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  Pref ace   

 The idea of a book focusing on the infectious diseases and assisted 
reproductive technologies (ART) was born 3 years ago because 
reproductive assistance in subjects infected with blood viruses is 
still a complex issue. When we sat down to plan the first edition 
of this book, we were determined to make it innovative, compre-
hensive and accessible. We contacted the most important research-
ers in infectious diseases and ART in the world, and we asked 
them if they would be interested in participating in this project. 

 The infectious diseases involved in ART are various, but we 
decided to concentrate our attention on only some of them, and 
we chose the viral infections. Viral infections are the most inter-
esting infections because the viruses are changeable, unpredict-
able, and most are untreatable. The word  virus  has a much longer 
history than the study of what we now call by that name. It 
comes directly from the Latin  virus , a term meaning, “poison, 
sap of plants, slimy liquid”. Its earliest known use in English to 
denote a disease-causing agent was in 1728, although for the rest 
of the eighteenth century, throughout the nineteenth and for sev-
eral decades beyond, there was no clear distinction between 
virus as a vague term, applicable to any infectious microbe, and 
the very particular group of entities we know as viruses today. 
Moreover, some viruses create chronic infectious diseases: the 
most important are human immunodeficiency virus-1 (HIV-1), 
hepatitis C virus (HCV) and hepatitis B virus (HBV) infections. 
All of these chronic infections are ubiquitous and very danger-
ous because each of these viruses can lead to a widespread 
 outbreak. Some outbreaks of viral disease quickly escalate, 
depending on viral transmissibility and virulence. These are the 
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crucial parameters. For the blood-borne viruses, transmission is 
more complicated than for other types of virus. Generally, it 
depends on a third party: a vector. The viruses have to replicate 
in the blood of the host to produce severe viraemia. The vec-
tor—an insect, for example—must arrive for a meal, bite the 
host, slurp up the virions along with the blood, and carry them 
away. The yellow fever virus transmits this way. However, 
blood-borne viruses can also spread to new hosts by way of 
needles. Ebola, HIV and HCV, three viruses of very different 
characters and very different adaptive strategies, all happen to 
move well via needles. Sexual transmission is a good scheme for 
viruses with a low degree of hardiness in the external environ-
ment. Transmission during coitus is a conservative strategy, 
avoiding the risk of air or sun contact. Whatever the case, the 
sexually transmitted viruses tend towards patience. They cause 
persistent infections and endure long periods of latency (e.g. the 
herpes virus), or they replicate slowly (as with HIV and HBV). 

 In the last few years, clinicians have learned to treat an HIV 
infection with drugs, an HBV infection with a vaccine, an HVC 
infection with some drugs, and this situation has opened the door 
for the patient’s desire to have children. Even in the presence of a 
chronic infection, or probably because the infection is chronic and 
well controlled, people need to have progeny. For this reason, 
clinicians have to address the patient’s requests regarding preg-
nancies, and they have to try to save pregnancies and newborn 
babies. HBV infection seems to have minor relevance because a 
vaccine is available, but in the very near future the HBV virus will 
be able to change; if that happens, clinicians will be able to assist 
their infected patients. For the HIV virus, we have to consider that 
three quarters of individuals infected with it are in their reproduc-
tive years and may consider pregnancy planning. Techniques have 
been developed that can minimise the risk of HIV transmission in 
these couples, and ART  programmes should be integrated into 
global public health services against HIV. 

 Regarding the HCV virus, the debate on HCV-discordant cou-
ples requiring ART is still open. Sexual transmission of HCV is a 
controversial issue, whereas the presence of the virus in the sperm 
has already been demonstrated. In ART, HCV transmission raises 
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some questions. One of these is that specific guidelines regarding 
the behaviour of physicians in reproductive medicine have not yet 
been established. Thus, this book will try to answer many of the 
questions about these issues, obtaining a picture of the biological 
aspects of HIV, HCV and HBV infections and the real data pre-
sented in the literature regarding reproductive aspects in their 
presence. Finally, there is a chapter discussing the reproductive 
possibilities in poorer countries in Africa and South America, 
where these infectious diseases are more prevalent. 

 It is our hope that this resource will be of assistance to physi-
cians and scientists engaged in this exciting field of medicine.  

  Bologna, Italy     Andrea     Borini    
 Milan, Italy      Valeria     Savasi     
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          Introduction 

 Every year, men and women infected with human immunodefi-
ciency virus (HIV), hepatitis B (HBV) and hepatitis C (HCV) 
alone or with a combination of any of these infections consult their 
physician or gynaecologist because they are considering having 
offspring. Often, they have questions about whether the infection 
they have or the medication they are taking to control the infection 
is affecting their fertility status. 

 Couples living with HIV, HBV or HCV may have an increased 
need for assisted reproductive techniques ( ART           ) to prevent trans-
mission of the virus, and fertility screening has identified a high 
incidence of male and tubal factor subfertility among couples liv-
ing with HIV, HBV and/or HCV [ 1 ]. 

 The risk of sexual  transmission         is different for the three viruses. 
For HIV and HCV the main goal of treatment is often to reduce the 
transmission risks, but for HBV it is infertility treatment, as sexual 

    Chapter 1   
 The Impact of Human 
Immunodeficiency 
Virus (HIV) and Hepatitis B Virus 
(HBV) and Hepatitis C Virus (HCV) 
on Male and Female Fertility                     

     Elisabeth     van     Leeuwen     

        E.   van   Leeuwen ,  MD, PhD      (�) 
  Department of Obstetrics and Gynecology ,  Academic Medical Center , 
  Meibergdreef 9, Room H4-274 ,  Amsterdam   1105 AZ ,  The Netherlands   
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partners can be vaccinated against HBV. Table  1.1  displays the dif-
ferent primary indications for  ART            for the different types of viral 
infections. Figure  1.1  displays the possible transmission of viruses 
in ART.  Horizontal transmission         is infection of a partner,  vertical 
transmission         is infection of a child by the mother and  diagonal 
transmission         is the unproven concept of transmission of a virus 
from a father to a child, via the germ cells in, for instance, intracy-
toplasmic sperm injection (ICSI).

    In this chapter, the current knowledge on the impact of HIV, 
HBV and HCV on male and female fertility is summarised and the 
available evidence on the effects on fertility of different kinds of 
therapy used to treat these infections is reviewed.  

    HIV  and Semen Parameters   

  The HIV is spread via sexual contact, via the blood (products) and 
via vertical transmission. During an infection with HIV the number 
of CD4-positive lymphocytes, essential for cellular immunity, 
decreases and immunity against viruses and bacteria is reduced. 
Diseases that do not spread among people with normal immunity, 

   Table 1.1    Indications for assisted reproductive techniques ( ART              )   

 HIV  HBV  HCV 
 Man 
negative 

 Subfertility  Subfertility  Subfertility 

 Woman 
positive 

 Man 
positive 

 Prevent transmission  Subfertility  Prevent 
transmission 

 Woman 
negative 

 Subfertility  Subfertility 

 Both 
partners 
infected 

 Subfertility, indication 
for ART when there is 
a risk of superinfection 
with resistant virus 

 Subfertility  Subfertility 

E. van Leeuwen
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the so-called opportunistic infections, can occur. This is known as 
acquired immunodeficiency syndrome (AIDS). 

 Unfortunately, at present, there is neither a cure nor a vaccina-
tion for HIV, and none is expected in the near future. The treatment 
of HIV consists of three antiviral agents, the so- called combination 
antiretroviral therapy (cART). The goal of cART is to suppress the 
virus and lower the amount of HIV RNA to undetectable levels. In 
the industrialised world, HIV became a chronic disease after the 
introduction of  combination antiretroviral therapy (cART)   in the 
mid-1990s. Therefore, it is now widely accepted that men and 
women infected with HIV, just like people with other chronic dis-
eases, can become parents. 

 Sexual transmission remains the major route of transmission 
in couples who are serodiscordant for HIV, which means that one 
partner is infected with the disease and the other is not. In par-
ticular, HIV-negative women with an HIV-infected male partner 
are at risk of contracting HIV when they want to become preg-
nant because they have to avoid the use of a condom. The chance 

  Fig. 1.1    Transmission after assisted reproductive techniques (ART)       
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of HIV transmission is related to the amount of circulating HIV 
RNA [ 2 ]. In pregnant women the chance of vertical transmission 
of HIV is 0.5 % when HIV RNA levels are below detection limits 
at birth [ 3 ].   

    HIV in the Genital Tract 

 The HIV is present in the semen of asymptomatic men as cell-free 
HIV-RNA particles in seminal plasma and as a cell- associated 
virus in non-spermatozoal cells, such as lymphocytes and macro-
phages [ 4 ]. Most  HIV-1 RNA   seems to originate from the seminal 
vesicles and prostate, given that a vasectomy does not influence 
the concentration of HIV-1 RNA in semen [ 5 ]. Studies in the ear-
lier days of HIV claim that  HIV-1 DNA   might be present in sper-
matozoa and spermatogonial stem cells [ 6 – 8 ], but later studies 
have contradicted these findings [ 9 – 11 ]. In addition, all studies 
but one report that the HIV-1 (co-) receptors CD4, CXCR4 and 
CCR5, which are necessary for the cellular entry of HIV-1, have 
not been demonstrated on the spermatozoal surface [ 12 ,  13 ]. 
Therefore, it seems unlikely that  spermatozoa   are directly infected 
with HIV-1 [ 9 – 11 ]. The finding that neither the partner nor the 
offspring was infected after semen-washing procedures, which are 
designed to separate spermatozoa from seminal plasma and to use 
the isolated spermatozoa for further fertility treatment, supports 
this theory [ 14 ]. 

 During the first 20 years of the HIV/AIDS epidemic most gyn-
aecologists were reluctant to accept HIV-serodiscordant couples in 
their infertility programmes [ 15 – 17 ]. Nowadays, serodiscordant 
couples with an HIV-infected man can adopt several strategies with 
the aim of impregnating the woman, which include:

    1.    Semen washing in combination with ART   
   2.    Spontaneous conception while the man is successfully using 

cART   
   3.     Spontaneous conception   while the man is successfully using 

cART and the uninfected partner receives pre- exposure prophy-
laxis (PREP), which is called PREP for conception (PREP-C) 

E. van Leeuwen
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and can be given incidentally or daily. Most data are published 
on scenarios 1 and 2. There is no evidence at present that sce-
nario 3, PREP-C, is more effi cacious than cART alone.    

   Semen-washing   protocols are aimed at separating the unin-
fected spermatozoa from the infectious seminal plasma. Semen-
washing protocols differ between hospitals, but all procedures have 
a low sperm yield in common. When spermatozoa are frozen after 
processing and before insemination the sperm yield may be even 
lower. Furthermore, in most protocols some of the semen is used 
for polymerase chain reaction (PCR) testing after processing and 
even fewer spermatozoa can be used for insemination [ 18 ]. This 
implies artificial sterility for HIV-infected men, and only men with 
semen of good quality qualify for semen-washing and insemina-
tion. When there are not enough spermatozoa after washing,  ICSI   
can be performed. 

   When using  ICSI     , there is a theoretical risk of the diagonal 
transmission of HIV. Indeed, integration of HIV into the genome 
was demonstrated in an in vitro study involving embryos from cats 
and rest embryos after  in vitro fertilisation (IVF)  , but only at very 
high levels of HIV RNA [ 19 ]. In vivo, ICSI has been carried out 
without the partner or offspring becoming infected [ 14 ,  20 ]. 
Therefore, the theoretical chance of infecting a child via the pater-
nal line, the so-called diagonal transmission, seems negligible, and 
ICSI is considered to be safe, especially at low levels of HIV 
RNA. It is thus important to know whether or not HIV affects 
semen quality.   

 In untreated HIV infection, the concentration of HIV RNA in 
semen is on average tenfold lower than that in blood plasma. 
Nevertheless, in some individuals the concentration of  HIV-1-RNA   
in seminal plasma is higher than that in blood plasma. There are 
three explanations for this phenomenon:

    1.    The detection of distinct HIV-1 populations in the epididymis 
and prostate, other than in blood, suggests that HIV-1 particles 
can be produced locally in the male genital tract [ 21 – 23 ].   

   2.    The composition of the ejaculate varies among men and over 
time in the same individual.   

   3.    Local infl ammation may increase HIV-1 RNA levels in semen, 
independent of HIV-1 RNA concentrations in blood [ 24 ,  25 ].    

1 The Impact of Human Immunodeficiency Virus…
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  From cross-sectional and case-control studies, it appears that, in 
general, semen parameters are not impaired by asymptomatic HIV-
infection [ 26 – 30 ], although some  case–control studies   reported 
that some semen parameters, i.e. concentration, volume and pro-
gressive motility, are impaired compared with HIV-negative men 
[ 31 ,  32 ]. The use of a case–control design may be questioned, as 
semen quality is very variable among the whole population, and for 
a patient it is not a question of whether or not his semen is of worse 
quality than that of his neighbour, but whether the duration of the 
disease or therapy impairs his semen quality. 

 Table  1.2  displays  semen parameters   of HIV-positive men. The 
fact that men with and without antiretroviral therapy were analysed 
as one group in most of these studies limits these results. It is there-
fore unclear whether the observed changes are caused by the HIV-1 
infection itself or by the antiretroviral therapy. A decrease in semen 
volume and sperm motility was observed in a single semen donor, 
from whom multiple semen samples were available before and 
after seroconversion for HIV-1 [ 33 ]. Obviously, such observations 
are not available for larger patient numbers. A longitudinal study 
describing semen parameters during natural HIV-1 infection, with 
a follow-up period of 2 years, evaluated the effect of on-going 
HIV-1 infection on semen parameters. None of the semen param-
eters changed significantly during a follow-up period of 96 weeks; 
however, progressive motility was low at all time points, and 
semen volume was within the lower normal range, according to the 
World Health Organisation's 1999 criteria [ 34 ]. Impaired semen 
parameters are described below 200 cells/mm 3  or in men with 
AIDS [ 35 ].

        cART      and  Semen Parameters   

    Most antiretrovirals penetrate well into the male genital tract, 
except for some protease inhibitors [ 4 ,  36 ], and in general, HIV-1 
RNA concentrations in blood and seminal plasma show a parallel 
decrease in response to cART [ 36 ,  37 ]. However, discrepancies 
between HIV-1 RNA in blood and seminal plasma are occasionally 

E. van Leeuwen
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described. HIV-1 RNA can be detected in seminal plasma, despite 
adequate suppression of HIV-1 RNA in blood, and HIV-RNA can 
be detected from time to time in semen, despite stable levels or 
even undetectable levels of HIV-1 RNA in blood [ 12 ,  38 – 43 ]. 

 In some countries, it is currently advocated that all people with 
HIV should start cART, irrespective of the immune status. The goal 
of this early treatment is twofold:

    1.    To minimise the risk of transmission to other people, as HIV-
RNA concentrations decrease after cART is initiated, the so-
called “treatment as prevention” [ 44 ]   

   2.    To prevent HIV-related morbidity [ 45 ,  46 ]     

 As robust evidence is lacking that treatment for HIV above 500 
CD4 cells/mm 3  is superior to treatment between 350 and 500 CD4 
cells/mm 3  in relation to life expectancy and morbidities, this policy 
is not embraced in all countries and in those countries a more dif-
ferentiated treatment is advocated; above 500 CD4 cells/mm 3  
cART can be considered and at between 350 and 500 cells/mm 3 , 
treatment should be initiated. In addition, it is estimated that people 
who are not aware of their HIV status transmit almost 90 % of new 
infections during acute HIV infection. 

 It is as yet unknown whether or not this new policy of early 
treatment for HIV and the consequences of the long-term use of 
antiretrovirals will affect semen quality, but most studies conclude 
that semen parameters are stable under antiretroviral therapy [ 29 ]. 

 Data on semen parameters before and after antiretroviral ther-
apy are limited to those of three studies: semen parameters were 
normal according to WHO criteria and remained stable after the 
administration of zidovudine (AZT) monotherapy in five HIV-1 
infected men [ 26 ], but improved in 20 men after 4 or 12 weeks of 
cART [ 35 ]. The observed improvement in the latter study may be 
caused by improved general health resulting from cART, as most 
patients had a low immunity. The follow-up in this study was too 
short to evaluate any potential detrimental impact of cART on 
spermatogenesis, because a full round of spermatogenesis takes 
~70 days. Semen motility decreased after 48 weeks of cART from 
28 to 17 % [ 47 ]. One of the hypotheses put forward to explain the 
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possible decreased motility is that mitochondria might be nega-
tively affected by cART [ 48 ]. 

 Mitochondria are abundant in spermatozoa and necessary for 
progressive motility. Deletions in mitochondrial DNA (mtDNA) of 
spermatozoa have been described as a result of antiretroviral ther-
apy [ 49 ]. Unfortunately, semen quality parameters were not anal-
ysed in this study. Theoretically, the penetration of  nucleoside 
reverse transcriptase inhibitors (NRTIs)   into spermatozoa or their 
precursors could result in mitochondrial toxicity and may lead to 
impaired progressive motility. However, this hypothesis remains to 
be proved and a more recent publication showed that spermatozoa 
are not very suitable for testing mtDNA content [ 50 ]. 

 It is not known at present if some cART regimes are more 
harmful to spermatozoa than others. In general  NRTIs   penetrate 
well into semen and protease inhibitors do not [ 51 ]. Nucleoside 
analogues with proven mitochondrial toxicity in other tissues, 
such as stavudine and didanosine, are no longer widely used and 
less toxic regimes are prescribed. All studies on semen quality are 
too small to distinguish between different kinds of cART. One 
study speculated that nevirapine, which is only used for the treat-
ment of people with low immunity, had fewer detrimental effects 
than efavirenz [ 30 ].     

    Conception in HIV-Infected  Men   

  Spontaneous conception in couples who are serodiscordant for 
HIV is becoming increasingly acceptable. Vernazza et al. [ 52 ] pub-
lished a protocol for PREP-C for HIV-discordant couples with a 
positive male partner. PREP-C was later defined as “the use of 
antiretroviral agents in the uninfected partner having timed unpro-
tected sex with their  HIV-1- positive man in an attempt to conceive 
without HIV transmission” [ 53 ]. To reduce the risk of infection, 
Vernazza proposed that the man or couple:

    1.    Should have been successfully treated with cART for more than 
6 months   
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   2.    Should have a stable relationship, and have no current symp-
toms of sexual transmitted diseases   

   3.    Use a luteinising hormone (LH) test to determine the optimal 
timing of intercourse, i.e. 36 h after LH peak   

   4.    Use tenofovir as PREP; the fi rst dose at LH peak and the second 
dose 24 h later   

   5.    Undergo a fertility evaluation after six attempts [ 52 ]    

  After a maximum of 12 attempts, 75 % of the 53 couples were 
pregnant. Recently, another  PREP-C   protocol was published. In 
this study, 8 on-going pregnancies were reported in 13 patients 
(62 %); this rate could become higher as couples who had only had 
one cycle of PREP-C were included and analysed [ 53 ]. As in the 
non-HIV-infected population, about 80 % of women conceive after 
1 year, this could reflect normal fertility within a HIV-serodiscordant 
couple with a HIV- infected male partner [ 54 ]. 

