza was treated 
by antifever drugs (Table 9). 

Our studies showed the importance of specificity of teratogens as one of the important 
rule of human teratology. At the evaluation of the possible association between maternal 
influenza and 26 different CAs, five showed a higher risk. Another important rule in human 
teratology is the time factor, i.e., critical period of different CAs. The previously mentioned 
association of maternal influenza with cleft lip + cleft palate, neural-tube defects, 
cardiovascular CAs and cleft palate was found if this maternal disease occurred in the critical 
period of these CAs. However, an obvious association was found between the maternal 
influenza and congenital cataract not only during the critical period of lens but during the 
entire pregnancy. Thus, congenital cataract is not only a defect of embryogenesis but it may 
be connected with the developmental disturbance of lens in the second and third trimesters of 
pregnancy.  

At the evaluation of possible association between maternal influenza and neural-tube 
defects, cleft lip + cleft palate, cleft palate only, cardiovascular CAs, and congenital cataract, 
it is necessary to consider and differentiate the possible effect of pathogens (i.e., influenza 
viruses), symptoms of the disease, particularly high fever, medications and the secondary 
complications such as malnourishment. In the study by Shien et al. [46] influenza viruses did 
not cross the placenta until late in gestation period, i.e., after the critical period of CAs. In 
addition, influenza viruses caused fetal death in pregnant animals but not specific CAs. Thus, 
we may suppose that influenza viruses are not teratogenic. The different drugs used for the 
treatment for maternal influenza were evaluated in detail but these medications did not 
indicate any teratogenic effect [25]. In fact they showed an “anti-teratogenic” effect in our 
studies. The hazards of secondary complications of maternal influenza are difficult to 
exclude, but they exist in fetuses of all pregnant women and only 5 CAs showed association 
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with maternal influenza. The common factor may be the high fever in the origin of these 5 
CA-groups, and this hypothesis is confirmed by the protective effect of antifever drugs. 

Hyperthermia-induced CAs were detected first in animal investigations [47, 48], 
however, later the evidences for human teratogenicity of high fever have been continuing to 
accumulate. Here only those CAs are mentioned which were found in our study associated 
with high fever-related influenza.  

The association between high fever and isolated neural-tube defects was shown [48–60]. 
The spectrum of high fever-related CAs was expanded for cleft palate [61], cleft lip + palate 
[62] and cardiovascular CAs [63, 64]. However, to our best knowledge, the association of 
high fever with congenital cataract [22] and multiple CAs [65] were found by us, in addition 
we delineated the typical pattern of component CAs in high fever-related MCA-syndrome 
[66].  

Previously Botto et al. [67] showed that the association of maternal fever with some CAs 
can be reduced by folic acid containing multivitamins. Our previous studies confirmed that 
the periconceptional high dose folic acid or folic acid containing multivitamin 
supplementation can also contribute to the prevention of neural-tube defects, oral clefts and 
cardiovascular CA due to influenza related hyperthermia [9, 68]. 

In conclusion, the short duration of influenza in pregnant women did not increase the risk 
for pregnancy complications. Our study showed that the appropriately treated pregnant 
women affected with influenza in the first and second trimester of pregnancy have no higher 
risk for preterm birth. However, the high fever-related influenza in the second and/or third 
gestational month of pregnancy may associate with a higher risk of some hyperthermia- 
sensitive CAs such as neural-tube defects, congenital cataract, cleft lip + palate, cleft palate 
only, cardiovascular CAs, and multiple CAs. The main finding of our study is that this higher 
risk for major CA can be prevented by the parallel use of antifever drugs. 

 
 

Discussion 
 
The evaluation of acute infectious diseases of the respiratory system in pregnant women 

was differentiated in three approaches. 
The first approach included pregnancy complications, and our data did not detect any 

characteristic or clinically important association between maternal common cold, AIDRS, 
influenza and different pregnancy complications. 

The second approach was connected with birth outcomes of newborn infants without CA 
born to mothers with common cold, AIDRS, and influenza during the pregnancy study. Our 
results were controversial, therefore unexpected. Pregnant women with a common cold 
(mainly with secondary complications), mild upper category of AIDRS and influenza were 
associated with a lower risk for preterm birth. Only the severe lower category of AIDRS was 
associated with a higher risk of preterm birth. 

The third and main approach was the estimation of the possible association of acute 
infectious diseases of respiratory system in pregnant women (exactly in the second and/or 
third gestational months, i.e., the critical period of most major CAs) with CAs. Our studies 
showed some association of certain similar CAs with these maternal diseases, namely 
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common cold with secondary complications, tonsillitis and influenza. We suppose that this 
CA pattern may be associated with the common denominator of these maternal diseases, i.e., 
high fever. 

High temperature may result in arrest of mitotic activity and immediate death of cells in 
mitosis with threshold elevations (1.5–2.5 Celsius degrees) and a delayed death of cells, 
probably in S phase with higher elevation (3.5 or more Celsius degrees). Apoptosis is also 
affected by hyperthermia; in addition, high fever may cause micro-vascular disturbances 
leading to leakage, edema and hemorrhage. These pathological processes may be more 
obvious in embryos with extreme intensive development, particularly in certain critical 
locations, such as neural tube, eyes, face and cardiovascular system. 

Of course, the teratogenic effect of maternal fever depends on the severity, duration and 
timing [68]. Over 40 degrees Celsius, there is no doubt regarding the teratogenic effect of 
fever; however, it is worth calculating a 38.5 degrees Celsius threshold. One or more days 
seem to be the critical duration of high fever. The timing of high fever determines the risk of 
specific CAs. If the neuronal cell population cannot recover from the antimitotic insult and 
heat stress response of high fever, mainly the development of the brain is affected. For 
example, if it occurs during the time of neural tube closure (i.e., between 21st and 28th 
postconceptional days, i.e., third postconceptional week), there is a higher risk for neural-
tube defects [68]. 