 The use of PREP-C is increasingly accepted and even advocated 
by the Centers for Disease Control (CDC) [ 55 ], but not all couples 
qualify for PREP-C, including women with hepatitis B/C; men 
with detectable HIV RNA in plasma and/or semen; sub-fertility 
and high anxiety regarding HIV transmission [ 53 ]. However, data 
are lacking if the additional use of PREP-C, in men in whom HIV 
RNA is undetectable using cART, is more effective than cART 
alone. Studies in which PREP-C is given on a daily basis, for at 
least 6 days before intercourse, show a larger efficacy than inciden-
tal PREP-C some hours before intercourse. Both daily tenofovir 
(TDF) and tenofovir–emtricitabine (FTC/TDF; Truvada®) are 
good agents for PREP [ 56 ]. 

 Most heterosexual transmission studies do not qualify to study 
fertility, as pregnancy is not the primary endpoint, and in fact many 
women use contraceptives and couples use condoms. The draw-
back of PREP without known efficacy in men who are already 
being treated with cART is that the future fetus is being exposed to 
TDF alone or in combination with FTC (Truvada®), where the 
possible effects on the fetus are unknown. TDF and FTC/TDF, 
when used as PREP by HIV-1-uninfected men, did not adversely 
affect male fertility or pregnancy outcomes [ 57 ].   
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    HIV and  Female Fertility   

 Case– control studies have suggested lower pregnancy rates in 
HIV-1-infected women compared with women without HIV-1 
infection, irrespective of past or current additional  sexually trans-
mitted disease (STD)   [ 58 ,  59 ]. It was recently confirmed that even 
in the Western world, where cART is widely available and  mother-
to-child transmission (MTCT)   rates are low, pregnancy rates were 
40 % lower and time to pregnancy was 75 % longer amongst HIV-
infected women compared with uninfected women [ 60 ]. It is 
unclear at present if these decreased pregnancy rates are caused by 
biological changes or by an alteration in sexual behaviour after 
HIV diagnosis [ 60 ]. On the other hand, pregnancy has no influence 
on the course of HIV [ 61 ]. 

 There are some biological phenomena that may explain the 
lower pregnancy rates in HIV-infected women. First, cohort studies 
have demonstrated a high prevalence of STDs in HIV-1-infected 
women. These women may therefore also be at risk of tubal infer-
tility [ 62 ,  63 ]. Second, menstrual cycle disturbances; polymenor-
rhoea and oligomenorrhoea, i.e. very short menstrual cycles or 
long menstrual cycles, which are associated with subfertility, are 
equally prevalent in asymptomatic HIV-1-infected women and in 
HIV-1-negative controls [ 64 ,  65 ], although more advanced immu-
nodeficiency is associated with menstrual dysfunction [ 65 ]. Third, 
ovarian reserve may be impaired in HIV-infected women. HIV was 
considered an independent factor for early menopause and some 
claim a higher incidence of severe ovarian dysfunction [ 66 ]. 
Occasionally, a low anti-Müllerian hormone, (AMH) level, a high 
follicle-stimulating hormone (FSH) level or a low antral follicle 
count (AFC) as a marker of imminent ovarian failure was described 
[ 67 – 70 ]. However, markers for ovarian reserve are not very reli-
able for predicting spontaneous conception and their random use 
should be avoided [ 71 ]. 

 In addition, outcomes of IVF in HIV-infected women are con-
flicting. Some show a similar response to IVF to HIV- negative 
women [ 69 ], whereas others claim that HIV-infected women under 
cART undergoing IVF have a lower pregnancy rate than non-
infected controls [ 72 ]. It was hypothesised that mitochondrial 
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 toxicity caused by antiretrovirals might be the underlying mecha-
nism of the low pregnancy rate, as oocytes from infertile, HIV-
infected  highly active antiretroviral therapy (HAART)  -treated 
women show decreased mtDNA content [ 73 ], but this has not been 
confirmed in larger studies. Another ICSI study had similar preg-
nancy rates amongst HIV-infected women to matched HIV-
negative controls, but stimulation was often cancelled because of a 
low response [ 74 ]. 

 Progression of HIV-1 disease results in a dramatic decline in 
pregnancy and live birth rates [ 75 ]. cART reverses these changes 
and is associated with increased pregnancy rates in HIV-positive 
women, particularly those with higher CD4 counts and a good 
immunological response to therapy compared with untreated HIV-
infected women [ 76 ,  77 ].   

    Conception in HIV-Infected Women 

 Women who are HIV-positive can practise self-insemination with 
no risk of infecting their HIV-negative partner. Recently,  PREP-C   
has also been suggested for this population. It is encouraging, that 
the overall pregnancy incidence in HIV-1- infected female partners 
of HIV-negative men who used PREP was 12.9 per 100 person-
years and did not differ significantly across the study arms (13.2 
TDF, 12.4 FTC/TDF, 13.2 placebo). The frequencies of live births, 
pregnancy losses and gestational age at birth or loss were also 
statistically similar in the three randomisation groups [ 57 ].  

    Hepatitis B  Characteristics   

  Hepatitis B is a liver infection that is caused by the hepatitis B 
virus (HBV), which is transmitted by vertical transmission, sexual 
contact and blood–blood contact. Chronic hepatitis B can lead to 
cirrhosis and hepatocellular carcinoma. All pregnant women and 
couples who undergo IVF or ICSI are tested for HBV and recipi-
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ents of organs, including gametes or embryos, of HBV-positive 
carriers should all be vaccinated against HBV. 

 Hepatitis B seroconversion can occur spontaneously, but if not, 
the individual is said to have chronic disease , is therefore a carrier 
and can transmit HBV to their partner. The predominant way to 
transmit HBV is sexually and the rate of infection is dependent on 
the concentration of HBV DNA [ 78 ,  79 ]. With regard to highly 
infectious pregnant women, reflected by a positive hepatitis E anti-
gen, vertical transmission occurs in up to 5 % of cases, despite 
immunisation and vaccination of the neonate at birth [ 80 ]. In preg-
nancy, sometimes a short course of antivirals such as lamivudine or 
tenofovir, are given when viral loads are very high to prevent verti-
cal transmission [ 81 ,  82 ]. 

 In contrast to HIV, people who are infected with HBV or who test 
HBV-positive during a fertility workup only require ART when they 
have a fertility problem. Vice versa, pregnancy may delay hepatitis 
antigen seroconversion and may lead to more chronicity [ 83 ].   

    HBV and the  Male Genital Tract   

 The HBV is present in semen as hepatitis B DNA (HBV DNA). 
The difference between HBV and HIV is that HBV not only passes 
through the blood–testis barrier, it is also thought to integrate into 
the genome of germ cells and cause damage [ 84 ]. In vitro studies 
show evidence of the integration of HBV DNA in oocytes and 
embryos via the maternal and paternal line [ 85 ]. Interestingly, the 
rate of integration was positively related to the level of HBV DNA 
[ 85 ]. Some claim that ICSI should be applied with caution in hepa-
titis B, because of the fear of the virus integrating into the develop-
ing embryo and thereby of HBV transmitting vertically or even 
diagonally via the germ cells, possibly resulting in a transfected 
embryo [ 86 ]. However, this has only been shown after IVF and in 
ICSI embryos and has never been studied in human embryos 
 conceived naturally [ 85 ]. Although some report that HBV trans-
mission is possible via the paternal germ cells, ultimate proof of 
this concept is lacking [ 87 ]. In fact, the difference between ICSI 
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and IVF is in fact artificial, as the integration of HBV into the 
genome of the embryo also occurs in IVF; therefore, integration of 
HBV could in theory also occur in spontaneous conception. From 
mice studies it is clear that integration of HBV into the genome of 
the mice embryo does indeed take place, but no adverse effects are 
seen after ten generations of mice [ 88 ]. Some hospitals have an 
upper bound limit of viral load in which they accept patients for 
ICSI because of a fear of transfected embryos. Patients with higher 
HBV loads are then referred to their treating liver specialist for 
(temporary) treatment before ICSI is applied.  

    HBV and Male Fertility 

 Unfortunately, there are no studies that compare fertility or sponta-
neous conception rates in HBV-infected populations with non-
infected populations. Studies on male fertility and HBV are limited 
to evaluating semen quality in HBV- infected men. It is of great 
importance to keep in mind that the quality of these studies is low, 
as they do not consist of an unselected population, but rather of 
men who had already required ART because of  fertility   problems 
in the couple. 

 Semen studies are shown in Table  1.3 . In general, progressive 
motility was low compared with non-HBV-infected men. It is 
speculated that this could be caused by oxidative stress due to viral 
infections or chromosomal instability [ 86 ]. However, controls were 
not always matched, and in one study, for instance, the HBV group 
consisted of more men with male or unexplained infertility [ 89 ].

   Conflicting results were reported in the outcomes of IVF treat-
ments in couples with at least one HBV-seropositive partner. In one 
study, lower implantation and pregnancy rates were observed in 
HBV-positive individuals compared with healthy controls [ 90 ]. 
Another study, in contrast, reported higher implantation and preg-
nancy rates in the HBV- seropositive group [ 91 ]. Zhou et al. [ 92 ] 
suggested that HBV infection in men might be associated with 
poor sperm quality and worse ICSI and embryo transfer outcomes, 
but HBV did not affect the outcomes of IVF and embryo transfer. 
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Poor semen quality and a lower number of embryos were confirmed 
in another study, but no difference in clinical and on- going preg-
nancies was observed [ 89 ].  

    HBV and  Female Fertility   

 To our knowledge, there are no studies that describe the fertility 
rates in unselected HBV-positive women. It was suggested that 
HBV-positive women might have inferior outcomes compared 
with non-infected women, but all women needed ART to overcome 
infertility [ 93 ]. Moreover, clinical pregnancy rates, a more impor-
tant outcome, were similar in HBV and HBV groups [ 93 ]. Maternal 
hepatitis antigen carrier status did not add a risk of adverse neona-
tal outcomes or a detrimental effect on the child’s growth; there-
fore, heightening surveillance for adverse neonatal complications 
in HBV-infected pregnant women may be unnecessary [ 94 ].  

    HCV  Transmission   

 Hepatitis C virus (HCV) infection is an infection of the liver that 
could lead to cirrhosis and hepatocellular carcinoma. Traditionally, 
hepatitis C is a disease that is transmitted by blood products or 
intravenous drug use. The risk of sexual transmission is estimated 
to be 0.07 % per year (95 % CI: 0.01, 0.13) or 1 per 190,000 occur-
rences of intercourse in heterosexual couples [ 95 ]. There is no vac-
cination for HCV. Recently, trials were published in which HCV 
was successfully treated with new antiviral agents, although these 
treatments are not yet widely available [ 96 ]. The chance of vertical 
transmission in an HCV-positive pregnant woman is 2–6 % [ 97 ]. 

 Few data exist on fertility in random HCV-infected populations. 
Because the main route of hepatitis C transmission is not sexual 
contact, there is some debate whether or not HCV- infected men 
should use semen-washing procedures in combination with ART. In 
theory, the diagonal transmission of HCV is possible via ICSI. In 
HCV-positive men semen- washing procedures are performed with 
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ICSI to diminish the chance of horizontal and diagonal transmis-
sion. After semen- washing, HCV was no longer detectable, 
whereas HCV was detected in 20.4 % of 153 samples before 
semen-washing [ 98 ]. With a risk of sexual transmission that is 
known to be very low, semen-washing procedures without testing 
after washing seem justified [ 99 ]. ICSI with semen-washing is 
performed for a prolonged period without any known cases of 
infection in the partner [ 99 ,  100 ]. ICSI in HIV-positive women did 
not lead to a higher infection rate in the offspring [ 101 ]. With the 
perspective of a cure for HCV, ART will no longer be necessary in 
overcoming HCV for this specific patient group, but will remain 
necessary for couples with HCV and infertility.  

    HCV and  Male Fertility   

  Analogous to hepatitis B, most studies report on semen quality in 
an attempt to study fertility, as is displayed in Table  1.4 . Again, it 
is sometimes not clear if men were already infertile when they 
enrolled in the studies. In general, semen parameters in hepatitis C 
are normal according to WHO 2010 criteria; in some studies, pro-
gressive motility was decreased. In a study that selected HCV-
positive men with no history of infertility, the duration of HCV 
infection correlated negatively with semen volume and semen 
motility [ 102 ]. In this study, a low serum testosterone level was 
described [ 102 ]. It is speculated that HCV might stimulate oxida-
tive stress, which causes impaired spermatogenesis in general and 
impaired motility in particular. It is unknown whether or not anti-
viral therapy can undo these changes [ 102 ]. 

       Therapy for HCV and Male Fertility 

 Until a few years ago,  ribavirin      and peginterferon constituted the 
most effective treatment available for HCV, with a sustained 
response in 40–50 % of patients. Because of embryo toxicity and 
teratogenic effects described in animal studies, partners of men on 
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ribavirin were advised to take contraceptives during therapy and 
women were advised to take contraceptives until 6 months after 
therapy [ 103 ,  104 ]. One case report that described the effects of 
ribavirin and  peginterferon      on semen quality reported decreased 
motility during treatment and DNA packaging abnormalities until 
8 months after treatment, which would justify longer contraceptive 
use in the partners of men infected with HIV being treated with 
ribavirin [ 105 ]. To our knowledge, there are no studies that 
describe the effects of the newer antivirals on semen quality.  

    HCV and  Female Fertility   

 It is unknown whether or not asymptomatic HCV infection affects 
female fertility. In advanced disease complicated by cirrhosis, 
many women are infertile because of amenorrhoea and anovulation 
[ 106 ]. However, for women with cirrhosis who do become preg-
nant, the risk of maternal and fetal complications is estimated to be 
around 50 % of cases and maternal mortality has been reported in 
up to 10 % of cases [ 106 ]. 

 In IVF, women with HCV had a worse ovarian response, but 
pregnancy rates were similar [ 107 ]. Pregnancy rates after ICSI 
were decreased in HCV-infected women compared with HCV-
negative women, with a higher impact on PCR-positive cases [ 108 ] 
It was speculated that the negative outcome in ICSI might be a 
result of hormonal disturbance associated with viral liver cirrhosis, 
coinciding with active viral replication [ 108 ].  

    Conclusion 

 Semen parameters are stable in asymptomatic HIV-1-infected men 
not on antiretroviral therapy, but spontaneous pregnancy rates 
seem to be reduced in HIV-1-infected women compared with HIV-
1-negative women. The long-term effects of antiretroviral therapy 
on male and female fertility are unknown. 
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 Whether or not fertility is impaired in HBV- and HCV- positive 
men and women remains controversial and the underlying mecha-
nism needs further exploration.. 

 HIV-1-infected patients desiring offspring can opt for several 
modes of reproduction, including various forms of ART. ART with 
semen-processing is effective in generating pregnancies and has 
been performed in HIV-1-infected couples since the early 1990s 
without any reported seroconversion. More data should be gener-
ated on spontaneous conception under cART. As there is no proof 
that PREP-C in combination with a partner on cART is more effec-
tive than cART alone, this strategy should be evaluated. Data on 
ART in HIV-infected women are scarce. More data should be 
generated on ART in HIV-infected women and prognostic factors 
in relation to the ART outcome of both HIV-1-infected men and 
women need to be identified. The concept of the diagonal transmis-
sion of the virus via the paternal germline deserves further explora-
tion, to prevent transgenic offspring.     
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          Introduction 

 Hepatitis B virus (HBV) is a major health problem and chronically 
infects an estimated 240 million people worldwide [ 1 ]. There are 
approximately 620,000 HBV-related deaths and 4.5 million new 
HBV infections each year throughout the world. In highly  endemic 
areas   such as the central Asian republics, south-eastern Asia, sub-
Saharan Africa and the Amazon basin, the HBV carrier rate is 
>8 %, whereas the prevalence of hepatitis B surface antigen 
(HBsAg) is <2 % in less endemic regions such as the United States, 
northern Europe, Australia and parts of South America. The Middle 
East, some eastern European countries and the Mediterranean basin 
are considered areas of intermediate endemicity, with carrier rates 
of between 2 and 8 % [ 1 ]. 
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 Despite the recent decrease in the rate of new cases, about 
7000–8000 new diagnoses are made every year in Europe. The 
prevalence of HBV infection in Europe varies widely, but is gener-
ally higher in south-eastern than in north-western countries. The 
highest prevalence rates are in Turkey, Romania, Bulgaria, Greece, 
Albania and southern Italy [ 2 ]. 

 The HBV is an enveloped DNA virus with a diameter of 42 nm 
(the so-called “Dane particle”), which belongs to the   Hepadnaviridae  
family  , and infects the hepatocytes of a wide range of animals 
belonging to several classes of birds (genus  Avihepadnavirus ) and 
mammals (genus  Orthohepadnavirus ). In particular, avian hepad-
naviruses have been isolated from various species of ducks, geese, 
herons, storks, cranes and parrots [ 3 ], and orthohepadnaviruses 
have been discovered in rodents (squirrels, woodchucks), non-
human primates (chimpanzees, gorillas, orangutans, gibbons and 
woolly monkeys) and, more recently, in bats from Myanmar [ 4 ]. 

 The double-layered lipoprotein membrane derived from the 
infected cells making up the viral envelope contains the surface 
antigen ( HBsAg  ), a mixture of small (S), medium (PreS2 and S) 
and large (PreS1, PreS2 and S) proteins that can also be observed 
circulating freely in the blood of infected subjects as 22-nm spheri-
cal and tubular particles. 

  The role of the  S protein   in virus attachment has not been con-
clusively demonstrated; however, this protein contains the major 
site for the binding of neutralising antibody, designated the  a  deter-
minant. Two other major determinants of the S protein have also 
been described; one has either “d” or “y” specificity and the other 
has “w” or “r”. All combinations of these determinants have been 
found, resulting in four major subtypes: adw, adr, ayw and ayr and 
nine minor subtypes, determined by mutually exclusive amino 
acids substitution in the S region of HBV DNA. Antibodies to the 
 a  determinant confer protection to all of these serotypes, whereas 
antibodies to the subtype determinants do not [ 5 ].  

 The viral nucleocapsid consists of the core protein ( HBcAg  ) and 
encloses a single molecule of the viral genome. It consists of a 
small and circular partially double-stranded DNA of about 3.2 kb 
whose minus strand, which encompasses four partially overlapping 
genes (PreS/S, PreC/C, P and X) encoding for at least seven pro-
teins, is incomplete. In particular, the three surface glycoproteins 
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(the small S protein, the middle PreS2 and S protein and the largest 
Pre S1/PreS2 and S protein), two core antigens (HBcAg and 
HBeAg), the polymerase and the X protein, a small regulatory pro-
tein that is essential for in vivo viral replication [ 6 ]. It also plays a 
central role in hepatocarcinogenesis [ 7 ]. 

 After attaching to a hepatocyte as a result of the binding of Pre-
S1 with a still unknown specific cell receptor, the viral nucleic acid 
is transferred to the cell nucleus, where it is completed by cell 
polymerases and forms covalently closed circular DNA (cccDNA) 
[ 8 ]. This mainly  non-integrated cccDNA   acts as a template for the 
production of the four viral transcripts that are necessary for protein 
production, including an over-length “pre-genomic RNA” (pg-
RNA) that gives rise to the core proteins and the viral genome. 

 After encapsidation, a molecule of  pg-RNA   is transformed by 
the viral reverse transcriptase into partially double- stranded circular 
genomic DNA, and the pg-RNA is degraded by the RNase-H activ-
ity of the P protein. Some of the newly produced capsids are not 
transferred to the cell surface, but return to the nucleus and contrib-
ute to the cccDNA reserve [ 8 ]. The production of the three surface 
proteins ensures virion secretion. 