“The prevention is better than cure”—we can translate this slogan for the prevention of 
CA due to high-fever–related acute infectious diseases of the respiratory system in pregnant 
women. Thus, it is worth recommending vaccination against influenza for women who are 
planning their pregnancy during the expected epidemic period. In addition, it is necessary to 
start the antifever therapy as soon as possible in pregnant women with fever-related acute 
infectious diseases of the respiratory system. This treatment may include both old-fashioned 
but not inefficient physical treatment (compress or Priessnitz method) and antifever drugs 
immediately after the diagnosis of fever-related respiratory diseases, particularly influenza in 
pregnancy, to prevent teratogenic hyperthermia. Finally, the periconceptional high dose folic 
acid or folic acid containing multivitamin supplementation can also contribute to the 
prevention of neural-tube defects, oral clefts and cardiovascular CA due to fever-related 
hyperthermia [9, 68]. 

 
 

General Conclusions 
 
Maternal diseases are common during pregnancy, and some of them (e.g., diabetes 

mellitus and phenylketonuria) are well-known teratogenics. However, we have to widen the 
spectrum of these diseases with high-fever–related maternal diseases such as influenza, 
tonsillitis, and common cold with secondary complications. 

In the past, the possible teratogenic effects of drugs have been studied frequently, but the 
potential hazards of underlying diseases were rarely evaluated. Our preliminary calculation is 
that the attributable risk of fever-related maternal diseases in the origin of CAs is obviously 
larger (about 5%) [68], while the attributable risk of all human teratogenic drugs used during 
pregnancy is 2% [25].  
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Thus, an important task is to systematically study the teratogenic and/or fetotoxic effects 
of all maternal diseases during pregnancy. 

The teratogenic potential of high-fever–related maternal diseases is preventable with the 
reduction or avoidance of the teratogenic effect of hyperthermia using antifever therapy. 
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Abstract 
 

Objective: To assess the maternal outcomes and the characteristic features of 
pregnancy with smallpox. 

Design: Retrospective collection and review of literature on previous smallpox 
outbreaks. 

Setting: Case fatalities in 16 outbreaks and miscarriage and premature birth in 15 
outbreaks in Europe, Australia and the United States during the 19th and 20th centuries. 

Population: Pregnant smallpox cases at various gestational periods and with various 
vaccination histories. 

Methods: Overall crude estimates of the outcomes were obtained based on the 
collected publications. Stratifications were then performed by gestational period, clinical 
classification of smallpox, and vaccination status. 

Main outcome measures: Case fatality, and miscarriage and premature birth. 
Results: Overall case fatality and the proportion of miscarriage and premature birth 

were estimated as 34.3% (95% confidence interval (CI); 31.4, 37.1) and 39.9% (36.5, 
43.2), respectively. Although the estimate of case fatality was highest during the third 
trimester (40.5% (26.8, 54.2)), miscarriage and premature birth did not show a clear 
localised pattern according to gestational stage. Vaccination prior to pregnancy 
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effectively reduced the risk of death in three outbreaks (p < 0.01, p = 0.02 and p < 0.01, 
respectively). Miscarriage and premature birth were frequently observed even among 
those with mild classifications of smallpox. 

Conclusions: Despite the extremely high estimates of both outcomes, fatality can be 
lowered by vaccination prior to pregnancy. Nevertheless, it might be difficult to prevent 
cases from miscarriage and premature birth using vaccination only. The historical records 
appeared useful for clarifying the examined outcomes and in characterising the common 
patterns. 
 
 

Introduction 
 
Pregnant individuals are recognised as being at special risk of smallpox vaccine 

complications [1]. This topic has been discussed in detail based on published evidence, and 
consequently, vaccination of pregnant women is not recommended prior to the actual re-
emergence of smallpox [2-4]. Although the epidemiologic parameters of smallpox have been 
extensively analysed and reviewed [5-6], maternal and perinatal outcomes have rarely been 
documented [7-9], despite the universal agreement that smallpox in pregnancy is much more 
severe than in non-pregnant individuals and adult males [5]. The understanding of this issue 
is supported by a limited number of epidemiologic studies during the mid-20th century that 
identified high case fatality [7-9] as well as an extremely severe course of pregnancy [7].  

Being the first disease against which a vaccine became available and with the 
achievement of global eradication [5,10], and because outbreaks after the mid-20th century 
were accompanied by only a small number of pregnant cases except in limited areas in Africa 
and Central Asia, we lack a sufficient amount of statistical evidence on smallpox in 
pregnancy. The widely discussed possibility of a bioterrorist attack using variola virus makes 
re-evaluation and clarification of the epidemiology of smallpox essential. In line with this, 
historical records are a potentially valuable resource [11]. In this chapter, epidemiologic 
analysis of smallpox in pregnancy is performed based on outbreaks in Europe, Australia and 
the United States in the 19th and 20th centuries. Two maternal outcomes [12], (1) case 
fatality and (2) miscarriage and premature birth, were investigated and then stratified by 
gestational period, severity of smallpox, and vaccination prior to pregnancy to characterise 
key aspects of smallpox in pregnancy. 

 
 

Methods 
 

Search Strategy 
 
Since the majority of documented large-scale outbreaks of smallpox were written before 

the mid-20th century, this chapter could not follow formal methods of systematic review, i.e., 
using MEDLINE or other databases. Consequently, this chapter firstly tracked selected 
references in major specialised books [5,13-15] and articles on smallpox or viral diseases 
after the mid-20th century [7,16-18]. These references [19-22] were subsequently reviewed 
and their references were further tracked, regardless of language, in search of potentially 
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useful articles. This task was repeated as many times as necessary until no further references 
were identified (Figure 1). Consequently, references dating back to the 19th century were 
reviewed. 

 

 

Figure 1. Flow diagram of study selection process. 

 
Study Selection Criteria 

 
First, all publications reporting either of the defined maternal outcomes of smallpox, i.e., 

case fatality and miscarriage and premature birth, were selected. Second, the obtained 
publications were limited by the following inclusion criteria: the publication (1) documents 
more than 8 smallpox cases during pregnancy (exclusion of case reports), (2) clarifies the 
time as well as place of the outbreak, (3) reports an outbreak of variola major (not variola 
minor) and (4) explicitly defines and describes either of the outcomes as one of the major 
topics of discussion. All selected publications were retrospective studies based on 
epidemiologic observations of outbreaks. 

 
 

Statistical Analysis 
 
Since crude case fatalities and frequencies of miscarriage and premature birth could be 

biased by several serious underlying factors, i.e., vaccination and progress in obstetrics and 
medicine on a whole, the heterogeneity of which cannot be methodologically adjusted, 
interpretation of the obtained findings after combination of the data following statistical 
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adjustment was deemed inappropriate in this study. Thus, the data analysis did not follow 
usual methods of meta-analysis for estimation of combined case fatality and the proportion of 
miscarriage and premature birth. Rather, the outcomes, except overall crude estimates, were 
investigated by each publication where possible. Both outcomes were then stratified by (1) 
gestational period at onset of smallpox (3 months precision), (2) clinical classification of 
smallpox and (3) vaccination history. The frequency of miscarriage and premature birth was 
also stratified by clinical stage of smallpox (dates after onset of fever), and comparisons of 
the outcome were made according to prior history of miscarriage and delivery. Case fatality 
was also compared between non-pregnant and pregnant individuals using univariate analysis. 
The χ2 and Fisher’s exact tests were used to evaluate univariate associations. Confidence 
intervals (CI) for a proportion, p, were obtained using the standard error, (1 )p p

N
− , where N 

is the sample size. Statistical data were analysed using the statistical software JMP IN ver. 5.1 
(SAS Institute Inc., Cary, NC). 

 
 

Results 
 

Identification of Previous Studies 
 
A total of 19 outbreaks were identified from historical records [7,22-35], and of these, 16 

and 15 enabled estimation of the case fatality and the proportion of miscarriage and 
premature birth, respectively (Figure 1). The original reports were written in Dutch, English, 
French, German and Italian. Half originated from a review article published in 1932 [20]. 
Thirteen literatures were firstly excluded: 8 were clinical case reports [36-43], one did not 
clarify time and place of the outbreak and showed the exactly same number of cases and 
deaths in another literature included for analysis [44], 2 were variola minor outbreaks 
[16,19], and the remaining 2 were review papers that did not provide the outcomes [45,46] 
(Figure 1). Further, a relatively recent study by Dixon in Tripolitania was also excluded 
because only approximate case fatalities (40% and 11% for pregnant and non-pregnant cases, 
respectively) were given [9]. Consequently, 368 deaths from a total of 1074 pregnant cases 
(Figure 2a) and 331 miscarriages or premature births from a total of 830 pregnant cases 
(Figure 2b) were identified. Accordingly, the mean number of smallpox deaths among a mean 
of 63.2 (standard deviation (SD) = 74.0; median = 36.5) pregnant cases was 21.6 (SD= 26.0; 
median = 13.5), while the mean number of miscarriages and premature births among a mean 
of 55.3 (SD = 61.4; median = 28.0) pregnant cases was 22.1 (SD = 19.1; median = 14.0). The 
raw data used for obtaining crude estimates are shown in Figure 2. Since individual case 
records were provided for the outbreaks in Philadelphia [25], Paris [33] and New South 
Wales [34], these data are also provided anonymously as supplementary material in the 
original publication (www.cdc.gov/ncidod/EID/vol12no07/05-1531.htm). Four individuals in 
the New South Wales report [34] were excluded from the following analyses because they 
contracted smallpox after delivery. 
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a) Case fatality and b) the proportion of miscarriage and premature birth are shown. Miscarriage and 

premature birth prior to maternal death are included. 

Figure 2. Maternal outcomes in pregnancies complicated by smallpox, from data from the 19th and 
early 20th century outbreaks. 

 
Case Fatality 

 
Figure 2a shows the distribution of case fatalities for each outbreak estimated with 

corresponding 95% CI. Without adjustment for background characteristics, case fatalities 
varied widely among outbreaks: the earliest outbreak in 1830 (before compulsory vaccination 
practice) yielded the highest estimate (81.5%), while the outbreak in New South Wales in 
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1913 the lowest (4.3%). The overall crude case fatality was estimated to be 34.3% (95% CI; 
31.4, 37.1). Case fatalities stratified by gestational age at onset of smallpox are given in 
Table 1a. Only four studies enabled stratification, and of these, only one, Rao’s work [7] 
provided case fatalities by monthly intervals. Consequently, the results shown in the table are 
stratified by 3-month intervals of gestation following the remaining three studies. Despite the 
difficulty in direct comparisons due to the small sample sizes for each outbreak, case fatality 
showed the highest estimate during the third trimester except Queirel’s study that was 
accompanied by scarcity of cases [33]. Table 2a shows case fatality stratified by the clinical 
classification of smallpox. Although Rao additionally took into account the speed of rash 
spread in his original clinical classifications, this was ignored and only the extent of rash on 
the patients’ body was used for comparisons of severity (for details of Rao’s classifications, 
see his original literature and review [7,14]). Whereas all hemorrhagic cases resulted in 
death, cases without a rash (variola sine eruptione, VSE) were not fatal. 