 In spite of the constrained nature of its genetic evolution, which is 
due to the partial overlapping of the viral genes [ 9 ], the HBV genome 
is characterised by considerable variability because of the use of an 
RNA intermediate and reverse transcriptase during replication. 

    HBV Mutants 

 Mutations in the HBV genome can occur because of spontaneous 
errors of viral polymerase, and the action of pressure by the host 
immune system or by exogenous factors, including passive and/or 
active immunisation and drug treatment. HBV has a higher fre-
quency of mutations than other DNA viruses because the virus 
replicates via an RNA intermediate, using a reverse transcriptase 
that lacks a proof-reading function such as the reverse transcriptase 
and RNA polymerases of other highly variance viruses. Mutations 
have been identified in all four HBV genes, but have been most 
fully characterised in the preC/C gene, the polymerase gene and the 
preS/S gene [ 10 – 12 ].  
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    Basal Core  Promoter  ,  Pre-C/C Gene Mutants   

 Two major groups of mutations that result in reduced or blocked 
HBeAg expression have been identified. The most common muta-
tion in the ORF pre-C/C region is a guanine to adenine substitution 
at nt position 1896 (G1896A) that results in a translational stop 
codon (TGG to TAG; TAG = stop codon). This codon stops the 
expression of the  e  protein, which is processed to produce HBeAg 
[ 13 ]. However, HBV DNA synthesis persists and may cause liver 
damage, with progression to cirrhosis and cancer. Loss of HBeAg 
expression can also occur with mutations in the  basal core promoter 
(BCP)   region that regulates the expression of both HBeAg and core 
protein [ 14 ]. These mutations have been associated with fulminant 
hepatitis and severe chronic liver disease [ 15 ,  16 ]. However, fulmi-
nant hepatitis can occur in the absence of such mutations [ 17 ,  18 ]. 
Additional studies are needed to determine the pathogenic basis and 
clinical sequelae arising from the selection of these mutants [ 12 ].  

     X Gene Mutations   

 As the X ORF overlaps the BCP completely, promoter mutations 
can affect the amino acids sequence of the X protein. The most 
common BCP double mutations occurring at nt 1762 (A1762T) and 
at nt 1764 (G1764A) can cause changes in the X protein that may 
affect its ability to transactivate the BCP. In addition, insertions or 
deletions in the BCP often shift the X gene frame, resulting in trun-
cated forms of the X protein. These shortened X proteins lack the 
domain in the C terminus that is required for the transactivation 
activity of HBx antigen [ 10 – 12 ].  

     Polymerase Gene Mutants   

 Mutations of the polymerase gene have been associated with resis-
tance to treatment with nucleoside/nucleotides analogues and with 
viral persistence [ 10 – 12 ,  19 ,  20 ]. The most common of these muta-
tions occur at codon 528 (the template binding site of the poly-
merase) and at codon 552 of the tyrosine, methionine ,  aspartate, 
aspartate (YMDD) motif (the catalytic site of the polymerase). 
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Polymerase mutations have been demonstrated to emerge in up 
80 % of patients after treatment with nucleoside/nucleotide ana-
logues. These mutations significantly decrease the efficacy of 
treatment [ 21 ]. As the genome of HBV is organised into overlap-
ping reading frames, the selection of polymerase mutants, favour-
ing resistance, can result in the emergence of changes in the 
overlapping S-gene during long-term antiviral therapy, potentially 
altering its immunoreactivity [ 22 ,  23 ].  

     PreS/S Gene Mutants   

  Isolates with pre-S deletions are often found. There is evidence that 
a set of mutations (deletion in the pre-S region and in pre-core and 
BCP mutations) are significantly associated with progressive liver 
disease and hepatocellular carcinoma (HCC) [ 24 ]. 

 Mutations in the S gene can lead to conformational changes in 
the  a  determinant, which is located between amino acids 124 and 
147 of HBsAg and has a double-loop structure projecting from the 
surface of the virus; the second loop (amino acids 139–147) is the 
major target for neutralising anti-HBs. 

 The prototype of such mutants, the so-called G145R, which 
shows a point mutation from guanosine to adenosine at nucleotide 
position 587, resulting in an amino acid substitution from glycine 
(G) to arginine (R) at position 145 in the  a  determinant of the 
surface antigen, was first observed in Italy some 25 years ago 
[ 25 ]. This mutant has been shown to be infectious in experimen-
tally infected chimpanzees [ 26 ]. Besides the G145R, other S-gene 
mutants across the entire  a  determinant region have been found 
worldwide. Concern has been expressed that these mutated 
viruses may allow replication of HBV in the presence of vaccine-
induced anti-HBs or anti-HBs contained in hepatitis B immune 
globulin (HBIG; immunisation escape mutants). In addition, 
these mutants may not be detected by some commercially avail-
able HBsAg assays based on antibodies to the wild-type virus 
(diagnostic  escape mutants  ) [ 27 ,  28 ]. 

 Hepatitis B infection with S mutant viruses has been reported to 
occur in the presence of protective levels of anti- HBs in infants 
born to HBV-infected mothers who received prophylaxis with 
HBIG and/or hepatitis B vaccine [ 25 ,  29 – 32 ] in children who 
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responded to vaccination [ 33 ], and in liver transplant recipients 
who received HBIG for the prophylaxis of relapse of the HBV 
infection [ 34 ]. However, in population- based studies of infants born 
to HBsAg-positive mothers, S-gene mutant viruses have not been 
found to be associated with a failure to prevent perinatal HBV 
transmission [ 35 ]. In addition, pre-exposure vaccination of chim-
panzees with currently licensed vaccines (not containing pre-S 
epitopes) conferred protection after intravenous challenge with the 
G145R HBV [ 36 ,  37 ]. At present, no evidence exists that S-gene 
mutants have spread in immunised populations or that these 
mutants pose a threat to hepatitis B immunisation programmes [ 38 ]. 
Further studies and enhanced surveillance to detect the emergence 
of these mutants and those caused by the onset of resistance to the 
viral therapy (see above) are a high priority in monitoring the effec-
tiveness of current immunisation strategies. 

 Hepatitis B surface antigen escape mutants, which cannot be 
detected by currently available HBsAg assays, are possible carriers 
of  occult HBV infection (OBI)   [ 39 ].    

    HBV Genotypes 

 On the basis of the  sequence divergence   established by analysing 
the entire viral genome, HBV has been classified into nine geno-
types (A–I) and various subgenotypes (indicated by numbers), with 
a mean nucleotide difference of ≥8 % between genotypes and ≥4 % 
between subgenotypes, partially corresponding to the previously 
described serologically defined subtypes [ 40 ]. 

   Hepatitis B virus genotypes have a characteristic  ethno- 
geographic distribution  . Some are ubiquitous, such as genotype A, 
which is present in north-western Europe, North America and 
Central Africa [ 40 ], and genotype D, which has been found 
throughout the world, although its highest prevalence is in the 
Mediterranean area, the Middle East and southern Asia, particularly 
India. Genotypes B and C are only present in Asia; genotype E is 
found in sub-Saharan Africa [ 40 ] and genotype F in South and 
Central America [ 40 ]. Genotype G has been found in France and 
the USA [ 41 ], whereas genotype H seems to be confined to the 
northern part of Latin America (Table  2.1 ) [ 42 ].
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   Table 2.1    Subgenotypes, subtypes and  geographical   origin of HBV   
 Subgenotype  Subtype  Geographical origin 

 A  A1 (Aa, A′)   adw2 , ayw1  Africa, Asia, South America 

 A2 (Ae, 
A-A′) 

  adw2 , ayw1  Northern Europe, North 
America, South Africa 

 A3 (Ac)  Cameroon, Gabon, Rwanda 

 A4  Mali, Gambia 

 A5  Nigeria, Rwanda, Cameroon, 
Haiti (African population) 

 A6  Congo, Rwanda 

 A7   ayw1 , adw2, ay  Cameroon, Rwanda 

 B  B1 (Bj)   adw2   Japan 

 B2 (Ba)   adw2 , adw3  Asia without Japan 

 B3   adw2 , ayw1  Indonesia, Philippines 

 B4   ayw1 , adw2  Vietnam, Cambodia 

 B5  Philippines 

 B6  Alaska, Northern Canada, 
Greenland 

 B7-B9  Indonesia 

 C  C1 (Cs)   adrq+ , ayr, 
adw2, ayw1 

 South East Asia (Vietnam, 
Myanmar, Thailand, Southern 
China) 

 C2 (Ce)   adrq+ , ayr  Far East (Korea, Japan, 
Northern China) 

 C3   adrq– , adrq+  Pacific Islands (Micronesia, 
Melanesia, Polynesia) 

 C4  Australia 

 C5  Philippines, Vietnam 

 C6  Indonesia, Philippines 

 C7  Philippines 

 C8-C16  Indonesia 

(continued)
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 Subgenotype  Subtype  Geographical origin 

 D  D1   ayw2 , adw1, 
ayw1 

 Europe, Middle East, Asia, 
Tunisia, Egypt 

 D2   ayw3 , ayw1  Europe, Morocco, India 

 D3   ayw3 , ayw2, 
ayw4 

 South Africa, Asia, Europe, 
USA, Northern Canada 

 D4   ayw2 , ayw3  Australia, Japan, Papua New 
Guinea 

 D5  East India, Japan 

 D6  Indonesia 

 D7  Tunisia 

 D8  Niger 

 D9  Eastern India 

 E   ayw4 , ayw2  Sub-Saharan Africa, UK, 
France, Saudi Arabia 

 F  F1a   adw4 , ayw4  South and Central America 

 F1b   adw4   Argentina, Japan, Venezuela, 
USA 

 F2   adw4   South America (Brazil, 
Venezuela, Nicaragua) 

 F3   adw4   Venezuela, Panama, Columbia, 
Bolivia 

 F4   adw4   Bolivia, France, Argentina 

 G   adw2   USA, Germany, Japan, France, 
Mexico 

 H   adw4   USA, Japan, Nicaragua 

 I  I1   adw2   Laos, Vietnam, Northwest 
China 

 I2   ayw2   Laos, Vietnam 

 J   ayw   Japan 

Table 2.1 (continued)
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   A ninth genotype (I) has recently been proposed after being 
found in north-western China [ 43 ], Eastern India [ 44 ], Laos [ 45 ] 
and Vietnam [ 45 ,  46 ]. Even more recently, a tentative new genotype 
“J” has been isolated in a single Japanese patient with HCC [ 47 ]. 

 The two genotypes responsible for the majority of infections in 
Europe are genotype A (mainly subgenotype A2) in the north-west-
ern part of Europe and genotype D (mainly subgenotypes D1, D2 
and D3) in the south-eastern Europe and the Mediterranean area [ 3 ].   

    The Origin of HBV 

  A number of conflicting hypotheses have been made concerning 
the  origin of   HBV. It has been proposed that it originated in the 
New World and spread to the rest of the world as a result of 
European colonisation over the last 400 years [ 48 ]. This conflicts 
with the observation of its widespread distribution among wild Old 
World apes (chimpanzees, orang-utans and gibbons). A second 
hypothesis proposes a co-divergence of HBV and its (human and 
non-human) primate hosts over a period of about 10–35 million 
years [ 49 ], but this implies a very slow evolutionary rate that is 
incompatible with current molecular clock estimates, indicating a 
faster rate of evolution [ 50 – 52 ]. Moreover, the viruses isolated 
from non-human primates show the same divergence as those 
observed among human genotypes, and their phylogenetic patterns 
show that the relationship between non-human viruses and some 
human genotypes is closer than that of other human genotypes, sug-
gesting different viral leaps from primates to humans and vice versa 
and excluding the idea of virus/primate co-divergence [ 53 ]. A third 
hypothesis is that HBV was present in anatomically modern 
humans and spread as a result of their migrations over the last 
100,000 years or so [ 54 ]. 

 The main difficulty in reconstructing the HBV phylodynamics is 
the lack of a consensus in the estimation of the rate of evolution of 
the virus that also affects the tMRCA estimates and the timescales 
of HBV evolution [ 52 ]. 

 Support for the hypothesis of the long co-evolution of HBV 
genotypes in humans comes from the two American genotypes F 
and H, which are inter-related and diverge significantly from the 
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other HBV genotypes. As described above, we know that HBV-F 
subgenotypes are distributed in different areas and aboriginal tribes 
[ 55 ] in which the prevalence of infection is very high (up to 30 %) 
[ 56 ,  57 ]. This suggests that they have been generated by the evolu-
tion of the virus in small and isolated populations. On the basis of 
genetic studies, all aboriginal Americans came from a population 
originating in the region between the Altai and Amur that reached 
Beringia between 30 and 22 ky and North America 16.6 ky [ 58 ]. 
This founding population probably consisted of fewer than 5000 
people [ 59 ] divided into bands of probably less than 100, who 
reached North America in successive waves over a period of 1500 
years or more [ 60 ]. Moreover, the very high prevalence of HBV 
subgenotype C2 found in the small Jarawa tribe of the Andaman 
Islands that remained in complete isolation for thousands of years 
cannot plausibly be attributed to recent contact with the virus, 
despite the quite limited divergence from the sequences of the same 
subgenotype presently circulating in Thailand [ 61 ]. However, this 
apparent discrepancy may find an explanation taking as a reference 
the sequence belonging to the same genotype recently extracted 
from the liver cells of a Korean mummy dated 400–500 years ago 
[ 62 ], suggesting that the evolutionary rate of this genotype may be 
slower than previously expected. 

 In some of these small, numerically stable and isolated groups, 
HBV could easily have become hyper-endemic and prevalently 
transmitted vertically. The resulting immunological tolerance would 
have reduced the selective pressure of host immunity on the virus, 
thus justifying a slow evolutionary rate. Very different evolutionary 
rates have recently been demonstrated in subjects with and without 
serum HBeAg [ 63 ], and HBeAg positivity, associated with slower 
rates, is a prerequisite for efficient vertical transmission [ 64 ]. 

 On the contrary, the penetration of HBV into large, fast- 
changing, highly mobile and susceptible populations depends on 
other, mainly horizontal, transmission routes, which may also be 
responsible for higher evolutionary rates. The rate of vertical trans-
mission is relatively low in populations in which the prevalent 
HBV genotypes are those associated with high rates of HBeAg 
negativity (such as genotype D), and horizontal transmissions such 
as the parenteral (iatrogenic practices and intravenous drug use) 

G. Zehender et al.



41

and intra-familiar routes play a more important role [ 64 ]. The main 
circulation among immunocompetent HBeAg negative adults justi-
fies a faster evolution of the virus because of stronger selective 
pressure. Moreover, HBV in these populations is generally 
 characterised by high basic reproduction numbers ( R  0 ) of 1–2 esti-
mated in various ways [ 52 ,  65 ,  66 ], which indicates a very rapid 
spread of the virus in susceptible communities and once again 
conflicts with the hypothesis of a slow evolutionary rate.   

    The Origin and Evolution of Genotype D 

  The HBV  genotype D   is one of the two most prevalent genotypes 
in Europe, in particular in the north-eastern countries and in the 
Mediterranean basin, including northern Africa, and the Middle 
East. It is also highly prevalent on the Indian sub-continent and a 
group of islands in the Indian Ocean with high endemic levels of 
HBV [ 67 ], and has additionally been identified in Oceania [ 40 ]. 
Nine HBV-D subgenotypes (D1–D9) have so far been described 
(Fig.  2.1 ), showing a different geographic distribution. Subgenotype 
D1 is widespread in Greece, Turkey and north Africa [ 68 ,  69 ]; 
D2 in north-eastern Europe (Russia, Belarus, Estonia) and Albania 
[ 70 ,  71 ]; and D3 in Italy and Serbia [ 72 ,  73 ]. D4 is the dominant 
subgenotype in Oceania [ 40 ]; D5 in primitive tribes living in India, 
where a number of different D subgenotypes are also found [ 74 ]; 
D6 in Papua and Indonesia [ 75 ]; D7 in Tunisia and Morocco [ 76 , 
 77 ]. Finally, the recently described D8 and D9 subgenotypes have 
been identified in Nigeria and India, and have been recognised as 
recombinant forms of genotype D with E [ 78 ] or C [ 79 ].

   A number of preliminary studies agree about a relatively recent 
origin of genotype D in the early twentieth century [ 52 ,  80 ] in 
Europe, with two phases of expansion: the first in the 1940s and 
1950s and the second occurring from the 1960s until the 1980s, 
when the growth of the genotype reached a plateau. It was hypoth-
esised that the initial event underlying viral penetration in Europe 
were the two World Wars at that time when the use of unsafe medi-
cal injections was common and there was an increase in the use of 
blood and blood derivatives for transfusion purposes [ 81 ] before 
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HBsAg screening became available in the 1970s [ 82 ]. Later, the 
 further expansion was attributable to percutaneous transmission 
among  intravenous drug users (IDUs)   and other people exposed to 
infected blood. In particular, subgenotype HBV- D3 was shown to 
be associated with percutaneous transmission and drug addiction 
[ 72 ,  83 ]. The virus isolated from IVDUs is characterised by a num-
ber of S and P gene mutations [ 72 ], such as the main mutation in 
residue 125 (S125T) of S protein, which has been described by vari-
ous authors all over the developed world [ 40 ,  52 ,  80 ,  84 ]. A plateau 
of the epidemic was reached in the 1980s, in relation to the decrease 
in acute HBV infections in developed countries [ 52 ,  85 ,  86 ]. 

 A recent and comprehensive reconstruction of the epidemiologi-
cal history of HBV genotype D obtained using a phylogeographical 
approach [ 87 ] indicates that it originated in the second half of the 

  Fig. 2.1    Distribution of  hepatitis B virus (HBV)   subgenotypes D in 
Eurasia and the Mediterranean basin. Countries are coloured on the basis 
of their prevalent subgenotypes (see legend)       

 

G. Zehender et al.



43

nineteenth century in India and that subgenotype D5 (an indigenous 
Indian subgenotype) was probably the first to diverge. The common 
ancestors left India and reached central Asia in the first decade of the 
twentieth century, when subgenotypes D1–D3 diverged. 
Subsequently (between the 1930s and 1940s), they spread to Europe 
and the Mediterranean area by means of at least two routes: a south-
western route (mainly because of the diffusion of subgenotype D1) 
crossing the Middle East and reaching north Africa and the south-
eastern Mediterranean; and a second north-western route (closely 
associated with D2) that crossed the former Soviet Union and 
reached eastern Europe and the Mediterranean through Albania [ 66 ]. 

 This reconstruction makes it possible to hypothesise that the First 
and Second World Wars played a crucial role in the global spread of 
HBV-D from India to the rest of the world, but the further spread of 
the infection (particularly in south- eastern Europe, the Middle East 
and northern Africa) was probably sustained by the unsafe use of 
injections in medical practice. Events such as outbreaks of jaundice 
following the intravenous injection of arsphenamine (for anti-
syphilis treatment) from the early 1920s to the late 1940s, led to the 
spread of some HBV-D subgenotypes to Europe [ 88 ]. 

 In the populations in which HBV-D predominates (which are 
characterised by a high rate of mutations causing HBeAg negativ-
ity), the majority of infections are acquired horizontally, mainly as 
a result of household contacts or because of the use of unsterilised 
needles and syringes  [ 89 ,  90 ].  