Table 3a compares case fatality among pregnant and non-pregnant smallpox cases. 
Whereas case fatality was not significantly higher among pregnant cases than non-pregnant 
cases in Rotterdam (p = 0.33), where many VSE cases were observed (Table 2a), the risks of 
a fatal outcome among pregnant cases in Berlin and Madras were 2.5 and 4.2 times higher 
than that among non-pregnant cases (p < 0.01 for each). 

 
Table 1. (a) Case fatality, and (b) miscarriage and premature birth among pregnant 

women with smallpox, by gestational period, from data from 19th and early 20th 
century outbreaks 

 
a) 0-3 months 4-6 months 7-9 months 
Reference D/C† CF (95% CI) ‡ D/C CF (95% CI) D/C CF (95% CI) 
Meyer [24] 
1868-72 3/33 9.0 (0.0, 18.9) 11/33 33.3 (17.2, 49.4) 8/10 80.0 (55.2, 100.0) 
Welch [25], 1878 4/12 33.3 (6.7, 60.0) 4/22 18.2 (2.1, 34.3) 6/12 50.0 (21.7, 78.3) 
Queirel [33], 1906 2/4 50.0 (1.0, 99.0) 7/10 14.5 (41.6, 98.4) 1/5 17.9 (0.0, 55.1) 
Rao [7], 1959-62 7/21 33.3 (13.2, 53.5) 16/65 24.6 (14.1, 35.1) 34/94 36.2 (26.5, 45.9) 
Total 16/70 22.9 (2.3, 43.4) 38/130 29.2 (14.8, 43.7) 49/121 40.5 (26.8, 54.2) 
b) 0-3 months 4-6 months 7-9 months 
Reference L/C¶ PL (95% CI) $ L/C PL (95% CI) L/C PL (95% CI) 
Meyer [24],  
1868-72 7/33 21.2 (7.3, 35.1) 16/33 48.5 (31.5, 65.4) 8/10 80.0 (55.3, 100.0) 
Welch[25], 1878 8/12 66.7 (40.1, 93.2) 9/22 40.9 (20.5, 61.3) 10/12 83.3 (62.4, 100.0) 
Queirel [33], 1906 3/4 75.0 (32.8, 100.0) 8/10 80.0 (55.3, 100.0) 0/5 0 (NC¶) 
Robertson [34], 
1913 1/2 50.0 (0.0, 100.0) 6/9 66.7 (36.0, 97.3) 1/12 8.3 (0.0, 23.9) 
Rao [7], 1959-62 10/21 47.6 (26.4, 68.9) 16/65 24.6 (14.2, 35.0) 41/94 43.6 (33.6, 53.6) 
Total 29/72 40.3 (29.0, 51.5) 55/139 39.6 (31.5, 47.7) 60/133 45.1 (36.7, 53.5) 

†D/C, Smallpox deaths/cases; ‡CF, Case fatality with corresponding 95% confidence interval; ¶L/C, 
Miscarriage or premature birth / cases; $PL, Proportion of miscarriage and premature birth with 
corresponding 95% confidence interval; ¶NC, Not calculable. 



 

Table 2. (a) Case fatality, and (b) miscarriage and premature birth among pregnant women with smallpox by clinical types of Variola 
major, from data from 19th and early 20th century outbreaks 

 
a) Hemorrhagic Confluent Discrete VSE 

Reference D/C† CF (95% CI) ‡ D/C CF (95% CI) D/C CF (95% CI) D/C CF (95% CI) 

Meyer [24], 1868-72 13/13 100.0 (NC¶) 9/26 34.6 (16.3, 52.9)   0/37 0.0 (NC) 
Sangregorio [28], 1887 3/3 100.0 (NC) 20/22 90.9 (78.9, 100.0) 3/40 7.5 (0.0, 15.7) 0/7 0.0 (NC) 
van der Willigen [30], 1893-94 6/6 100.0 (NC) 4/4 100.0 (NC) 2/10 20.0 (0.0, 44.8) 0/60 0.0 (NC) 
Charpentier [31], 1898 13/13 100.0 (NC) 17/34 50.0 (33.2, 66.80 4/45 8.9 (0.6, 17.2)   
Queirel [33], 1906 8/8 100.0 (NC) 2/3 66.7 (13.3, 100.0) 0/8 0.0 (NC)   
Rao [7], 1959-62 14/14 100.0 (NC) 12/32 37.5 (20.7, 54.3) 0/48 0.0 (NC)   

b) Hemorrhagic Confluent Discrete VSE 

Reference L/C¶ PL (95% CI) $ L/C PL (95% CI) L/C PL (95% CI) L/C PL (95% CI) 

Meyer [24], 1868-72 13/13 100.0 (NC) 14/26 53.8 (34.7, 73.0)   4/37 10.8 (0.8, 20.8) 
Sangregorio [28], 1887 3/3 100.0 (NC) 17/22 77.3 (59.8, 94.8) 10/40 25.0 (11.6, 38.4) 1/7 14.3 (0.0, 40.2) 
Charpentier [31], 1898 13/13 100.0 (NC) 18/34 52.9 (36.2, 69.7) 9/45 20.0 (8.3, 31.7)   
Queirel [33], 1906 8/8 100.0 (NC) 3/3 100.0 (NC) 0/8 0.0 (NC)   

Hemorrhagic (widespread hemorrhages in the skin and mucous membranes); Confluent (confluent rash on the face and arms); Discrete (areas of normal skin 
visible between pustules, even on the face); and VSE (Variola sine eruptione: fever without rash caused by variola virus. Also known as varioloid) [14]. 