    The Origin and Evolution of Genotype A 

   Genotype A   is an ubiquitous genotype, largely spread over four 
continents: Africa, Europe, Asia and America. It has been classified 
into seven distinct evolutionary groups. Subgenotype A1 is highly 
prevalent in southern and east Africa (South Africa, Uganda, 
Malawi, Tanzania, Congo, Somalia) and south Asia (India, the 
Philippines, Bangladesh, Nepal) [ 40 ,  74 ,  91 – 93 ]. Subgenotype A2 
is the most widespread in Europe and North America [ 40 ,  91 ] and 
has also been isolated in South Africa [ 94 ]. It has been suggested 
that genotype A might have originated in Africa and hypothesised 
the importation of HBV-A2 from Africa to Europe by Portuguese 

2 HBV Virus in the Future



44

sailors in the sixteenth and seventeenth centuries, and the arrival of 
A1 in Asia as a consequence of trade and travel between eastern 
Africa and southern Asia [ 95 ]. The more recently described sub-
genotypes are A3 in Pygmies and Bantus living in Cameroon and 
Gabon [ 96 ,  97 ]; a “tentative A4” from Mali; and a subgenotype A5 
isolated in patients from Nigeria (Fig.  2.2 ) [ 98 ]. Interestingly, HBV-
A5 has also been found in Haiti, which suggests that it might have 
been the dominant subgenotype in an area near the current Nigeria 
(formerly the Bight of Benin) before the time of the slave trade 
(between the eighteenth and nineteenth centuries). An HBV-A6 has 
only been reported in African–Belgian patients [ 84 ] and a new “ten-
tative subgenotype A7” has been isolated in Cameroon [ 99 ]. It has 
recently been proposed to classify A3, “tentative A4”, A5 and “ten-
tative A7” within a single subgenotype called “quasi subgenotype 
A3”, because they share a common ancestor, but none of them meets 
the criterion necessary for the definition of “subgenotype” (a genetic 
divergence of 4–8 %) [ 84 ] and a new classification, consisting of 
three subgenotypes (A1, A2 and A4-formerly subgenotype A6) and 
one West-African quasi-subgenotype (A3) has been proposed [ 100 ].

   Subgenotype A2 is the most prevalent genotype in the devel-
oped countries, in particular in the USA and north-west Europe, 
and in the last few years its prevalence has also been growing in 
Japan [ 101 ]. Several studies have demonstrated a relatively recent 
penetration of HBV-A in Europe, between the 1960s and 1980s and 
an association of this subgenotype with people acquiring the infec-
tion as a result of sexual transmission, particularly  men-having-
sex-with-men (MSM)   [ 52 ,  102 ]. 

 A single clonal strain has been isolated among high-risk subjects 
all over the world [ 2 ,  103 ], suggesting a relatively recent distinct 
worldwide HBV-A2 epidemic among MSM, now also spreading 
among heterosexuals [ 103 ]. 

 It seems that the epidemiological dichotomy of Europe (which 
makes genotype D the most prevalent genotype in eastern and 
southern Europe, where HBV is highly endemic, and genotype A 
the main strain in central and northern Europe, where HBV is less 
widespread) could be due to the differences in their main routes of 
transmission, as has been observed in Italy [ 52 ]: predominantly 
parenteral transmission in highly endemic areas (unsafe injections, 
intra-family  transmission), and hetero- and homosexual transmis-
sion in less endemic areas [ 2 ,  90 ,  102 ]. 
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 In contrast, HBV-A1 probably originated in Africa and the slave 
trade and colonisation played a major role in its global dispersion: 
in particular, the Arabian East African slave trade from Africa to 
India (until the late nineteenth century), the Belgian colonisation of 
the Congo (in the first half of the twentieth century), and the 
European slave trade (until the nineteenth century) [ 104 ].   

    The Origin and Evolution of Genotype E 

  Genotype E   is the most prevalent strain of HBV in central and 
western Africa (see Fig.  2.2 ) [ 105 ]. It has a very low degree of 
genetic diversity: the isolates obtained so far form a single mono-
phyletic group [ 106 ]. The absence of any significant spread among 

A1

D

E

A1, A2, D

A3, A4, A5, E

A3, A4, A5

  Fig. 2.2    Distribution of  HBV   genotypes in Africa. Countries are coloured on 
the basis of their prevalent geno-/subgenotypes (see legend)       
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Afro-Americans, despite the forced immigration of western African 
slaves [ 106 ], indicates that it was probably rare in west Africa at the 
time of the slave trade and before the nineteenth century. The high 
prevalence and low degree of genetic divergence of HBV-E suggest 
its recent explosive spread in west Africa after the end of the slave 
trade approximately 200 years ago [ 107 ]. Recent estimates suggest 
a penetration of HBV-E in Central West Africa around 60 years ago 
with an exponential growth of the epidemic between 30 and 40 
years ago. These observations support the view that the explosive 
spread of HBV-E in Africa must have been due to a new and highly 
efficient route of transmission, probably the unsafe use of needles 
during numerous mass-vaccination campaigns (against yaws, 
sleeping sickness, smallpox and measles), which were particularly 
frequent in west/central Africa between the 1920s and 1960s [ 107 , 
 108 ]. In this way, HBV-E brought to the substitution of other, 
endemic genotypes such as HBV-A5.  

    The Origin and Evolution of Genotypes F and H 

   Genotypes F and H   are indigenous to America and the most preva-
lent HBV genotypes in central/south America with the exception of 
the Afro-Brazilian community, where the most prevalent subgeno-
type is A1 [ 109 ]. Genotype F is the predominant strain among the 
Amerindians of the Amazon basin [ 110 ]. It is classified into four 
subgenotypes (F1–F4), and further sub-divided into different 
clades. As shown in Fig.  2.3 , F1 is highly prevalent in central 
America (clade F1a), Alaska and south-east America (clade F1b) 
[ 111 ,  112 ]; F2 is highly prevalent in Venezuela (clades F2a and b) 
and is also present in Brazil (clade F2a alone) [ 111 ]; F3 is present 
in central (Panama) and northern Latin America (Colombia and 
Venezuela); and F4 is present in Bolivia and Argentina (where it 
co-circulates with F1b) [ 113 ]. Genotype H is predominant in 
Mexico, where it represents more than 50 % of infections, even in 
some native Mexican populations [ 114 ], thus suggesting an ancient 
origin (pre-Hispanic) of HBV-H in the Aztec population. From a 
phylogenetic point of view, genotypes F and H share a common 
ancestor and are highly divergent from Old World HBV genotypes 
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[ 42 ], being closer to an isolate obtained from a New World monkey 
(the woolly monkey). These data suggest that genotypes F and H 
might have split off a long time ago, and possibly represent the 
result of a cross-species transfer [ 42 ].

F1a

A1

H

F1b

F2a

F2b

F3

F4

  Fig. 2.3    Distribution of HBV F sub genotypes   in Latin America. Countries 
are coloured on the basis of their prevalent geno-/subgenotypes (see leg-
end)       
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   The estimation of the phylogeography of HBV-F on a calendar 
time scale suggested the pre-Columbian origin of HBV-F and their 
subgenotypes, some of which would have disappeared during the 
conquests of the sixteenth and seventeenth century as a result of the 
extreme decline in population numbers. The epidemic would have 
then expanded because of the rapid increase in the Latin American 
population since the eighteenth century [ 113 ]. 

 A study of the molecular epidemiology and evolutionary 
dynamics of HBV-F in Colombia demonstrated that HBV-F3 was 
probably the oldest F subgenotype originating in Venezuela and is 
most related to genotype H [ 111 ]. 

 Recent studies [ 115 ] estimated an origin of the Amerindian 
genotypes (F and H), which probably followed the initial New 
World settlers coming from Asia 13,000 years ago.   

    Origin and Evolution of HBV Genotypes B and C 

 Hepatitis  B virus  genotypes B and C   are the most prevalent geno-
types in Asia. Genotype B was identified in 2002 and immediately 
classified into two subgenotypes: Bj, largely spread in Japan and 
Ba, present in Asia, but not in Japan. Subgenotype Ba was demon-
strated to be a product of recombination between a genotype B and 
a genotype C PreC/C gene. In 2004, it was proposed to rename 
them B1 (corresponding to the former Bj) and B2 (former Ba) [ 40 ]. 
Genotype B is characterised by a large spread in Asian and Arctic 
populations and is highly heterogeneous: nine different subgeno-
types have been identified so far. Some of them are recombinant: 
subgenotype B2, subgenotypes B3 (isolated in Indonesia), B4 
(identified in Vietnam) and B5 (identified in the Philippines). 
Another non-recombinant subgenotype was B6, identified in an 
indigenous Arctic population and in southwestern China in the 
Yunnan region. Subgenotypes B7, B8 and B9 were all identified on 
different islands of Indonesia suggesting a correlation between the 
B subgenotype and the ethnicity of the infected patients [ 116 ]. 

 Genotype C shows the highest level of genetic heterogeneity, 
being classified into at least 16 different subgenotypes, which dis-
play different ethnogeographic distribution. Subgenotypes C1 and 
C2 (initially named Cs and Ce) are the most widely distributed 
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subgenotypes in Southeast Asia (Vietnam, Myanmar, Southern 
China, Thailand) and the Far East (Korea, Japan, Northern China) 
respectively. Subgenotype C4 is found in the aboriginal population 
of Australia, while all the other subgenotypes are present in the 
Philippines and Indonesia [ 116 ]. 

 On the basis of a recent study, HBV genotype C could be the 
oldest human genotype, originating about 30.0 ky ago [ 54 ]. 
Accordingly, a recent study detected HBV nucleic acids in a 
Korean mummy of the sixteenth century, which was clustered with 
subgenotype C2 [ 62 ]. The concordance between the HBV subgeno-
type and geographic localisation and the great similarity of this 
strain to the C2 isolates presently circulating [ 62 ] suggest a rela-
tively low rate of evolution of HBV, at least of genotype C.   

    Other Geno-/Subgenotypes of Interest 

  Genotype G   was found in several European countries, in the USA, 
in Japan and in Mexico [ 117 ]. All known isolates have both PreC/C 
and BCP mutations, preventing the ability of this genotype to give 
(alone) chronic infections. For this reason, in chronically infected 
patients, genotype G is always in coinfection with another geno-
type that can supply the HBeAg [ 118 ]. An association between 
HBV genotype G and sexual transmission, in particular among 
MSM, has been observed [ 119 ], thus justifying the frequent coin-
fection with subgenotype A2.   

    Clinical Implications of HBV Variability 

     HBeAg Expression   and  Viral Genotypes   

 The substitution of the G in position 1896 of the PreC/C gene with 
an A genotype abrogates the expression of HBeAg. Site 1896 is 
inserted into a stem-loop fundamental as an encapsidation signal, 
and is paired with the nucleotide in position 1858, which is a C in 
genotype A, but is a T in several other genotypes. The presence of 
a T in position 1858 makes the mutation (G to A) in position 1896 
more stable. For this reason, several genotypes such as D, E, G and 
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some B and C subgenotypes are more frequently subjected to 
preC/C mutation. In contrast, BCP mutations are more prominent 
in HBV genotypes A, F and the other HBV B and C subgenotypes. 
These data suggest that subjects infected by some HBV genotypes 
(D, E, G) are more likely to be affected by HBeAg- negative chronic 
hepatitis [ 120 ]. 

 In general, Asian subjects have a longer persistence of HBeAg 
positivity in their blood. The anti-HBe seroconversion occurs ear-
lier and more frequently in subjects infected with genotype B than 
in those with genotype C [ 121 ]. A possible hypothesis is that geno-
type B HBV might develop the G1896A mutation, which abolishes 
the e antigen expression, while genotype C develops BCP muta-
tions that reduce but do not abolish HBeAg expression [ 120 ]. 

 In Western Europe, where the predominant genotypes are D and 
A2, the rate of sustained remission after HBeAg seroconversion is 
higher in genotype A than in genotype D [ 120 ]. Even in this case, 
the reason may be the higher frequency of PreC/C mutations induc-
ing the reactivation of the viral replication in genotype D than in 
genotype A, as also suggested by the higher prevalence of HBeAg 
positivity in the latter [ 120 ,  122 ].  

    Progression of the  Infection   

 Cirrhosis  and HCC are the most significant complications of 
 chronic hepatitis B (CHB)  . Given that the viral genotype may influ-
ence the natural history of the infection and that viral genotypes are 
differently distributed throughout the world, the pattern of the 
development of complications also varies on a geographical basis. 

 Several studies have suggested that the risk of cirrhosis develop-
ment in Europe (where genotypes A and D are prevalent) might be 
higher than in East Asia, where the most prevalent genotypes are B 
and C, C2 (mean incidence rate of 6.75 vs 2.2 per 100 person-years 
respectively) [ 120 ]. This difference is in part due to the higher inci-
dence of genotype D infection, associated with HBeAg-negative 
CHB, in Europe than in East Asia. 

 Accumulating evidence indicated that higher plasma HBV DNA 
levels, infection with HBV genotype C, in addition to mutations at 
1653T, 1753V and A1762T/G1764A are independently associated 
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with the risk of HCC in Asian men. This explains the correlation 
between HCC development and genotype C rather than genotype B 
(OR = 1.68 > 2.35 < 3.30) [ 123 ]. HBV genotype A1 in Africa is 
associated with a 4.5- fold increase in the relative risk of developing 
HCC compared with other genotypes [ 124 ].   

    HBV Genotype  and CH Therapy   

 Several studies have indicated that the loss of HBeAg and anti-HBe 
seroconversion during interferon treatment are observed more fre-
quently in patients with genotype A than in those with genotype D 
and, to a lesser degree, in patients with genotype B versus genotype 
C. In contrast, response rates to nucleoside/tide analogues are simi-
lar in the different genotypes. However, a different pattern of 
resistance- associated mutation may prevail [ 120 ] given that muta-
tions at the polymerase coding gene may influence the appearance 
of mutations in the overlapping surface antigen. For example, the 
lamivudine and adefovir resistance mutation at position rt181 (from 
A to T) results in a stop codon in the overlapping surface antigen 
gene (in position 172). This variant has been associated with 
enhancing progression to HCC and is more prevalent in Asian 
patients with genotypes B and C than in European and North 
American patients with genotypes A and D [ 125 ].  

     Modes of Transmission   

  As mentioned before, different genotypes are dispersed within 
populations by different main routes of transmission. In particular, 
genotypes B and C, which are predominant in populations with a 
high level of endemicity, vertical/perinatal transmission is the preva-
lent mode of propagation. On the contrary, in the developed coun-
tries, where genotypes A2 and D prevail and the endemicity level is 
lower/intermediate, the main transmission routes are horizontal and 
highly efficient, and are sexual (associated with A2) and percutane-
ous (associated with genotype D). These differences may explain 
different characteristics in the natural history of infection due to 
HBV genotypes. For example, the longer persistence of the period 
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of immunotolerance in HBV genotypes B and C may be useful in 
increasing the probability of transmission from the mother to the 
children. A HBeAg-positive mother has a probability of virtually 
100 % of transmitting the infection to an infant, who has a 90 % risk 
of developing a chronic infection characterised by a long immune 
tolerant phase lasting decades, in which HBeAg positivity persists. 
Similarly, where intrafamilial or percutaneous (through unsafe 
injections or transfusions) transmission prevails (such as in the 
Mediterranean area and Africa), genotypes able to give long- lasting 
HBeAg-negative chronic infections characterised by intermittent 
flares and remissions, such as genotype D in the Mediterranean area 
or E in Western and Central Africa, could be selected [ 64 ]. 

 The selective action of the prevalent mode of transmission at a 
population level on the different behavioural characteristics of the 
genotypes is well described by the differences between two closely 
related subgenotypes: HBV-A1 and -A2. In fact, subgenotype A1 is 
highly prevalent: the main mode of transmission at the population 
level is in the early childhood, whereas HBV-A2 is mainly transmit-
ted through high-risk sexual contact [ 126 ]. In Africa, where the 
prevalence of infection is high, the transmission can easily occur 
through massive environmental contamination; in this condition, a 
self-limiting, HBeAg-positive infection is sufficient to infect 
cohabiting susceptible children. On the contrary, the main sexual 
transmission of genotype A2 in developed countries may explain its 
relative initial benignity and the higher rate of chronic infections 
mainly due to BCP mutations, reducing but not abrogating the 
HBeAg expression. Similar  considerations can be made for geno-
type F, the most prevalent genotype in South America. This geno-
type is transmitted in early childhood on a community basis (rather 
than based on an individual family). Under these conditions, effi-
cient transmission requires a highly dense and close population 
with a high level of HBV endemicity, to have sufficient numbers of 
HBeAg-positive transmitters. These conditions are met in 
Amerindian populations [ 126 ]. 

 This observation may account for the common characteristics of 
genotypes F and A1 natural history as suggested by the high fre-
quency of HCC [ 124 ,  127 ] and the frequent association with 
HBeAg-positive infection in both cases [ 128 ].       
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          Introduction 

 Human immunodeficiency virus (HIV) is a retrovirus that can be 
transmitted from one individual to another via unprotected inter-
course (including anal and oral sex), via contaminated blood, and 
from an infected mother to her child (vertical transmission) during 
pregnancy, delivery or breastfeeding. This virus mainly affects 
T-lymphocytes, macrophages and central nervous system cells, 
as they exhibit the main viral receptor (CD4) on their plasma 
 membrane [ 1 ]. 
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  Acquired immunodeficiency syndrome (AIDS)   is the most seri-
ous manifestation of a range of HIV infection- related disorders. 
The  Center for Disease Control and Prevention (CDC)   of the 
United States defined the disease in 1982, and since that time, a 
variety of definitions of  AIDS  , in addition to various classifica-
tions of HIV infection based on clinical evidence and laboratory 
confirmation, have been developed. Currently, the classification 
system is based on clinical, immunological and diagnostic HIV 
features [ 1 ]. 

 It is estimated that there are over 33 million people infected and 
there have been 20 million deaths so far, with over 80 % of these 
infections transmitted sexually [ 2 ]. Many of these individuals are 
of childbearing age and the improvements developed in the treat-
ments that increase life expectancy and quality originated in the 
evolution of protocols accompanied by the growth and expansion 
of assisted reproductive technologies ( ARTs  )    that are employed to 
safely achieve successful parenthood in serodiscordant couples in 
which only one partner is infected, while keeping the partner and 
the offspring free of the virus. 

 The aim of this chapter is to analyse the currently available 
scientific evidence regarding the efficacy, effectiveness and safety 
of sperm-washing in HIV-positive men and its ulterior application 
in ARTs.  

    The Presence of HIV in the Ejaculate 
of Seropositive  Males   

  From the beginning, HIV was characterised as a sexually transmit-
ted disease, and semen from seropositive males has been identified 
as a transmission vector of HIV, although controversial results in 
early studies regarding the specific viral reservoirs within the 
ejaculate were published. 

 The presence of the virus in spermatogonia, spermatocytes and 
spermatids was demonstrated in pioneering studies [ 3 ]. However, 
this work was performed in atrophied testes from men who had 
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died of HIV; thus, this situation is not comparable, and their con-
clusions not applicable to cases of men with low viral load and 
normal sperm count [ 4 ]. 

 For decades, HIV has been identified as a virion (RNA) in the 
seminal plasma and as a provirus (DNA) in the cellular fraction of 
the ejaculate, knowing that HIV-positive men may have elevated 
levels of the retrovirus either in seminal plasma or in non-germ 
cells [ 4 ,  5 ]. 

 The adequate characterisation of the viral reservoirs of the 
ejaculate is crucial, mainly in relation to the presence or absence of 
viral load in sperm cells, which are the specific cell types of inter-
est to be employed to attempt conception. To this end, specific 
research on this topic has been conducted for years. 

 Although initially considered possible, as in the early 1990s 
several authors suggested that HIV might reside within the 
sperm cells [ 6 – 11 ] after the supposed identification of an HIV 
membrane receptor that was different from CD4 present in 
 spermatozoa, resulting in doubts being raised about the possibil-
ity of safely using sperm from infected males for reproductive 
purposes. 

 The presence of HIV in the sperm was also detected in the 
semen of seronegative men after culturing in vitro with high con-
centrations of the virus [ 12 ], although in 1998, Kuji et al. [ 13 ], 
contrariwise, did not confirm the intracytoplasmic  presence of the 
virus after the in vitro culture of spermatozoa with HIV. 

 Other authors have detected only the presence of HIV in the 
seminal plasma and/or in non-sperm cells in the semen (lympho-
cytes and macrophages), and occasionally in gametes, possibly 
because of an incomplete elimination of non- spermatogenic cells 
or seminal plasma, or an unspecific union with dead cells [ 14 ,  15 ]. 
They defend the complete absence of viral particles and nucleic 
acids in the sperm, showing that the separation of seminal fluid and 
non-sperm cells using the washing technique proposed in 1992 by 
Semprini reduces viral levels, as demonstrated historically by 
detecting viral particles using immunohistochemical techniques, 
but later increasing sensitivity by PCR and nested-PCR proce-
dures, as discussed later (Table  3.1 ) [ 5 ,  15 – 18 ]. 
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     Table 3.1     Separation   and human immunodefi ciency virus (HIV) detection 
techniques in sperm samples from HIV-positive patients   
 Study  Sperm-washing  Swim-up  HIV semen detection 
 Semprini 
et al. [ 5 ] 

 Double-density 
gradient (40–80 %) 

 Yes  Indirect 
immunofluorescence 

 Lasheeb 
et al. [ 18 ] 

 Double-density 
gradient (40–80 %) 

 Yes  NASBA-nested PCR 

 Marina 
et al. [ 4 ,  19 ] 

 Triple-density gradient 
(50–70–90 %) 

 Yes  PCR AMPLICOR 

 Chrystie 
et al. [ 26 ] 

 Double-density 
gradient (50–90 %) 

 Yes  NASBA 

 Hanabusa 
[ 51 ] 

 Quadruple- density 
gradient (56–64–72–
80 %) in double tube 

 Yes  Nested PCR 

 Sauer and 
Chang [ 39 ] 

 Double-density 
gradient (47–90 %) 

 Yes  None 

 Politch 
et al. [ 42 ] 

 Double-density 
gradient (47–90 %) 
in a double tube 

 No  RT-PCR 

 Garrido 
et al. [ 34 ] 

 Triple-density gradient 
(45–70–90 %) 

 Yes  Nested PCR 

 Mencaglia 
et al. [ 23 ] 

 Triple-density gradient 
(45–70–90 %) 

 Yes  None 

 Bujan [ 50 ]  Triple-density gradient 
(50–70–90 %) 

 Yes  HIV RNA PCR 

 Kato [ 52 ]  Double-density 
gradient 

 Yes  RT-nested PCR 

 Savasi 
et al. [ 31 ] 

 Double-density 
gradient (40–80 %) 

 Yes  Real-time PCR 

 Molina 
et al. [ 45 ] 

 Double-density 
gradient (40–80 %) 

 No  Real-time PCR 
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       Factors Conditioning HIV Transmission 
Mediated by  Sperm   

  Most infections result from genital exposure to semen of seroposi-
tive men, the risk of infection dependent on the number of virions 
and infected cells, the number and frequency of intimate contacts, 
the presence of other infections and genital lesions, the HIV infec-
tivity, host immunological susceptibility and the type of sexual 
practice [ 19 ]. 

 Furthermore, in relation to viral load, some studies suggest that 
blood plasma and seminal plasma might behave as different com-
partments, so that HIV can still be present and infective in semen 
even if blood levels remain undetectable [ 20 ]. This clearly points 
to the need to test sperm, instead of testing blood viral load, to 
assess reproductive options, and most importantly, to know that 
blood viral load is not useful in predicting the use for reproductive 
purposes of unwashed sperm cells. 

 Antiretroviral treatments may reduce blood and plasma virus 
levels, but RNA levels can still be detected in seminal plasma and 
non-sperm cells, supposedly because the diffusion and extent of 
antiretrovirals into genital compartments is quite variable, hypo-
thetically because germ cells are protected by the blood–testis bar-
rier, which prevents the entry of certain substances, including 
many drugs [ 21 ]. 

 The risk of horizontal transmission in stable couples is consid-
ered to be relatively low, whereas it is higher when an individual 
participates in occasional encounters with different sexual partners. 
In comparison, the risk of vertical transmission from mother to 
fetus is in some circumstances is higher: a HIV-positive man can 
infect his child through the mother although there is no evidence of 
HIV transmission from a father through an uninfected mother to 
the child. The risk when both partners are HIV-positive is linked to 
the possibility of introducing a reinfection with different viral 
strains, which may worsen the disease status [ 22 ,  23 ]. 

 In absence of safety measures in intercourse with HIV- positive 
males, virus transmission from man to woman is estimated to be 
roughly 1–3 per 1000 sexual acts [ 23 – 25 ].   
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    Assisted Reproductive  Technology      
in HIV- Positive Males 

 At the   beginning of the epidemic, the presence of virus in semen 
and vaginal fluids, the possibility of horizontal and vertical trans-
mission, the high level of morbidity for prospective parents and 
children, and the risk of transmission to medical personnel led to 
the refusal of the reproduction specialists to carry out infertility 
treatments in this population [ 20 ]. 

 With the introduction of  highly active antiretroviral therapy 
(HAART),   there was a delay and even a slowing down of the pro-
gression of AIDS, achieving extended survival and a better quality 
of life for people infected with HIV [ 1 ,  22 ,  24 ]. These advances 
have led the concept of the disease to be modified from being asso-
ciated with short survival to the idea of the condition being chronic, 
with a similar life expectancy to other chronic pathological condi-
tions, thus leading many seropositive people to have the possibility 
of becoming parents [ 23 ]. 

 The HIV-seropositive males whose partners are seronegative 
may still have doubts about their paternity options, regardless of 
whether or not they are fertile, because of the risk of transmitting 
the virus to a woman through the semen via the unprotected inter-
course that is necessary for successful conception, and also trans-
mitting it to the conceived child [ 4 ,  26 ,  27 ]. 

 Until recently, these couples were directed to sperm donation, 
adoption or abandoning their plans of having children [ 22 ]. The 
latter option is frequently not welcomed by these couples, mainly 
in countries where the other options are difficult or unavailable 
[ 28 ]. Improvements in the knowledge of the disease and in the field 
of assisted reproduction allow couples to form families under these 
circumstances and keep the risks to a minimum [ 20 ]. 

 The immediate consequence of this situation is the need for an 
adequate reproductive counselling, enabling the options to achieve 
pregnancy in those couples where one or both partners are HIV-
positive [ 29 ]. 

 Although it remains a controversial issue, some authors still 
argue that under certain circumstances and with controlled diseases 
and infected patients exhibiting particularly clinical characteristics, 
natural methods should not be underestimated [ 30 ]. 
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 In addition, another important aspect to note is that not all of 
these couples may be fertile at the time they attempt natural con-
ception, and one of the reasons for this may be age. Currently, 
males who suffered parenteral transmission due to drug addiction 
are usually in their 40s, and it is likely that their partners are also 
of a similar age [ 25 ]. 

 In these cases, those opting for repeated unprotected sex in 
order to procreate may increase the risk of viral transmission, 
resulting in women becoming infected without having had a sig-
nificant chance to get pregnant [ 27 ]. 

 In this case, what needs to be carefully considered is the risk/
benefit ratio, including the consequences of these acts in a scenario 
in which ART can avoid any hazard with almost 100 % safety. 

 The options that serodiscordant couples have for conceiving 
children when the man is HIV-positive and the woman is HIV-
negative are related to undergoing sperm washing protocols, con-
firming viral absence in the washed sperm, and afterwards, using 
the appropriate ART with either artificial insemination or  in vitro 
fertilisation (IVF)   to reduce the risk of transmission using their 
own gametes from infected males [ 24 ,  29 ,  31 ]. 

 Assisted reproductive technologies will allow the possibility of 
controlling the different stages of the reproductive process to mini-
mise exposure to the virus and its transmission between the two 
members of the couple by avoiding intimate contact.    

    Semen Quality in Seropositive Men 

   Semen quality   may be affected by HIV infection itself or the indi-
vidual’s overall health status [ 32 – 34 ], by the antiretroviral treat-
ments employed [ 33 ,  34 ], and in the case of using ARTs to prevent 
horizontal transmission, by the process of sperm- washing, as will 
be explained later [ 1 ,  34 ]. 

 Seminal characteristics of seropositive men have been the sub-
ject of many studies over the years. Several groups have compared 
semen samples from HIV-seropositive men with semen samples 
from healthy or HIV-uninfected men [ 32 – 34 ]. 
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 Some authors found changes in the pattern of sperm mobility, 
ejaculate volume and total sperm count [ 18 ,  32 ,  33 ]. However, in a 
paper published in 2005 by our group [ 34 ], no significant differ-
ences between groups were found, although a significant number 
of individuals (indicating enough statistical power) were available; 
thus, we were able to compare all the semen parameters between 
the groups, demonstrating that the variations found were not suf-
ficiently marked to impair fertility, except for those extreme cases 
with a noticeable deterioration in health quality due to the illness. 

 The potential negative effect of antiretroviral treatments on 
sperm quality has also been the aim of several studies that compare 
sperm quality in men with different antiretroviral treatments (bi-, 
tri- or quadritherapies) and men with no treatment. These studies 
have shown that the use or not of antiretroviral therapy affects the 
sperm quality, the different parameters being comparable in the 
two groups [ 33 ,  34 ]. This gives an important message to family 
planners affected by HIV, in the sense that they will not need to 
abandon therapy to undergo ART because of a collateral fertility 
impairment. 

 Increasingly, there is information about the fact that the quality 
of the semen cannot be measured only by means of the sperm count 
and mobility assessment. In this regard, several sperm molecular 
factors have been related to male infertility [ 35 ,  36 ]. 

 In addition, an indirect way of assessing semen quality is by 
evaluating the embryos obtained from its use, their quality and their 
ability to reach optimal blastocysts for later implantation and devel-
opment. This methodology for assessing semen was carried out by 
Melo et al. [ 37 ] by comparing the morphological features of embryos 
from HIV-serodiscordant couples with infected males and embryos 
from couples with infertility associated with tubal factor mainly as 
controls, using  intracytoplasmic injection (ICSI)   for both groups. 
The results they obtained showed that fertilisation rates, cleavage 
and embryonic characteristics were similar in the two groups, find-
ing no differences in the mean number of optimal embryos on day 3. 
When these embryos were cultured until day 5 or 6, a small but 
significant increase in embryonic arrest from embryos of serodiscor-
dant couples was observed; however, the number of optimal blasto-
cysts on day 6 was comparable in the two groups. Moreover, no 
differences in the number of cryopreserved and transferred embryos, 
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implantation, pregnancies, multiple pregnancies or miscarriages 
rates between the groups were found. Thanks to these results, Melo 
et al. concluded that HIV infections in serodiscordant couples with 
infected males do not generate a significant negative impact on the 
developing embryo or in  ICSI   outcomes [ 37 ]. 

 Regarding the relationship between HIV infection parameters 
and semen quality, the levels of CD4 and the viral count in blood are 
two of the most important values in describing the state of the dis-
ease. The decrease in CD4 blood levels is negatively associated with 
the duration of the disease [ 1 ], but did not seem to be related to 
sperm parameters. In this sense, low CD4 blood counts and a long 
evolutionary period of the disease are relevant factors for the sample, 
but are insignificant for the whole process of seminal-washing [ 34 ]. 

 Many research groups found changes in sperm concentration in 
samples from infected men [ 18 ,  32 ], the total volume of ejaculate 
decreasing as the time since the disease was diagnosed increased, 
afterwards increasing the total  concentration of sperm to the point 
of maintaining that number stable [ 33 ]. 

 In 2005, our group [ 34 ] did not find changes in the sperm con-
centrations of samples from infected patients and also showed that 
as the disease evolved, sperm motility was not affected.   

    Sperm-Washing to Eliminate HIV from Semen 

 Sperm-washing is a sperm preparation technique, developed from 
the modification of classical sperm preparation methods, and has 
been available since 1992 in some assisted reproduction units to 
separate motile sperm from the remaining seminal components, 
following astringent methods to obtain spermatozoa without HIV 
DNA and RNA particles from infected males, aiming to eliminate 
or minimise the risk of transmission to the mother and baby when 
the sperm cells are employed in ART [ 5 ]. 

 Before using, this washed semen needs to be analysed [ 38 ] to 
confirm the absence of virus in the treated sample by means of 
 reliable molecular diagnostic tests  , although some authors consider 
this confirmation step unnecessary because of the capacity of the 
procedure to diminish viral load in ejaculate [ 39 ]. 
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 In 2002, Sauer and Chang [ 39 ] published a paper in which they 
affirmed the increased security achieved through the use of  ICSI      
in protocols of assisted reproduction in HIV- serodiscordant cou-
ples. In the methodology of their protocol they did not include the 
detection of HIV viral particles in semen samples after washing 
because they stated that the detection techniques used in laborato-
ries showed low sensitivity. For this reason, they said that 
although detection is carried out before artificial insemination, the 
procedure was not without risk because a small number of viral 
particles could have remained undetected. This work has received 
several criticisms that claimed that although detection techniques 
were not extremely sensitive the solution did not lie in terminating 
its use [ 40 ]. Although the possibility of transmission is reduced 
through the use of ICSI, it is necessary to perform the safest 
method possible because the health of people is in our hands. In 
all cases testing for the detection of the virus in semen-washing 
samples should be carried out and those with positive results 
should never be used. 

 Semprini et al. [ 5 ] was the pioneer of the sperm-washing tech-
nique and published the first 29 cases of serodiscordant couples 
who had carried out  ARTs      after semen treatment by sperm wash-
ing. Fifteen women achieved term pregnancies without any sero-
conversion being found among them. This procedure provoked 
great interest and increased the hopes of many couples who wanted 
to have children without the risk of infecting the woman [ 5 ,  16 , 
 17 ]. In fact, sperm-washing is the first method used to avoid HIV 
transmission in serodiscordant couples where the man is HIV-
positive [ 29 ]. 

 Such treatments today, thanks to all the studies and literature 
available, have been implemented in different assisted reproduc-
tion clinics and countries, yielding a high level of safety with 
regard to horizontal transmission and high success rates in achiev-
ing pregnancy [ 4 ]. 

 This development is based on the demonstration that the viral 
reservoir within the reproductive tract and fluids are mainly located 
on seminal plasma and non-sperm cells, and therefore there is a 
huge reduction in the risk of transmission when using washed and 
selected sperm to inseminate oocytes [ 24 ]. 
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 Support for this technique is based on the hypothesis that the 
virus is not present in sperm, but is present in seminal plasma and 
non-sperm cells exhibiting  CD4 receptors   (classically for T lym-
phocytes and macrophages) [ 1 ]. 

 Thanks to the use of sperm-washing and ARTs, a noticeably 
large number of births of offspring free from HIV fathered by 
infected males has been reported, which is the proof that this theory 
is correct. 

    Sperm-Washing  Protocol   

  Although different variations of the sperm-washing techniques 
employed in different clinics exist, the elimination of HIV in raw 
sperm commonly consists of the application of a double and con-
secutive washing process for the semen sample, by means of 
slightly modified classical density gradients and swim-up [ 5 ]. 

 These two techniques are commonly used in sperm preparation 
for human reproduction to isolate and select the most suitable 
motile sperm for fertilisation. The particularity of sperm-washing 
in HIV-positive patients is that the two techniques are used together 
and consecutively, with higher volumes employed in comparison 
with non-infected samples, an astringent protocol aimed at signifi-
cantly reducing the risk of infection, compared with couples who 
try to conceive naturally [ 1 ]. Usually, only one routine sperm 
preparation is conducted in non-infected males. 

 The main variations in the sperm-washing technique observed 
between studies involve the different percentages of density gradi-
ents, time and centrifugal force, and the use of different methods to 
detect HIV after the sperm wash, although the spirit of the concept 
is the same: isolating only motile sperm. 

 Almost all authors report that they apply the technique initially 
proposed by Semprini in 1992, with small variations [ 5 ]. Some 
studies use discontinuous gradients with different concentrations 
[ 4 ,  14 ,  26 ,  41 ], whereas others use specifically designed double 
tube gradients [ 42 ], or do not perform the swim-up technique as a 
second step in sperm preparation [ 41 ]. Most of them, however, 
perform a combination of both methods: density gradients and 
swim-up (Table  3.1 ) [ 4 ,  14 ,  26 ]. 
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 Technically, taking the necessary precautions by keeping equip-
ment and reagents in the specific laboratory to avoid accidental 
operator injuries with infected biological fluids may involve, 
among others:

 –    A vertical laminar flow hood  
 –   A centrifuge with safety lids  
 –   Incubators, pipettes, nitrogen tanks, microscope, etc. specifi-

cally designed for this kind of samples, avoiding cutting or 
sharp objects.    

 Specific recommendations will be provided in other chapters 
within this book. 

 An example of a specific sperm washing protocol may 
include:

•    A first wash adding culture medium to raw semen in about 
2:1 proportions, where the sperm is thoroughly mixed with 
medium, centrifuged (2200 rpm for 10 min) and the supernatant 
removed. The pellet is resuspended afterwards in fresh culture 
medium [ 14 ].  

•   Density gradient centrifugation: the technique consists of estab-
lishing liquid layers of different densities. To make a density 
gradient (Percoll ® , PureSperm  ® , SpermFilter ® , Ficoll ® ) an iso-
tonic solution is used, and generally (in standard washing), three 
layers of 50, 70 and 90 % concentration, made from a diluted 
version of the mother solution, are used to separate different 
sperm cell fractions. Then, the semen sample is added on top of 
the tube containing the preparation of gradients and is centri-
fuged (1700 rpm, for 20 min). Each component of the sperm 
begins to cross through the different gradients until it reaches 
the layer where the solution density is equal to its density, also 
taking into consideration sperm motility.    

 The speed by which each component is settled depends primar-
ily on the cell size and shape, the smaller components needing 
more centrifugal force and more time to reach the same density 
layer than bigger ones. After centrifugation, motile sperm will be 
located in the higher density layer, that is, at the bottom of the tube. 
To recover motile sperm, the upper layers are removed to reach the 
90 % concentration layer with the help of different pipettes or 
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directly by  reaching the bottom of the tube to remove the pellet 
below avoiding disturbance of the upper layers (Fig.  3.1 ).