†D/C, Smallpox deaths/cases; ‡CF, Case fatality with corresponding 95% confidence interval; ¶L/C, Miscarriage or premature birth /cases; 
$PL, Proportion of miscarriage or premature birth with corresponding 95% confidence interval; ¶NC, Not calculable. 
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Table 3. Comparison of the frequency of death in pregnant and non-pregnant cases, by 
vaccination history, from data from 19th and early 20th century outbreaks 

 
a) Non-pregnant Pregnant 
Reference Cases Deaths Cases Deaths 

p-value† OR (95% CI) ‡ 

Meyer [24], 1868-72 1116 163 76 23 < 0.01 2.5 (1.5, 4.3) 
van der Willigen30, 1893-94 352 39 80 12 0.33 1.4 (0.7, 2.8) 
Rao [7], 1959-62 348 29 94 26 < 0.01 4.2 (2.3, 7.6) 
b) Non-pregnant Pregnant 

Reference Cases 
Hemorrhagi
c Cases Hemorrhagic

p-value† OR (95% CI)¶ 

van der Willigen30, 1893-94 352 11 80 6 0.07 2.5 (0.9, 7.0) 
Rao7, 1959-62 348 13 94 14 < 0.01 4.5 (2.0, 10.0) 
c) Unvaccinated Vaccinated 
Reference Cases Deaths Cases Deaths 

p-value† OR (95% CI) $ 

Welch25, 1878 7 7 39 7 < 0.01 NC¶ 
van der Willigen30, 1893-94 2 2 78 10 0.02 NC 
Rao7, 1959-62 12 9 82 17 < 0.01 11.5 (2.8, 47.1) 

a) Fatality and b) severity stratified by pregnant and non-pregnant cases, and c) fatality among pregnant 
cases stratified by vaccination. †Two-sided; ‡Odds ratio of smallpox deaths and ¶odds ratio of 
hemorrhagic smallpox among pregnant women with corresponding 95% confidence intervals; 
$Odds ratio of smallpox deaths among unvaccinated cases; ¶NC, Not calculable. 
 
Table 3b confirms that the difference in case fatality partly reflects the proportion of 

hemorrhagic cases. Comparisons between vaccinated and unvaccinated pregnant cases were 
also performed to assess whether vaccinated cases are protected, albeit even partially, from a 
fatal outcome (Table 3c). The risk of smallpox death was significantly higher among 
unvaccinated cases in these three outbreaks (p < 0.01, p = 0.02 and p < 0.01, respectively). 

 
 

Miscarriage and Premature Birth 
 
Crude proportions of miscarriage and premature birth are given in Figure 2b with 

corresponding 95% CI. No publication, except Rao’s [7], explicitly distinguished between 
miscarriage and premature birth; in other words, in most studies they are described together. 
The overall crude proportion of miscarriage and premature birth was estimated to be 39.9% 
(95% CI; 36.5, 43.2). Five outbreaks allowed stratification by gestational period at onset of 
smallpox (Table 1b). The overall proportion of premature birth was highest during the last 3 
months of pregnancy, but the frequency of miscarriage and premature birth did not show a 
clear localised pattern according to gestational period. The proportion of miscarriage and 
premature birth is stratified by severity of smallpox in Table 2b. All hemorrhagic cases given 
here resulted in either miscarriage or premature birth prior to the mother’s death. It should be 
noted that even mild cases, those classified as discrete type and VSE, tended to result in 
miscarriage or premature birth. 

Only the outbreak in Philadelphia in 1878 [25] allowed comparison between vaccinated 
and unvaccinated pregnant cases. Twenty-two (56.4%) and five (71.4%) cases experienced 
miscarriage or premature birth among 39 vaccinated and 7 unvaccinated cases, respectively, 
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suggesting that in Philadelphia vaccination did not provide significant protection against 
either outcome (p = 0.68, odds ratio (OR) of miscarriage or premature birth while vaccinated 
= 0.5, 95% CI; 0.1, 3.0). Table 4 shows the frequency of miscarriage or premature birth by 
clinical stage of smallpox among a total of 27 cases in Philadelphia in 1878 [25]; all 
experienced miscarriage or premature birth at the given date of the illness. Fourteen cases 
(51.9%) experienced miscarriage or premature birth within 5 days after appearance of a rash, 
while the frequency among the remainder showed a long-tailed distribution. 

 
Table 4. Frequency of miscarriage or premature birth with smallpox by clinical stage of 

symptoms in Philadelphia, 1878 (n = 27)† 
 

Stage of illness N 
Prodromal period 1 
Eruption day 1 4 
Day 2 2 
Day 3 3 
Day 4 2 
Day 5 2 
Days 6-10 1 
Days 11-20 1 
Days 21-30 3 
Day 31 onwards 3 
No precise description 5 
Total 27 

†Frequencies were obtained from the records of ref.25. 
 
Comparison of the outcomes by previous experience of miscarriage could only be 

performed for the outbreak in New South Wales in 1913 [35]. Two out of 3 (66.7%) cases 
with no experience and 6 out of 20 (30%) cases with previous experience of miscarriage 
resulted in miscarriage or premature birth, but this difference was not significant (p = 0.27, 
OR of miscarriage or premature birth among those with a previous experience of miscarriage 
= 4.7, 95% CI; 0.4, 61.8). Comparison by previous experience of normal delivery (primipara 
or multipara) could only be performed based on the outbreak in Rotterdam from 1893-94 
[30]. Of 21 primipara and 53 multipara cases, 10 (47.6%) and 18 (34.0%) resulted in 
miscarriage or premature birth, respectively, suggesting that the frequency of the outcomes 
was not significantly influenced by previous delivery (p = 0.30, OR of miscarriage or 
premature birth among primipara cases = 1.8, 95% CI; 0.6, 4.9). 