•       Swim-up technique  : this is also based on the selection of motile 
spermatozoa. The pellet recovered after the density gradient 
centrifugation is placed in a sterile tube with a sperm prepara-
tion medium (e.g. Sperm Medium, COOK, Brisbane, QLD, 
Australia). Then the tube is placed at a 45° angle in the incuba-
tor with a temperature of 37 °C and 5 % CO 2  atmosphere for 1 h. 
After this period, the upper layer of the supernatant with 
motile sperm is carefully collected and transferred into a new 
tube, meaning that the result is about 1 mL of washed sperm 
suspension (Fig.  3.1 ).     

 The sperm sample obtained is divided into several aliquots. One 
of them (only 10 μL) is employed to assess sperm count and mobil-
ity, another to determine the presence/absence of HIV (one half of 
the total volume available after washing) with the different molec-
ular biology techniques potentially employable, and the remaining 
(the second half) to be frozen by routine sperm freezing methods 
to use it later in the assisted reproductive treatment, after the con-
firmation of the absence of the virus in the washed sample. 

 The use of one half of the motile sperm retrieved with the seminal 
wash with nested PCR detection or other molecular biology tech-
niques allows extrapolation of the results to the remaining fraction 
of the sample that will be later employed in ART, thus being almost 
100 % sure of its safe use to prevent transmission, after the absence 
of a viral load in the analysed aliquot is confirmed. 

  Fig. 3.1    Sperm-washing protocol       
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 The decision to perform double washes to ensure maximum 
virus removal adversely affects the amount of sperm available for 
insemination or IVF. It is necessary that these patients have an 
initially high semen quality, as after a double sperm preparation, 
only a low percentage of motile spermatozoa is found in the pre-
pared sample, about 5 % of the total number available in the raw, 
unprocessed ejaculate [ 1 ,  34 ]. 

 Nevertheless, special situations have been reported, and solu-
tions raised in recent publications by our group, where the modifica-
tion of the usual sperm-washing protocols, involving a  less stringent 
method   is described for samples with a very limited amount of 
motile sperm and even in testicular biopsy samples [ 5 ,  16 ,  17 ]. 

 Undoubtedly, the theoretical risk of transmitting HIV with 
washed sperm should be lower than the risk observed in serodis-
cordant couples who have unprotected intercourse [ 27 ].    

    HIV Detection in Either Semen or Washed Sperm 

 The HIV belongs to the retrovirus family and has the ability to 
synthesise the reverse transcriptase enzyme, thus having the pos-
sibility of transforming RNA into DNA to be inserted into the 
genome within the host cell. In general, HIV detection techniques 
are based on the amplification of well- defined sequences of viral 
nucleic  acids  . 

 Historically, different techniques have been used to  determine   
the presence or absence of the virus (Table  3.1 ). The first reports of 
women and newborns uninfected after the sperm-washing protocol 
and artificial insemination were published in Italy. Semprini et al. 
[ 5 ] performed HIV immunofluorescence detection for  antigen p24  . 

 There are several commercial methods for determining viral 
load, among them HIV RNA PCR (Amplicor HIV-1 Monitor; 
Roche Molecular Systems), branched chain DNA (bDNA; 
Quantiplex HIV RNA Assay; Chiron), nucleic acid sequence based 
amplification (NASBA ;  (NucliSense; Organon Teknika). 

 The  first-generation techniques      were only able to detect from 
10,000 copies/mL. The most frequently used techniques (second-
generation) have a lower detection limit from 200 to 400 copies/
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mL [ 1 ], thus enhancing safety by reducing false- negatives. The 
detection method NASBA is a commercial method (third-genera-
tion) that includes a sequence as a control system to demonstrate 
the efficiency of amplification for each sample tested. Its sensitiv-
ity is as low as 50 copies per reaction [ 18 ]. Although this method 
has a low detection limit, the fact that a processed sample is nega-
tive, as with any analytical technique, still does not mean it is 
100 % free of the viral load [ 26 ]. 

 The most widely used method of detection is the  standard PCR   
(polymerase chain reaction), consisting of the enzymatic amplifi-
cation of specific sequences of the viral genetic material, allowing 
quantification of HIV DNA and HIV RNA from the motile sperm 
obtained by sperm-washing (proviral and viral load). 

 It is possible that  standard PCR   procedures may not be suffi-
cient to determine viral levels in seminal plasma samples, because 
there is a limit to the number of copies that can be detected, and 
also because a specific protocol for nucleic acid extraction is nec-
essary in semen samples, owing to the existence of polymerase 
inhibitors [ 25 ]. The sensitivity of the technique is usually around 
200 copies/mL of RNA, estimated at about ten infected cells. It is 
possible that a few sperm contain HIV and it is not detected, but it 
is impossible to be 100 % sure, because the PCR is applied to a 
fraction of the sperm sample and the other fraction will be used for 
AI or IVF [ 4 ]. Moreover, in 2006, Persico et al. [ 43 ], compared in 
situ PCR vs nested PCR in unprocessed semen and in washed 
semen. They concluded that in situ PCR was inadequate for HIV 
detection, whereas nested PCR was recommended. 

 Currently, the technique that has proved to be more sensitive in 
determining the presence/absence of HIV nucleic acid in washed 
sperm is  nested PCR.   This method allows the detection of a single 
copy of viral RNA or DNA. With the application of this detection 
method, it has been shown that many samples that were considered 
negative using commercial detection methods were not completely 
free of viral particles [ 14 ,  40 ]. However, no reports of infection 
after checking viral presence using standard PCR or others have 
been published, and despite not being the most sensitive method 
that exists, given that very low levels, and thus few exposures are 
conducted, this difference between methods could be considered 
hypothetically harmless. 
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     Prediction   of the Result of Seminal Washing 

  Currently, there are insufficient data to show that certain sperm or 
disease parameters are able to predict the success or failure of 
seminal washing, to explain the small percentage of cases into 
which this procedure fails, forcing to the technique to be repeated 
to obtain sperm samples without the virus. 

 Positive results (meaning that some viral particles are still pres-
ent in the washed sample) may be due to the inappropriate handling 
of the ejaculate during the washing process, leaving in the sample 
round cells or seminal fluid traces susceptible to carrying infective 
particles, such as lymphocytes and/or macrophages [ 27 ]. 

 Nowadays, the only information that can be given to patients is 
the experiences of various research groups, and seems to point to 
the fact that the rate of positive washings may be around 1–5 % 
according to different reports. Moreover, the influence of the con-
centration and volumes of different density gradients used in the 
swim-up to give positive results is negligible [ 34 ].    

    Effectiveness of Washed Sperm in ART 

     Reproductive results obtained with washed sperm in assisted repro-
duction have been described to be comparable with those obtained 
in couples attending  ART      units for infertility and also exhibiting 
optimal embryo quality, depending on the age group, as expected 
for non-infertile couples [ 23 ,  25 ,  31 ,  37 ,  44 ]. 

    Use of Artificial Insemination vs Intracytoplasmic 
 Injection      

 Artificial insemination has been the initial method of choice for 
ARTs in HIV-discordant couples for decades when women’s gyn-
aecological tests and motile sperm count are compatible with a 
good likelihood of pregnancy [ 5 ,  19 ,  25 ,  45 ]. 
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 However, there are many cases, as with non-infected males, 
where artificial insemination use is not indicated, because of a pre-
dicted low probability of success in specific infertility cases, for 
example, in HIV-negative women with obstructed fallopian tubes, 
in men with low sperm quality or a low total number of spermato-
zoa after seminal washing, or even after repeated artificial insemi-
nation failure. In these cases, the use of classic IVF or ICSI is 
recommended [ 19 ,  44 ,  46 ]. Still, the use of ICSI is widely debated, 
apart from its classical use, as the systematic first choice to decrease 
the chance of infection when using sperm from seropositive males. 

 From a cost/benefit approach, although ICSI is more expensive 
than artificial insemination, the cost per child at home may be simi-
lar, and the total duration of treatment is lower [ 25 ]. The advan-
tages of favouring ICSI rather than AI as a first option in 
HIV-serodiscordant patients are as follows:

    1.    The risk of infection with the use of a single sperm per oocyte is 
reduced compared with women who received millions of them 
in a cycle of artifi cial insemination [ 19 ,  20 ,  28 ,  39 ,  44 ].   

   2.    Cycles are not cancelled if the sperm washed still has a positive 
viral load in a fresh sample (and the need to have a molecular 
biology result the same day). For ICSI, sperm remains frozen 
after washing, making it possible to repeat the HIV detection tests 
as many times as necessary until trustable results are confi rmed, 
because the sample is processed before the cycle is started.   

   3.    Pregnancy rates are higher in ICSI than in IA, as much as three 
times higher (generally speaking 40–45 % vs 10–13 % livebirth 
rates per attempt), reducing the time required for the conception 
and also reducing anxiety and stress for the couple facing this type 
of treatment and viral exposure with repeated cycles [ 20 ,  23 ,  39 ].   

   4.    Optimising and making the sperm washing protocols and analy-
sis profi table. The washed sperm, which is negative, given that 
has been frozen in small aliquots, can be used in different cycles, 
without the need for further washings, increasing the costs of the 
whole process.   

   5.    It is not necessary to retrieve a large number of sperm to achieve 
appropriate pregnancy rates post-washing [ 20 ].    
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  For these reasons, ICSI is the preferred and safest method used 
so far, because in discordant couples the possibilities of HIV trans-
mission are reduced and pregnancy rates are maximised. 

 The obvious disadvantage of ICSI compared with insemination, 
when both techniques could be employed, are the side effects asso-
ciated with these procedures in women, although some, such as 
ovarian hyperstimulation syndrome, seem to have been abolished 
in recent years. 

 Some authors have argued with regard to the possibility of 
entering unconsciously viral particles using the micromanipulation 
protocols, but to our knowledge, this point has never been 
demonstrated. 

 Although HIV infections have been reported when using 
unwashed sperm in IUI, [ 47 ], where 7 out of 199 women who were 
artificially inseminated with semen from HIV-infected donors 
(3.52 %) were finally seroconverted as HIV- seropositive. On the 
other hand, there is currently no information available indicating 
that washed and tested sperm can transmit the retrovirus, as clinical 
cases of assisted reproduction performed using a seminal wash, 
molecular confirmation of viral absence and ARTs, IVF, ICSI or 
IUI [ 31 ], no seroconversion occurred in neither mothers nor new-
borns, justifying the effort invested in each individual patient dem-
onstrating the safety of the procedure.       

     Ethical and Social Issues   

  Sperm-washing followed by ART to minimise the risk of infection 
or horizontal transmission to the couple has generated some ethical 
and social dilemmas and concerns. 

 Given that HIV-infected patients have a chronic course of the 
disease and many of these patients are of reproductive age, to avoid 
infections, it is necessary to involve sperm- washing and some of 
the different ARTs that are available nowadays [ 1 ]. The ARTs in 
this case (serodiscordant couples who want to have a biological 
child) respond to the need to prevent infection rather than infertility 
problems. 
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 There are in essence two concerns raised and reasons given for 
denying the ARTs in these couples: first, the risk that the child will 
be orphaned; and second, the possibility of the woman being 
infected and therefore the child. Regarding the first, the situation is 
exactly the same as with seropositive women: the survival period 
is extended because of the better control of opportunistic infections 
and the increased efficacy of antiretroviral therapy. The risk of 
virus transmission from infected men to seronegative women can 
be considered almost completely eliminated after sperm-washing 
and ARTs [ 22 ]. 

 In 2001, an editorial entitled “HIV and infertility: time to treat” 
[ 48 ] provided arguments that led to debate and increased aware-
ness of the problem. This editorial argued that there is no justifica-
tion for denying treatment to parents who are HIV-positive: the use 
of antiretroviral therapy during pregnancy and childbirth, the cae-
sarean delivery and avoidance of breastfeeding are proven mea-
sures that reduce the risk of vertical transmission to below 2 %. 

 In comparison, the risk of congenital malformations in new-
borns from HIV-negative mothers is 2.5 %, whereas this increases 
four-fold if the mother is diabetic insulin- dependent and ten-fold if 
she has a significant congenital malformation. 

 Currently, this disease is considered a chronic condition in 
which the life expectancy from the time of diagnosis in patients 
who receive treatment is over 20 years. Therefore, it is necessary 
to seek reproductive options for these patients. Nowadays, HIV-
positive people are be able to have unaffected children and do not 
transmit the disease to their partners, although success is not 
guaranteed. 

 The authors conclude that couples in which one or both partners 
are infected should have access to the same advice and treatments 
as uninfected patients to allow them to conceive with a minimal 
risk of infection. Other alternatives can also be discussed, such as 
adoption, not having children, or sperm donation [ 20 ,  49 ]. 

 Regarding HIV and health personnel, if the universal standard 
measures to prevent the transmission of infectious diseases are 
undertaken, the risk of HIV transmission is very small, and is not 
in itself sufficient reason to deny infected patients and their part-
ners reproductive services [ 20 ,  26 ,  49 ].   
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    Conclusions 

 To date, we can confirm, with the evidence available, that semen is 
a vehicle of transmission of HIV infection, although its presence in 
the sperm or germ cells, although a controversial issue that is still 
unresolved, seems difficult, given the low percentage of a positive 
viral presence after sperm-washes and the absence of infections in 
women and children. The sperm-washing, confirmation by means 
of sensitive molecular biology techniques and mainly ICSI are the 
most appropriate procedures for reducing the risk of HIV transmis-
sion in serodiscordant couples with an infected man, regardless of 
their fertility status, in a cost-effective and safe manner.     
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          Introduction 

    The Virus 

 The human immunodeficiency virus (HIV) is an RNA virus dis-
covered at the beginning of the 1980s [ 1 ] with a  replicative cycle   
that can be divided into two phases: in the first phase the virus 
enters the cells [ 2 ], copies its RNA into a double- stranded DNA, 
and integrates this newly copied genome into the host cell. The 
second phase consists of the synthesis and processing of the viral 
genome, its mRNAs and proteins. Finally, the assembly and exit of 
the virus from the host cells occurs [ 3 ]. 
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 The most important  characteristic   of HIV is the destruction of 
the host’s immune system [ 4 ], although neurological and tumori-
genic properties are also often seen. The differences in  clinical 
manifestations   are due to HIV tropism of both macrophages and 
lymphocytes [ 5 ]. 

 The high error rate of the enzyme reverse  transcriptase  , which 
plays a role in the process of retrotranscription of the viral genome 
in the host cell, causes genetic variability in HIV, and it is respon-
sible, on the one hand, for a high proportion of defective virions, 
and, on the other, for the generation of a high diversity in the viral 
proteins, that allow for its escape from the control of a specific 
immune response [ 6 ].  

     Epidemiology of   HIV/AIDS 

  Global data on the number of individuals infected indicate clearly 
the relevance of this disease. According to UNAIDS [ 7 ], 35.3 
(32.2–38.8) million people are currently infected worldwide. In 
underdeveloped countries, the number of people infected by HIV 
is particularly high; in Africa alone there are around 25 million 
infected. This is because the chance of these people receiving 
adequate treatment is low there is a high level of infection trans-
mission, sexually and vertically. This results in high HIV-related 
mortality. However, this problem is not exclusive to developing 
countries. For example, in areas such as North America and 
Eastern Europe there are 1.3 million and 860,000 people infected 
respectively, although their prognosis is better overall, because of 
the easier access to treatment in those countries. 

 Since the introduction of antiretroviral drugs, there has been a 
progressive decrease in the number of new infections worldwide, 
now 2.3 (1.9–2.7) million each year, a 33 % decrease since 2001, 
when the figure was 3.4 (3.1–3.7) million per year. At the same 
time, deaths have decreased over time, reaching the 1.6 (1.4–1.9) 
million mark in 2012, a marked decrease from 2.3 (2.1–2.6) mil-
lion in 2005.    
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    Women and HIV 

 Worldwide, a little more than half of the people living with HIV are 
women.  Heterosexual transmission   of HIV has been increasing 
steadily, and it is more frequent in women than in men [ 8 ]. 

 Women between the ages of 15 and 24 are twice as likely to 
become infected with HIV [ 7 ]. The majority of infections are sex-
ual [ 9 ] and most women who become infected with HIV do so 
because their partner engages in risky behaviour. In certain coun-
tries, a woman might think that she has no right to ask her partner 
to use a condom, even though she knows that he has had sexual 
relationships with other partners [ 10 ]. Research has repeatedly 
shown the relationship between sexual abuse and the risk of these 
women becoming infected with HIV [ 11 ]. 

 If we look in detail at the  transmission network  , we see that, for 
instance, female sex workers are often intraparenteral drug users, 
and that a high proportion of their clients also have other sexual 
partners, whether spouses or stable partners; furthermore, many 
men who have sexual relationships with other men also have them 
with women, and the overall concept that emerges from this picture 
is that no mode of infection stands isolated from the others.  

    Fertility in HIV-Infected Women 

 Male   fertility   does not seem to be significantly affected by HIV, 
although it is hard to gather reliable data on the matter, as couples 
where the man is infected are recommended to have sexual rela-
tionships only with condoms and to try to achieve pregnancy using 
ART technology to minimise transmission. However,  artificial 
insemination (AI)   data from these couples indicate that the preg-
nancy rate is 26.2 %, whereas the pregnancy rate following  in vitro 
fertilisation (IVF)   is 37.2 % [ 12 ]; consequently, the reproductive 
outcomes of these serodiscordant couples are comparable with 
those of the general population. 
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 In contrast, it is difficult to analyse the spontaneous fertility of 
HIV-infected women. Some authors report a diminished number of 
pregnancies [ 13 – 17 ]. An Australian study found that HIV-infected 
women had a birth rate that was half that of the general population 
[ 18 ]. One reason for this decrease might be the increased use of 
condoms in this population, with the objective of protecting them-
selves from infection, and also as a tool to avoid pregnancy. 
Another reason might be because of the lower level of sexual activ-
ity of women after receiving a diagnosis of HIV, more so if they are 
at an advanced stage of the disease [ 19 ]. Therefore, we could con-
clude that the decrease in reproductive outcomes in HIV- infected 
women is mainly due to changes in behaviour. 

 Following this line of reasoning, we may think that studying 
female fertility in underdeveloped countries might be less affected 
by women’s behavioural changes, as usually there is less access to 
both contraception and pregnancy termination services. The diag-
nosis of HIV still affects women’s behaviour [ 20 ], even though 
their desire to reproduce remains high [ 21 ]. 

 A study carried out in Uganda, analysing the prevalence of con-
ceptions, pregnancies and abortions, indicated a higher pregnancy 
rate in women not infected with HIV. Analysing women who were 
infected, but who had no apparent signs of disease, the pregnancy 
rate was higher than in those women with apparent signs of infec-
tion; moreover, the spontaneous abortion rate was higher in 
infected women than in non- infected ones [ 22 ]. A similar work 
carried out in Kisesa found a substantial reduction in natural fertil-
ity, even adjusted for age [ 16 ]. In conclusion, we can say that HIV-
infected women do have reduced fertility, although it is still unclear 
whether this is due to changes in their sexual behaviour.   

     Therapeutic Management   

 Antiretroviral treatment, and especially the combined utilisation of 
these drugs, has caused a significant decrease in the incidence of 
AIDS and in the HIV-associated mortality, and has lowered the 
mother-to-child transmission rate; these events have created a radical 
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change in the quality of life and life expectancy of infected patients. 
HIV infection has become a chronic infection and as a consequence 
both more and more infected men and women are considering the 
option of having children. 

 As HIV is a disease that mainly affects the population of repro-
ductive age, and because the most significant route of infection is 
via heterosexual intercourse, the use of assisted reproduction tech-
nologies (ARTs) has become of central importance as a preventive 
tool. In couples where the woman is infected with HIV, the goal of 
ARTs is to allow for a pregnancy while at the same time avoiding 
transmission of the infection to either the partner or the child.  

    ARTs in HIV-Infected Women 

 In the context of  ART   and HIV, it is critical to know that all women 
who are infected with HIV, and who are therefore at risk of trans-
mitting the disease while attempting to reproduce, are identified. 
For this reason, it is mandatory that measures are introduced to 
detect all infected women, which in turn will lower the risk of 
vertical transmission (between mother and child). Attention needs 
to be drawn to early diagnosis before conception and/or at the 
beginning of pregnancy; counselling needs to be available to 
women with the desire to reproduce, so that they can take action 
during the  pregnancy   to minimise the risk of their children being 
born HIV-free. 

 There are two distinct situations in this regard: on the one hand, 
we have citizens of countries with good access to  antiretroviral 
drugs   and  good prenatal services  . The good results obtained with 
antiretroviral treatments, the media coverage on infection routes 
and preventive strategies for vertical transmission have meant that 
increasingly, HIV-infected couples consider having children a real 
possibility. This is true in couples where both individuals are 
infected and in those where one of the members of the couple is 
infected. These are the cases in which we can apply all reproduc-
tive technologies developed to date to obtain pregnancies, while 
lowering the risk of vertical transmission (see below). 
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 On the other hand, in developing countries, both the knowledge 
 needed   to avoid transmission and the access to antiretroviral treat-
ments are low; therefore, it becomes of paramount importance to 
develop strategies focused on lowering the incidence of vertical 
transmission, regardless of the possibility of offering ART 
assistance. 

 Below,  we detail the  recommendations   for medical profession-
als who attend to women wishing to reproduce, to pregnant women 
and to their newborns. These guidelines have been prepared and 
published by the expert group of the Secretaría del Plan Nacional 
sobre el Sida ( SPNS  ), Grupo de Estudio de Sida ( GeSIDA  )/
Sociedad Española de Ginecología y Obstetricia ( SEGO  ) and the 
Sociedad Española de Infectología Pediátrica ( SEIP  ):

    1.    Evaluate the different options to obtain a pregnancy; among 
them ARTs, with the main goal of avoiding transmission, even if 
both partners are already infected by HIV.   

   2.    If we encounter a pregnant HIV-infected woman, we need to 
know the most up-to-date protocols related to the use of antiret-
roviral drugs, both to improve the woman’s health and to mini-
mise as much as possible the risk of vertical transmission. This 
can be achieved with adequate management of both pregnancy 
and delivery.   

   3.    Avoid an HIV-infected woman reaching delivery without being 
aware of her state of infection. To attain this objective, it is neces-
sary to measure anti-HIV antibody in all women wishing to have 
a baby; if the woman is already pregnant, this analysis should be 
carried out in the fi rst trimester, and regularly thereafter, espe-
cially in the third trimester, with the objective of identifying those 
who became infected while pregnant. If a woman reaches the 
time of delivery without knowing her state of infection, a rapid 
test should be urgently conducted to provide, if needed, the means 
of preventing vertical transmission during delivery of the child.   

   4.    Develop an appropriate follow-up of the newborn, who will 
have been exposed to both the HIV virus and to antiretroviral 
drugs through the mother.     

  People infected with HIV resort to ARTs for two main reasons: 
an infertility problem or to avoid transmission of the virus. 
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 Originally, HIV infection per se was considered to be a formal 
contraindication to reproduction, and ethically unacceptable. 

 Currently, this ethical debate no longer exists, and medical soci-
eties do not question the right of HIV-infected people to access 
ARTs [ 23 ,  24 ]. 

 On the other hand, ART laboratories should update their set-ups 
to work with contaminated samples without the risk of infection for 
other patients. Health professionals should be trained to handle 
samples (oocytes, sperm and embryos), which must be handled 
under the assumption that they are contaminated. For this reason, 
everybody in the ART laboratory who is involved in these pro-
cesses must have detailed knowledge of infectious diseases. 

 When evaluating which ART technique to suggest, the first 
distinction is based on knowing which of the couple is affected: the 
woman, the man, or both. 

 We also need to take into account the probability of HIV trans-
mission when one of the members of the couple is infected, which 
in general terms is low [ 25 ], but which increases progressively 
with the viral load of the infected individual, or when there are 
lesions such as ulcers, inflammation, or abrasions in the genital 
area of the non-infected partner. This risk of sexual transmission is 
reduced while the infected individual is undergoing a combined 
antiretroviral treatment, and especially when the viral load is unde-
tectable [ 26 ,  27 ].  

    ART Selection in the HIV-Infected Woman 

     Self-Insemination   

  An HIV-infected woman desiring a pregnancy does not need to 
resort to IVF as the first line of treatment. A simple way to avoid 
infecting an HIV man is to resort to self-insemination [ 24 ]. This 
procedure can be performed by the woman herself or by her partner, 
injecting into the vagina with a needleless syringe the sperm, which 
can be collected using a special condom without spermicide after a 
protected intercourse, in the fertile phase of the menstrual cycle. 
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Unprotected intercourse is not a suggested course of action, given 
the simplicity of the self-insemination technique. As discussed 
 previously,  HIV- infected women may be affected by subfertility; 
therefore, it is always suggested that a basic fertility study be 
 performed, and IVF is recommended after 1 year of performing 
self- insemination that does not result in pregnancy.   

    Clinical Study  of   the Couple 

 It is important when evaluating the fertility of these couples not to 
delay their reproductive desire unnecessarily [ 28 ]. In the prepara-
tory work-up for an ART technique in a couple where the woman 
is infected with HIV, we carry out the same explorations as if it 
were a non-infected couple, in addition to the following: 

 For both members:

 –    Cervical and/or urethral cultures (chlamydia, gonorrhoea)  
 –   General analytics and serological evaluation (syphilis and 

hepatitis)    

 For the HIV-infected woman:
 –    Specific study of HIV, CD4 and the viral load  
 –   Written opinion of the infectologist stating that the infection 

is controlled and that the risk of transmission is minimal for 
the non-infected partner  

 –   HIV serology, which will be repeated regularly     

    Artificial  Insemination      or In Vitro  Fertilisation   

    When deciding to perform an ART, the following aspects should be 
evaluated:

    1.    The stability of the HIV infection, together and in agreement 
with the infectologist, who is the reference physician for the 
patient. In the pre-conception consultation, it is important to 
explain the problems that might be associated with IVF, the risk 
of vertical HIV transmission and the  possible drawbacks in the 
use of antiretroviral drugs during pregnancy.   
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   2.    The ART technique that is best suited for the situation, and the 
most adequate stimulation protocol taking into account the basic 
sterility study, the ovarian reserve, and the potential for the hor-
monal response of the HIV- infected woman.   

   3.    The likely success rate must be discussed, and the fact that the 
results obtained might not be as good as hoped for [ 24 ].     

     Ovarian Stimulation   

 Before the beginning of controlled ovarian stimulation, a specific 
informed consent form must be signed to proceed with the ART 
technique, in which the general risks of the technique, in addition 
to the specific risk due to HIV infection, are described in detail. 

 There are no studies investigating which is the better stimula-
tion protocol, or whether some stimulation drugs are better than 
others, or if we need to change the stimulation protocol in some 
way because of the HIV infection. However, all stimulation proto-
cols in HIV-infected women need to take into account a likely 
ovarian resistance to stimulation, and that the need for higher doses 
of gonadotropins is related to lower pregnancy rates [ 29 ].  

    Ovum Pick-Up 

 The ovum pick-up technique is carried out in the same way as for 
any other patient, following the same protection rules to avoid 
infection of the personnel and of other patients.  

     Embryo Transfer   

 Some studies report that HIV-infected women present a higher rate 
of prematurity, growth retardation, preeclampsia and fetal death 
[ 30 ,  31 ]. We also know that there is an increase in the materno-fetal 
transmission when the membrane rupture is for longer than 4–6 h, 
especially if it is accompanied by a labour lasting more than 5 h 
[ 32 ]. Twin pregnancies are at a higher risk of prematurity [ 33 ]; 
therefore, ideally only one embryo should be transferred [ 34 ]. 
However, given the lower success of ARTs in these patients, it is 
suggested that a less restrictive approach should be used. 

4 Reproductive Assistance in HIV-Serodiscordant Couples…



100

 Oocyte donation cycles in HIV-infected patients provide results 
that are similar to those from non-infected recipients; oocyte dona-
tion can therefore be proposed and, in this case, the transfer of just 
one embryo should be carefully considered.       

     ART Outcomes   in Couples with 
an HIV- Infected Female 

  There are some data available in the literature on ART outcomes in 
couples where the woman is infected with HIV. The first study of 
this kind was by Ohl et al. [ 35 ], in which the authors report a lower 
pregnancy rate in these couples after IVF compared with control 
groups, with a pregnancy rate per ET of 9.1 %; subsequently, the 
same group reported a new study with a larger number of cases 
where the pregnancy rate was 23.9 % [ 36 ]. In that same year, 
another research group reported ICSI results in HIV-infected 
women, with a pregnancy rate of 16.1 % compared with 19.6 % in 
control groups [ 37 ]. In 2006, Coll et al. studied couples where 
either one or both members were infected and who had undergone 
an ART [ 29 ]. After pairing by age with a non-infected group of 
couples, the authors compared women using their own oocytes for 
the ART technique with those who resorted to donor oocytes. This 
study allowed for a more comprehensive study of HIV and the 
effects of HIV treatment on reproduction. Six groups of patients 
were created:

   Group I: Undergoing IVF, with an HIV-infected woman  
  Group II: Undergoing IVF, with an HIV-infected man  
  Group III: Undergoing IVF, where neither partner was infected.  
  Groups IV to VI: The same as for groups I–III, except that the 

couples were using donor oocytes for treatment    

 Results show that the couples in which the woman is HIV- 
infected (group I), had a lower pregnancy rate than the two control 
groups. Pregnancy rates were 16 %, 45 % and 40 % for the three 
groups respectively. The numbers of biochemical abortions and 
spontaneous abortions were similar, as has already been reported in 
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the literature [ 14 ]. The groups of patients receiving donor oocytes 
(groups IV–VI) did not show any statistically different pregnancy 
rates (40 %, 56 % and 49 % respectively). 

 In 2006, Manigart et al. [ 38 ] studied 47 couples where the 
woman was infected with HIV and was undergoing ARTs. The 
pregnancy rate per artificial insemination was 25 % and when the 
man was not infected, the pregnancy rate per transfer was higher 
than when both partners were (28.1 % vs 12.5 %). The study 
reported a pregnancy in two of the women receiving donor oocytes. 

 In 2006, Martinet et al. [ 39 ] published a study analysing the 
response to the stimulation of HIV-infected women and found that 
the pregnancy rates per transfer were 14 %. 

 In 2009, Douglas et al. analysed 17 HIV-infected women, 14 of 
whom underwent IVF with implantation rates similar to their con-
trol groups (15 % vs 19 %) and three others achieved pregnancy 
through oocyte donation [ 40 ]. 

 In 2010, Prisant et al. [ 41 ] analysed 52 couples in which the 
woman was infected with HIV and found no differences in the 
pregnancy rate per transfer compared with a control group in which 
the man was infected (17.6 vs 22.2). 

 In 2011, Santulli et al. [ 28 ] analysed 74 HIV-infected women 
who were undergoing IVF cycles. In 57 couples the man was not 
infected with HIV and they found clinical pregnancy rates that 
were not statistically different from the control groups (26.3 % vs 
36.3 %). However, when the man was also HIV-infected, there 
were significant differences (12 % vs 41 %). 

 In 2013, Nurudeen et al. [ 42 ] reported an analysis of 36 HIV-
infected women who were undergoing a cycle of IVF with partner 
sperm or donor sperm. The authors found no significant differences 
compared with their control groups in those cycles in women aged 
under 35 years ( n  = 8); however, in women over 35 years ( n  = 52) 
the rate of live births per embryo transfer was significantly lower 
among infected women compared with the control groups (6 % vs 
24 %  p  = 0.04). These authors performed 15 cycles in women 
receiving donor oocytes, with a pregnancy rate per transfer of 
86 %. It is relevant that in this study, 92 % of women were undergo-
ing antiretroviral treatment, their CD4 levels were very good, with 
an average of 707.1 Cell/mm 3 , and all had undetectable viral loads 

4 Reproductive Assistance in HIV-Serodiscordant Couples…



102

at the time of the start of the cycle. The authors conclude that the 
presence of a well-controlled HIV infection does not worsen IVF 
outcomes. 

 Although the data available seem conflicting, it seems that HIV 
infection affects the results of ARTs; significantly, we do not know 
yet the mechanisms by which it occurs, nor do we know whether 
HIV affects reproduction by an action at the hypothalamic–pitu-
itary–gonadal axis stage, the ovary, and the oocyte, or on the recep-
tive capacity of the endometrium. The possible mechanisms for 
this are analysed below.   

    Possible Causes of a Decline in  Fertility   

  While some studies discuss their results with oocyte recipients, only 
one work makes a comparison with a group with the same charac-
teristics but without HIV infection [ 29 ]. This allows for the study of 
factors both before and after the embryo transfer. There were no 
differences among groups in terms of basal hormonal assessment, 
suggesting a normal ovarian reserve. However, women infected 
with HIV seemed to have an increased ovarian resistance to gonad-
otropins, which in turn may explain the decrease in pregnancy rates. 
HIV infection is not believed to affect ovarian aging [ 43 ]. 

 Women infected with HIV respond to stimulation in a similar 
manner to the control groups, which suggests that there might be a 
similar ovarian reserve [ 39 ]. In the study by Nurudeen et al. [ 42 ] 
cancellation rates were 20 % owing to a low response rate and in 
Manigart’s study [ 38 ], the rate was 42.9 %. Hence, the main source 
of low pregnancy rates might be thought to be found in the oocyte, 
possibly because of worse cytoplasmic maturation. 

    Mitochondrial Origin 

 It has been shown that nucleoside analogue antiretroviral treat-
ments are toxic to mitochondria [ 44 – 48 ], and that the incidence of 
persistent mitochondrial abnormalities in the population exposed 
to antiretroviral therapy is higher than that observed in the general 
population [ 49 ]. 
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 Also, when follow-up has been carried out on children born to 
mothers infected with HIV who had treatment with antiretroviral 
nucleoside analogues, it was observed that there was a relationship 
between mitochondrial dysfunction and prophylaxis [ 50 ]. Likewise, 
a decrease in mitochondrial DNA and in their ability to become 
fertilised has been observed in the oocytes of women infected with 
HIV who underwent infertility treatments [ 51 ,  52 ]. These low lev-
els of mitochondrial DNA have also been seen in the oocytes of 
patients with ovarian insufficiency [ 53 ]. 

 As explained earlier, if antiretroviral treatments are able to 
affect the mitochondria, it is also reasonable to think that antiretro-
viral treatment might alter embryonic development and therefore 
the outcome of ART.  

    Viral Origin 

 Mitochondrial alterations as a cause of low ART efficiency are chal-
lenged when we analyse studies carried out in developing countries 
[ 17 ], where access to antiretroviral treatment is low and there is none-
theless a decrease in fertility. Moreover, women who received antiret-
roviral treatment succeeded in achieving pregnancy with greater ease 
[ 54 ]. Thus, we realise that it may not only be the antiretroviral treat-
ments that affect fertility, but probably the infection itself, the HIV 
virus, the immune alterations caused by the infection or secondary 
diseases, that can alter the reproductive capacity of these women. 

 Therefore, it could be the virus itself that affects the oocyte. 
A study analysing the effect of time of infection, the highest viral 
loads detected during the monitoring of the infection, or the plasma 
viral load before carrying out the technique on ART results found 
no significant differences [ 29 ], nor has the presence of the HIV 
virus been detected in the follicular fluid of infected women under-
going an IVF cycle [ 55 ]. 

 It has been long demonstrated that the direct penetration of HIV 
in mature human oocytes is not possible, owing to the absence of 
specific viral receptors on oocytes [ 56 ]. Although a report found 
that viral particles were present inside sperm and embryos by 
immunofluorescence, it is unclear whether HIV genes can integrate 
within the sperm genome, and whether the genes retain the ability 
to replicate in embryos [ 57 ].  
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    Endocrinological Origin 

 It might be hypothesised that the impact of HIV infection on fertil-
ity might occur at the hypothalamic–pituitary–gonadal axis. Even 
after adjusting for age, BMI and drug abuse, some authors found 
no association between HIV infection and amenorrhoea [ 58 ], 
whereas others reported more alterations in menstrual cycles, oli-
gomenorrhoea and amenorrhoea in HIV-infected women who did 
not have AIDS criteria [ 59 – 61 ]. 

 However, analysis of the levels of FSH, inhibin B and the anti-
Mullerian hormone in HIV-infected women found no influence on 
ovarian aging [ 43 ].  

    Immune Origin 

 Another work that analysed the association between the incidence 
of pregnancy and CD4 levels in the Côte d’Ivoire noted that the 
incidence of pregnancy was higher in women with CD4 lympho-
cyte cell counts above 350 cells/mL [ 62 ]. Finally, the study carried 
out by Coll et al. [ 29 ] concludes that it is the immune state of the 
woman at the time of undergoing ART that has more predictive 
power in terms of altered ovarian resistance and therefore, less 
chance of pregnancy. 

 After analysing the different mechanisms that can affect fertility 
in these patients we can say that before performing an ART, it 
seems important to have the infection as controlled as possible to 
obtain the best immune status, with good levels of CD4, and to do 
this, it is correct to use the appropriate antiretroviral treatment for 
as long as is required. We can therefore assume that the results of 
IVF in women infected with HIV can potentially be improved with 
proper treatment.    

    Pregnancy in the HIV-Infected Woman 

  Pregnancy   in the HIV-infected woman has several specific aspects 
that should be known, both to ensure that her condition is properly 
managed, and to provide her with appropriate counselling when 
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these couples face the decision about whether to get pregnant. 
Until now, the most important thing has been to prevent mother-to-
child transmission and with antiretroviral therapy this risk has been 
decreasing, but other problems have appeared, such as its potential 
toxicity, obstetric complications, in addition to the limitations in 
the use of obstetric instrumentation or invasive tests. 

 Regarding vertical transmission from mother-to-child we know 
that the majority of HIV-infected children in the world have 
acquired the disease in this way. Transmission to the fetus may 
occur transplacentally during pregnancy, at the time of birth, or by 
breastfeeding through infected milk. If no preventive action is 
taken, the risk of transmission to the fetus is 14–45 % [ 63 ]. As the 
vast majority of intrauterine infections occur around birth [ 64 ], 
preventive actions can be undertaken once it is known that the 
woman is pregnant.  

    Factors Affecting the Risk of  Mother-to-Child 
Transmission      

     1.      Plasma viral load . This is regarded as the most important factor 
in vertical transmission [ 65 – 67 ].   

   2.     Maternal factors . The clinical and immunological status of the 
mother plays an important role as those who are at advanced 
stages of the disease or who have low CD4 lymphocyte counts 
are at an increased risk of transmission [ 68 ].   

   3.     Fetal and neonatal factors . Gestational age at the time of deliv-
ery is related to transmission, as prematurity has been shown to 
confer a greater risk of transmission [ 69 ].   