 
 

Conclusion 
 
This chapter investigated the maternal outcomes of pregnancy with smallpox based on 

historical records. Estimates of the overall crude case fatality and proportion of miscarriage 
and premature birth were extremely high. Whereas case fatality was highest during the third 
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trimester, the frequency of miscarriage and premature birth did not show a clear localised 
pattern according to gestation stage. With regard to the clinical classifications, hemorrhagic 
type showed a hopeless prognosis in all investigated outbreaks. Although fatal outcomes 
were very rare among mild types, miscarriage and premature birth were frequently observed. 
The outbreaks in Berlin and Madras confirmed that case fatality is higher among pregnant 
cases than non-pregnant cases, and the overall case fatality based on 16 outbreaks was rather 
high compared to that of the total population [47]. In contrast, no significant difference in 
case fatality between pregnant and non-pregnant cases was observed in the Rotterdam 
outbreak, mainly because of the high proportion of cases classified as VSE. Even after 
infection, vaccination prior to pregnancy appeared to reduce the risk of death effectively in 
three outbreaks. It is worth noting that the outbreak in 1830, before the introduction of 
compulsory vaccination programme, yielded the highest estimate of case fatality [30]. 
Analyses of miscarriage and premature birth in relation to vaccination status and previous 
experiences of miscarriage and delivery could only be conducted with one respective 
outbreak each. Although it is difficult to draw conclusions with a limited number of cases and 
single method, univariate analyses showed that miscarriage and premature birth were not 
significantly associated with these factors. No association between vaccination and 
miscarriage and premature birth was supported since the outcomes were observed even 
among mild cases. In Philadelphia, more than half the miscarriages and premature births were 
observed within the first 5 days after appearance of a rash. 

Since the smallpox vaccination was effective in general and previous efforts achieved 
global eradication [1], outbreak sizes have been limited since the mid-20th century, and thus, 
only historical analyses allow epidemiologic clarification of maternal outcomes. This study 
improved our understanding of smallpox in pregnancy, in addition to the findings of Rao [7], 
highlighting the following: (1) case fatality was highest during the last 3 months of gestation, 
but the patterns of occurrence of miscarriage and premature birth were not clearly localised 
by gestational stage; (2) even mild cases were at high risk of miscarriage and premature birth; 
and (3) miscarriage and premature birth were not significantly associated with vaccination 
history and previous experiences of miscarriage and delivery. Consequently, it might be 
difficult to prevent cases from miscarriage and premature birth using vaccination only. 

A few specific limitations of this study must be addressed. The first one is related to the 
underdiagnosis of pregnancy especially in the early gestational ages [48]. The definition of 
pregnancy-related deaths is still difficult to grasp the reality even in present days [49]. 
Whereas this could have led to overestimation of miscarriage, case fatality may hardly be 
influenced by this factor when the sample size is sufficiently large. Second, it is possible that 
waning vaccine-induced immunity also played a role. In addition to all-or-nothing effect 
(protection against disease) which may last for a few decades after vaccination [13,50,51], 
long-lasting residual protection (partial protection against smallpox death), which is thought 
to be sustained for some 50 years [51-53], could also be affected by pregnancy. The 
ignorance of time since successful vaccination could also partly explain why no significant 
difference in fatality between pregnant and non-pregnant cases was found in the Rotterdam 
outbreak. Third, regarding the validity of the statistical data, it should be noted that some of 
the earliest epidemiologic studies were performed prior to maturation of both the 
epidemiologic and statistical methods used in current epidemiological observations [54,55]. 
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For example, technical problems arise when epidemiologic interpretation is needed: (1) 
adjustment of confounding variables was extremely difficult, and I refrained from performing 
further stratification for adjustment or multivariate analysis using the limited number of 
cases, and (2) the cases classified as VSE shown here did not follow virological confirmation, 
and diagnosis of this type was made mainly based on the trace of probable contacts. 
Nevertheless, other types of variola major can be confidently diagnosed compared to other 
infectious diseases, and thus, historical records still remain a useful tool as long as the 
literature appropriately documents the necessary data. This study was motivated by the 
relatively high reliability of diagnosis and determination of both fatality as well as 
miscarriage and premature birth, obvious events compared to fetal vaccinia, which is 
extremely difficult to diagnose, and neonatal outcomes, which could be rather biased by 
progress in neonatology and medicine on a whole. Although it was difficult to follow formal 
methods of meta-analysis and show combined estimates of the determined maternal outcomes 
with adjustment, this study successfully confirmed that smallpox is more severe with 
pregnancy, characterising several important features of the maternal outcomes. 

Although it is well known that pregnant individuals are at higher risk of fatal and severe 
outcomes in several viral infections due to immune suppression [56,57], the actual biological 
mechanisms in smallpox have yet to be clarified, and the only fact known with certainty is 
that prior vaccination offers less protection to pregnant individuals than others [58]. 
However, it should be emphasised that vaccination might offer at least partial protection 
among pregnant cases; this study confirmed that the conditional probability of smallpox 
fatality (given infection) was lower among vaccinated pregnant cases. This finding implies 
that case fatality in the event of a bioterrorist attack could be lowered with vaccination prior 
to pregnancy and prior to the attack. This issue should be discussed further in the future, 
especially with regard to preparedness planning. In conclusion, given the notorious and 
extremely severe outcomes of smallpox in pregnancy in addition to the requirements of 
detailed stratification, I believe this chapter partly satisfies the needs to summarise the 
common patterns of maternal outcomes in pregnancy with smallpox. 
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Abstract 
 

Chicken pox infection is a common viral infection. Fever with skin abnormality is 
the common presentation. Pregnant women in areas with poor hygienic conditions can 
become infected and can develop many signs and symptoms. In this chapter, the author 
will focus on chicken pox infection in pregnancy. Important reports are reviewed and 
presented. 
 
 

Introduction to Chicken Pox Infection 
 
Chicken pox infection is a common viral infection that presents a serious threat in 

tropical countries. Since it is a viral infection, the disease is an important member of the 
group of highly contagious diseases. This viral infection is classified as an infection with skin 
manifestation. Contact with infected patients is the main risk and cause of infection. This 
infection is common in tropical countries, as previously mentioned. However, it can be seen 
around the world [1]. A wide spectrum of diseases caused by this virus affects humans today 
and its incidence has persisted in many countries for decades [1]. Due in part to population 
growth and uncontrolled urbanization in tropical countries, contact with infected cases 
becomes easier, and successful control of this viral infection has still not been successful. In 
the presence of a safe and effective mass immunization, the best prevention and control of 
chicken pox depends upon the vaccination program. Chicken pox infection is a major cause 
of infantile fever with skin manifestation in tropical regions. The classic discrete skin lesion 
looking like clear vesicle in a moist heat wound brings the name “Sook Sai” in Southeast 
Asia, which means “moist burnt clear vesicle”. 
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Clinical Manifestation of Chicken Pox 
 
Chicken pox is a viral infection with chicken pox virus producing a spectrum of clinical 

illnesses with a prominent skin manifestation [2–3]. 
The chicken pox virus is the same as varicella-zoster virus (VZV), which is a herpesvirus 

[4]. This virus is responsible for two distinct clinical disorders: primary varicella 
(chickenpox) and zoster (shingles) [4]. Primary varicella is a common pediatric disease that 
presents as pruritic macules, papules, vesicles, pustules, and crusts, usually on the back, 
chest, face, and abdomen [4]. In generally immunocompetent healthy infected children, 
chickenpox is usually a mild disease with little morbidity and rare mortality; however, 
primary varicella is associated with more morbidity in adults [4]. The chicken pox virus is a 
member of enveloped alpha herpesviruses and can cause highly contagious airborne 
infections. Even careful hygienic measures in the hospital can hardly prevent the spread of 
infections, and such infections may be severe and lethal for newborns [5]. Both the primary 
disease and the secondary reactivation—shingles—can bring complications, both in the form 
of serious effects on organs by the virus itself, and through secondary bacterial infections 
owing to temporary immune deficiency [6]. For natural history, the virus has a respiratory 
port of entry [7]. After two successive viremias, it reaches the skin, where it causes typical 
lesions, and it then penetrates the peripheral nervous system and it remains latent in dorsal 
root ganglia [7]. Structurally, the virion has a nucleocapsid surrounding a core that contains 
the linear, double-stranded DNA genome; a protein tegument separates the capsid from the 
lipid envelope, which incorporates the major viral glycoproteins [8]. It is noted for relatively 
frequent complications which include secondary bacterial skin infections, pneumonitis, 
complications affecting the central nervous system, and hepatitis [6]. Herpes zoster, caused 
by viral reactivation, is a localized, painful vesicular rash involving one or adjacent 
dermatomes [8]. The incidence of herpes zoster usually increases with age or 
immunosuppression [8]. In the era of acquired immunodeficiency virus (AIDS), the 
reoccurrence of herpes zoster is classified as a clue for further workup of AIDS. 

 
 

Chicken Pox in Pregnancy 
 
Pregnant women in nonendemic regions of chicken pox infection can become infected 

and can develop signs and symptoms of primary infection of this virus; most pregnant women 
in endemic areas usually acquire a primary infection, since they are still in the childhood 
period. In this chapter, the author will focus on chicken pox infection in pregnancy, 
especially for the pattern of hematological disturbance. 

 
 

A. General Concern 
 
Besides simple transmission by respiratory contact, there are other ways of simple 

transmission for chicken pox infection that can be seen in clinical practice. Some pregnant 
women can also be susceptible to chicken pox virus and if they acquire the infection, vertical 
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transmission of the virus to their child can be possible. Intrapartum infection is an interesting 
obstetric infection. There are some prior reports on this kind of intrapartum viral infection. 
With regard to the clinical presentation of the affected pregnant subjects, a clinical 
presentation similar to that of the general population can be seen. Of interest, intrapartum 
complications were also dependant on postpartum complications. Moreover, it seems that 
clinical complications did not relate to the method of delivery. Confirmation of intrapartum 
chicken pox infection is generally delayed due to the long turnaround time of the serological 
test. However, a correct diagnosis of chicken pox infection can be performed initially in most 
cases due the classical skin appearance in this disease. Nevertheless, the presumed diagnosis 
is generally made with a history of contact, high fever and typical skin rash. Truly, in 
nonendemic areas of chicken pox virus infection, the diagnosis of chicken pox should be rare 
in pregnancy because most pregnant women should be past the age of primary infection. 
When a high fever is suspected in a pregnant woman, laboratory investigation and prolonged 
observation of newborn are advised. 

Transmission of chicken pox infection to neonates has been confirmed. Neonatal chicken 
pox is considered a serious disorder. Considering the nanostructure level for an explanation 
of vertical transmission, physiologically, the placental barrier, composed of fetal endothelium 
and the syncytiotrophoblast and their fused basal laminae, plays important protective role, 
and maternal blood bathes the syncytiotrophoblast only. In the case of dengue virus infection, 
the virus is smaller in size than the placental filter (placental barrier pore size is equal to 10 
nm [9]) and this allows vertical transmission. However, an important note is that viremia in 
the mother must be present close to the time of labor, which can allow the virus to infect the 
infant. It can be concluded that if a pregnant mother contracts the disease, is bitten by a 
contaminated vector, and develops viremia in the week before term, this mother has a high 
risk for developing dengue infection in pregnancy and can pass the infection to her term 
infant in utero, which can bring a vertical transmission and a case of neonatal dengue. 

 
 

B. Clinical Pattern of Pregnant Women with Chicken Pox Infection 
 
In nonendemic regions, some pregnant women may also be susceptible to chicken pox. 

Increased cases of chicken pox infection in pregnancy can be expected due to the increasing 
incidence during adulthood. Good sanitatary conditions that prevent childhood infection can 
be the clue to this new finding. For pregnant women with chicken pox, clinical symptoms are 
high fever and generalized vesicle eruptions [10]. During the first trimester, primary chicken 
pox infection may result in stillbirth or a baby born with congenital varicella syndrome, while 
infection in the peripartum period can result in neonatal chicken pox, which carries a very 
high mortality rate despite appropriate antiviral therapy [11]. Chicken pox in pregnant 
women can progress to pneumonitis and other severe sequelae that may also compromise the 
viability of the fetus in utero [11]. For infected pregnant women with severe pneumonitis, 
treatment in an intensive care unit with ventilatory support is suggested. An exposure to 
chicken pox most commonly occurs in the community or from children in the household, but 
occasionally, exposure may occur in the hospital environment during the antenatal visit to the 
physician at the hospital [11]. Daley et al. proposed that detection for serostatus prior to 
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pregnancy is useful because an effective vaccine is available and can be administered to non-
pregnant seronegative women of child-bearing age [11]. It has also been shown that infection 
during the second or third trimester of pregnancy may have serious consequences for infants 
[12]. Gidia et al. said that it was necessary to clarify previous disease in the history of every 
woman before their planned pregnancy, and it was also necessary to recommend the 
administration of a varicella vaccine before conception in cases of negative or unsure history 
[13]. Manten et al. recommended that if a pregnant woman without a prior history of 
infection was exposed to a patient with chicken pox, passive immunisation with varicella-
zoster immunoglobulin should be administered, and this protocol helps reduce the risk of 
maternal complications and prevent fetal varicella syndrome [14]. For confirmation of fetal 
infection, prenatal diagnosis can be confirmed by serology and fetal damage by 
ultrasonography [15]. In fetal death in utero, autopsy of the fetus usually shows multiorgan 
manifestation with disseminated foci of necrosis and microcalcifications, encephalitis and 
unilateral segmental skin scarring with an underlying hypoplastic fixed lower limb, and the 
placenta usually shows a multifocal chronic villitis with multinucleated giant cells [15]. 

 
 

C. Treatment for Chicken Pox Infection in Pregnancy 
 
Chicken pox infection in pregnant women can result in severe maternal illness, and it is 

five times more likely to be fatal than in non-pregnant women [16]. Although most women 
who have chicken pox in pregnancy give birth to healthy children, in other cases the baby is 
affected by in-utero infection or severe infection of the newborn [16]. Treatment of chicken 
pox infection should be based on the severity of the infection. The concept of treatment is 
similar to other infections: eliminating the pathogen or control of the infection and supportive 
or symptomatic treatment. In chicken pox infection, a specific antiviral drug for chicken pox 
virus is available at present. There are some recent reports on possible antiviral drugs for 
chicken pox virus infection. Intravenous acyclovir is recommended for severe maternal 
pneumonia and severely affected neonates; however, no controlled study has yet evaluated 
the effectiveness of acyclovir or valacyclovir for postexposure prophylaxis to pregnant 
women or neonates [17]. A more useful protocol is the administration of immunoglobulin, as 
previously mentioned. Tan and Koren recommended that varicella-zoster immune globulin 
(VZIG) should be administered as soon as possible, preferably within 96 hours from 
exposure, to prevent maternal infection or subsequent complications [17]. 

 
 

D. Neonatal Chicken Pox 
 
Generally, the risk for fetal disease is low (1%) [13]. Usually, the neonatal blood IgM 

against varicella-zoster virus is negative. However, newborns of infected pregnant women 
should be given varicella-zoster immunoglobulin within 24 hours and isolated in a neonatal 
care unit. Despite this protocol if the baby still develops skin lesions post delivery, 
intravenous acyclovir should be administered for seven days [10]. 
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It can be observed that neonatal varicella is more severe if a maternal rash appears five 
days prior to or two days after delivery [17]. 

 
 

E. Chicken Pox Vaccination and Pregnancy 
 
It is recommended that pre-pregnancy chicken pox vaccination should be administered in 

cases without a history of primary infection. There are many reports on the usefulness of pre-
pregnancy vaccine. For example, Plans et al. showed that a varicella-zoster vaccination 
programme aimed at women of childbearing age could be necessary in Catalonia to prevent 
all varicella-zoster infections during pregnancy [18]. Talukder et al. reported that women 
arriving in the United Kingdom in adulthood should be screened routinely during pregnancy, 
and vaccination should be offered postpartum if they were susceptible [19]. Watson et al. 
noted that a self-reported history of varicella seemed to be a strong predictor of VZV IgG 
antibodies in pregnant women; however, negative or uncertain histories were poorly 
predictive of negative serostatus [20]. In pregnant women, the vaccine may be used for 
postexposure prophylaxis, and is most effective if given within three days after exposure, but 
can be used up to five days from exposure [21]. For a postpartum scenario, there is no 
evidence of varicella vaccine virus excretion in breast milk; therefore, it can be suggested 
that postpartum vaccination of varicella-susceptible women need not be delayed because of 
breastfeeding [22]. 
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