   4.     Obstetric factors . All invasive procedures during pregnancy, 
such as funiculocentesis, amniocentesis, invasive monitoring 
etc., can increase the risk of infection to the fetus (British HIV 
Association guidelines for the management of HIV infection in 
pregnant women 2012. HIV Medicine). It has been shown that 
the longer the time between the premature rupture of membranes 
and delivery, the greater the risk of infection [ 32 ], although this 
does not appear to be the case when women have received anti-
retroviral treatment [ 70 ].   
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   5.     Factors associated with breastfeeding . HIV can be transmitted 
via breastfeeding; thus, there is a signifi cantly increased risk of 
infection of the neonate [ 71 ].     

 In summary, mothers who do not follow any methods of pre-
venting mother-to-child transmission, or who are not on antiretro-
viral therapy, but already present factors such as HIV infection at a 
symptomatic phase of the disease, low levels of immunity, high 
viral loads, preterm labour, invasive procedures, premature rupture 
of the membranes or who have a newborn with low birth weight, 
are all at an increased risk of transmission. Therefore, women with 
HIV should be informed about which interventions we should 
carry out to reduce the risk of transmission [ 72 ].   

    Interventions for the Prevention of Mother- to- Child 
Transmission 

    Identification of the Infected Women 

 The first step in prevention is the  identification   of the infected 
woman. The pregnancy control protocols should propose that all 
pregnant women, regardless of their risk factors, should undergo an 
assessment of the HIV serology at the first appointment with the 
consultant obstetrician (pregnancy monitoring protocol in 
Catalonia) [ 73 ]. If the result is not available at the time of delivery, 
a quick detection test should be performed so that, were it deemed 
necessary, it would be possible to implement preventive measures 
both at delivery and during lactation [ 74 ].  

    Use of  Antiretroviral Drugs      

  The second preventive measure would be the use of antiretroviral 
treatments. In the ACTG 076 study [ 75 ], a decrease was observed 
in vertical transmission from 25.5 to 8.3 % with the systematic intro-
duction of zidovudine during pregnancy, childbirth and with the 
newborn. Currently, the use of antiretroviral therapy has decreased 
the rate of vertical transmission to levels of around 1 % [ 76 ,  77 ].  
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    Complications Using Antiretroviral Therapy 

 An important point to consider is the potential effects of these 
drugs on neonates. The monitoring of infants in the ACTG 076 
protocol has not shown an increased number of congenital anom-
alies in the group of children exposed to zidovudine [ 78 ], nor 
have they shown a higher percentage of abnormalities in physical 
or cognitive development [ 79 ] or an increased occurrence of 
tumours [ 80 ]. 

 Also, with regard to children exposed to antiretroviral treat-
ment, a higher incidence of birth defects has not been observed in 
fetuses exposed either during the first quarter, or during subsequent 
stages of pregnancy [ 81 ]. Therefore, we consider that the benefits 
of the use of antiretroviral treatments aimed at preventing perinatal 
HIV infection clearly outweigh the potential risk posed by being 
exposed to them, as they diminish mother-to-child transmission, 
even with a low viral load; thus, the pregnant woman should 
always be treated [ 82 ].   

     Obstetric Procedures      

 Finally, it is advisable to minimise the exposure of the fetus to 
labour, reducing the number of hours between the premature rup-
ture of the membranes and delivery, and to this end the practice of 
elective Caesarean section in untreated women would result in a 
significant decrease in the risk of mother-to- child transmission 
[ 83 ]. In deliveries in women with undetectable plasmatic viral 
levels and antiretroviral treatment, the risk can be considered very 
low [ 84 ]; thus, there has been an increase in the number of vaginal 
births [ 85 ]. 

 Before performing an invasive technique or obstetric procedure, 
the risk–benefit ratio should be assessed, taking into consideration 
the environment and the resources available [ 29 ]; thus, the indica-
tions should be very restrictive [ 86 ]. 

 In developed countries, formula-feeding should be recom-
mended, except in those locations where this does not pose a 
greater risk to the child [ 87 ].   
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     Pregnancy Outcomes   in HIV-Positive Women 

  Women who have become pregnant and infected with HIV have prac-
ticed a greater number of voluntary terminations of pregnancy [ 18 ], but 
the number of women who decided to end their pregnancy has subse-
quently declined [ 14 ,  77 ,  88 ]. In relation to spontaneous abortions 
before the use of antiretroviral therapy, a greater frequency among 
women infected with HIV had been shown [ 22 ,  89 ]. 

 Later, with the introduction of antiretroviral therapy, the results 
for these women presented specific rates of abortion, ectopic preg-
nancy and perinatal mortality equivalent to women who were unin-
fected [ 14 ], although a study from 1990 to 2006 shows a constant 
spontaneous abortion rate, despite the development in therapies [ 77 ]. 

 However, it has been observed that these pregnancies have an 
increased incidence of preeclampsia and fetal loss in relation to the 
duration of treatment and infection [ 31 ,  90 ]. Also, puerperal infec-
tion [ 91 ] or thromboembolic complications [ 92 ] could be further 
increased in these patients. This necessitates stricter control in the 
management of these patients both during the pregnancy and 
postpartum.   

    Conclusions 

 The application of preventive measures and the introduction of 
antiretroviral therapy have reduced the incidence and mortality of 
this infection. Also, great efforts are being made to get these treat-
ments to as many people as possible, especially in underdeveloped 
countries. However, even if a large reduction in the transmission of 
the disease were achieved, there would always be the risk of a 
resurgence of the epidemic until a fully effective vaccine were 
obtained [ 93 ]. Currently, mother-to-child transmission has declined 
significantly [ 94 ]; thus, the benefits of this desire to reproduce do 
not entail any problems with regard to the message of prevention. 
Therefore, it is medically correct to take action to make it easier for 
these couples to have children [ 95 ]. This involves adapting labora-
tories, trying to find appropriate procedures and useful protocols to 
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achieve the highest possible percentage of children born without 
infection, and to make the message of prevention against sexual 
transmission more consistent. Therefore, when faced with a couple 
in which the woman is HIV-infected, the current status of the infec-
tion, the therapeutic possibilities, the risks of complications during 
pregnancy are all assessed and appropriate reproductive counsel-
ling is given. 

 The population of HIV-infected women has a lower fertility rate 
and when undergoing IVF a lower pregnancy rate than the unin-
fected general population undergoing IVF. On the other hand, if 
they receive donor oocytes, pregnancy rates seem to be unaffected. 

 In view of the suspicion that the immune status might play an 
important role in fertility, it is advisable to try to improve this status 
before the technique is performed, if necessary, using appropriate 
antiretroviral treatments.     
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          The Presence of HBV in Human Gametes 
and Embryos 

 Hepatitis B virus (HBV) infection is a major public health problem 
worldwide; roughly 30 % of the world’s population show serological 
evidence of current or past infection [ 1 ]. Although highly effective 
vaccines against HBV have been available since 1982, there are still 
more than 350 million chronic carriers, 75 % of whom reside in the 
Asia Pacific region. The risk of  chronicity   varies greatly with the age 
at which the infection is acquired. For neonates and children younger 
than 1 year who acquire the infection, the risk of the infection 
becoming chronic is 90 %. For children aged 1–5 years, the risk is 
about 30 %, and for children older than 5 years and for adults, the 
risk according to pooled data decreases to around 2 % [ 2 ]. The reason 
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for the high risk of chronicity in neonates and in children younger 
than 1 year is still uncertain. 

 About 15–40 % patients with chronic hepatitis evolve to liver 
cirrhosis and hepatocellular carcinoma [ 3 – 7 ]. Approximately 
20–30 % of patients who are seropositive for HBsAg will transmit 
the virus to their neonates in the absence of immunoprophylaxis. In 
women who are HBsAg- and HBeAg-positive, the frequency of 
transmission increases to 90 % [ 8 ]. The use of the HBV  vaccine   
and the hepatitis B immunoglobulin in the perinatal stage has 
effectively prevented most perinatal transmissions of 
HBV. However, 5–10 % of infections still cannot be prevented 
using these methods [ 9 ], and data to explain this phenomenon are 
lacking. Although  hepatotropism   is a prominent feature of HBV 
infection, it is clear that virus is not restricted to any particular 
organ, but occurs in many extrahepatic tissues, including host 
somatic cells, oocytes, spermatozoa and embryos [ 10 ]. 

 The mechanism of HBV intrauterine infection is not yet clear, 
but there is a hypothesis that it concerns vertical transmission, in 
which the sperm, oocyte, or zygote is infected with HBV. 

    HBV Infection  in Semen   

  In early 1985, Hadchouel et al. [ 11 ], using molecular hybridisation, 
first confirmed the integrated HBV DNA sequences in spermato-
zoa from two of three patients with HBV infection, suggesting the 
possibility of true vertical transmission of HBV via the germ line. 

 Since that time, HBV DNA has continuously been identified in 
the sperm, either as a free virus in seminal plasma or as an integrated 
genome in sperm. Wang et al. [ 12 ] confirmed the HBV vertical trans-
mission from father to fetus by direct nucleotide sequencing; the 
homologies of HBV sequences between father and fetus were very 
high. Using  fluorescence in situ hybridisation (FISH)  , Huang et al. 
[ 13 ] found that the HBV DNA, which integrated into human sperm 
chromosomes, could create extensively hereditary effects by altera-
tion of the genetic constituent and induction of chromosome aberra-
tions. Moreover, Ali et al. [ 14 ] revealed that human sperms 
carrying HBV genes can pass through the golden hamster oolemma 
and into the cytoplasm of oocytes and complete fertilisation normally. 
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After fertilisation, the sperm- mediated HBV genes were able to 
replicate and their functions were expressed at the mRNA and pro-
tein level in early embryonic cells [ 14 ]. HBV DNA was also detected 
in human embryos from three couples (16.7 %) with HBsAg-positive 
men, whereas HBV RNA was detected in embryos from nine cou-
ples (69.2 %) with HBsAg-positive men [ 15 ]. 

 This means that the HBV DNA sequences in infected sperm 
could be brought into the embryos following fertilisation and the 
HBV can replicate itself. These studies provided some evidence for 
the possibility of the vertical transmission of HBV via spermatozoa 
to the next generation. 

 It is well known that viral infections and bacteria may be harm-
ful to male fertility [ 16 ]. Although Lee et al. [ 17 ] report that the 
sperm concentration and forward motility of semen samples were 
similar among seropositive and seronegative husbands, after men 
with azoospermia were excluded. Many studies suggest that HBV 
infection might also alter sperm parameters [ 18 – 21 ], and decrease 
sperm motility [ 19 ,  22 ], morphology [ 17 ,  22 – 24 ] and viability 
[ 22 ,  23 ]. The higher the viral load, the greater the sperm motility 
impairment [ 25 ]. 

 The molecular mechanism governing the sperm injury is 
unclear. It may be attributed to increased necrosis or apoptosis of 
the spermatozoa [ 19 ]. Kang et al.’s study [ 26 ] showed that HB 
exposure was not only able to induce reactive oxygen species 
generation and lipid peroxidation, but also cause apoptosis in 
sperm cells. At the same time, the mitochondria of the sperm mid-
piece generate energy to support motility [ 26 ]. HBV, through bind-
ing to the sperm glycoprotein receptor (ASGP-R), enters into the 
sperm cell and leads the loss of sperm mitochondrial membrane 
potential [ 25 ]; decreased sperm mitochondrial function may cor-
relate with the diminished motility and reduced fertility [ 25 ,  27 – 29 ]. 
The higher the viral load, the greater the sperm motility impair-
ment [ 25 ]. Moreover, a persistent inflammatory response induced 
by HBV may be deleterious to spermatozoa [ 21 ]. 

 These studies suggested that HBV infection can do harm to 
male fertility and create extensive hereditary effects by altering 
genetic constituents and/or inducing chromosome aberrations, and 
there is the possibility of the vertical transmission of HBV via the 
germ line to the next generation.   
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    HBV Infection  in Oocytes   

  The possible vertical transmission of HBV via spermatozoa to 
embryos has been highlighted by the presence of HBV DNA in 
spermatozoa. However, the human oocyte is difficult to obtain for 
research purposes. Previous research has focused on the influence 
of the perinatal stage of transmission, either in utero or through 
exposure to blood at or around birth, and few researchers have 
studied the possibility of vertical transmission by oocyte. 

 In fact, in 1984, the expression of the HBV genome was 
detected in the oocytes of two species of amphibians for the first 
time [ 30 ]. Following that, Zhong et al. [ 31 ], by analysing HBV 
nucleotide sequences isolated from three sets of mother/child 
pairs and finding that the nucleotide and deduced amino acid 
sequences of the mother and children in two of three families 
were identical, suggesting the possibility of vertical transmission 
from mother to children. Animal experience showed that the 
oocytes can be carriers of HBV, and the HBV DNA sequences 
could be brought into embryos when the oocytes, with the pres-
ence and integration of HBV DNA, were fertilised with normal 
spermatozoa [ 14 ]. 

 In recent years, hepatitis B surface antigen (HBsAg), hepatitis 
B core antigen (HBcAg), and HBV DNA were detected in ovarian 
tissues of HBV-infected women [ 32 – 34 ]. These markers were 
also found in the oocyte [ 10 ,  32 ,  33 ]. Yu et al. [ 10 ] studied the 
ovarian tissues of 33 pregnant women infected with HBV, which 
were collected during caesarean section and immunostained for 
HBsAg; 2 (28 %) were positive for HBsAg in ovarian follicles and 
the two corresponding infants (100 %) had intrauterine HBV 
infection. 

 These results suggest that HBV could infect oocytes and the 
oocytes infected with HBV might carry a high risk of transmission 
of HBV to the fetus. However, very few studies have been directly 
carried out on HBV-infected human oocytes, because the human 
oocyte is difficult to obtain for research purposes. In recent years 
there has been a substantial increase in the demand for assisted 
reproductive technology (ART) in patients infected with HBV 
infection. Assisted reproductive treatment for such individuals has 
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facilitated the study of the risk of vertical HBV transmission by 
oocytes. Using  FISH  , Hu et al. [ 9 ] found that HBV DNA was pres-
ent in 9.6 % of oocytes (24 out of 250), the rate of HBV DNA- 
positive embryos was 13.1 % (57 out of 436) among couples in 
which the woman was HBsAg-seropositive. Nie et al. [ 15 ] also 
detected HBV DNA and HBV RNA in oocytes and embryos from 
HBsAg-positive women. Thus, HBV may pass through the zona 
pellucida (ZP) and reach the nuclei and cytoplasm. There seems to 
be a risk of HBV transmission through oocytes and embryos from 
HBsAg-positive women.   

    In Vitro Fertilisation/Intracytoplasmic Sperm  Injection   
Outcomes with HBV-Infected Couples 

    Since the  in vitro fertilisation (IVF)   procedure mimics spontaneous 
conception, the risk of transmitting HBV to the partner and new-
born by  IVF   should be similar for both processes. There is no ethi-
cal reason to refuse IVF treatment in HBV-infected patients [ 24 ]. 
In many European centres it is suggested that these patients should 
be given the opportunity to have children. 

 Since 95 % of patients will seroconvert after vaccination, the 
best option for couples with one HBsAg-positive partner is the use 
of HBV vaccination to prevent transmission [ 8 ]. However, the 
main question is that infertility treatment in couples where one or 
both parents are infected with hepatitis raises many concerns about 
transmission of the infection to the baby, laboratory technicians, 
and medical staff, and the contamination of other gametes/embryos 
that are from virus- free parents in the same laboratory. 

 Cross-contamination with HBV of five bone marrow samples 
cryopreserved in liquid nitrogen and the subsequent cross-infection 
of patients has been clearly demonstrated [ 35 ]. Thus, there is no 
doubt that hepatitis B can survive direct exposure to liquid nitro-
gen, and under certain conditions result in cross-infection. 
Consideration of the evidence of liquid nitrogen contamination by 
HBV, the possibility of contamination or cross-contamination dur-
ing cryopreservation of gametes and embryos is a realistic possibil-
ity. To avoid potential cross-infection, separate storage tanks for 

5 The Presence of Hepatitis B and C Virus in Human Gametes…



124

HBV patients are advised. HBV infection has also been reported 
during artificial insemination and IVF. Berry et al. [ 36 ] reported 
that acute viral hepatitis B in a woman occurred during donor 
insemination where the donor had not been screened for  blood-
borne viruses (BBVs)   before donation. Widespread contamination 
during IVF took place in 1991, when 22 human embryos were 
exposed to HBV in contaminated human serum present in the cul-
ture medium. All mothers experienced hepatitis B during the first 
trimester of pregnancy, and two had hepatitis B surface antigen and 
HBV DNA at the time of delivery [ 37 ]. 

 All contamination occurred before BBV screening was stan-
dard. At present, initial screening of couples about to embark on 
ART treatment is the norm in most fertility clinics worldwide and 
involves testing for BBVs, including human immunodeficiency 
virus (HIV), HBV and HCV. This is important from medical, ethi-
cal and legal viewpoints. Reproductive care can be targeted to 
minimise transmission risk to the uninfected partner or future child 
and to health care staff. 

 In recent years, there has been a substantial increase in the 
demand for ART in patients infected with HBV infection. It is not 
certain whether embryos can become infected at the time of con-
ception or in early pregnancy. Using  FISH   to visualise the integra-
tion of HBV DNA sequences into oocyte and embryo chromosomes 
of HBV carriers, Hu et al. [ 9 ] found that HBV DNA was present 
in embryos from couples with at least one HBsAg seropositive 
partner. Rates of HBV  DNA- positive embryos were similar among 
couples in which the woman, man or both partners were HBsAg 
seropositive, 13.1 % (57 out of 436), 21.3 % (16 out of 75) and 
14.9 % (10 out of 67) respectively [ 9 ]. Nie et al. [ 15 ] showed that 
HBV DNA and HBV RNA were detected in embryos from cou-
ples with HBsAg-positive women or men. These observations 
provide evidence supporting the hypothesis that the oocyte and 
sperm might act as a vector for the vertical transmission of HBV 
to the embryos. 

 At the same time, the percentage of HBV-positive embryos 
after intracytoplasmic sperm injection (ICSI) was similar to con-
ventional IVF in male HBV carriers [ 9 ,  15 ]. There is no reason to 
advise against an ICSI procedure in chronic carriers of HBV. 
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However, the ICSI procedure bypasses the acrosome reaction and 
penetration through the ZP—two important mechanisms that pro-
tect against sperm-borne pathogens and DNA, and there is no 
method of selecting sperm without virus infection for ICSI [ 38 ]. 
Another important question is whether infectious particles can be 
eliminated by sperm processing, so that the healthy female partner 
can be treated safely. In the past few years, in male HBV patients, 
sperm-washing has been shown to effectively reduce the risk of 
vertical transmission and to prevent the introduction of HBV into 
the oocyte during ICSI. The risk of infected sperm cells acting as 
vectors in male HBV carriers is not different in IVF compared 
with ICSI [ 39 ]. The pregnancies obtained using ART among cou-
ples in which the male partner has chronic viral diseases also 
produced good obstetric and neonatal results [ 40 ]. Although thou-
sands of cycles with the best-practice ART procedures have dem-
onstrated no contamination using sperm from virally infected 
patients, a viral load in semen can be detected even after sperm-
washing procedures [ 39 ]. Transmission is possible, both to moth-
ers and newborns, and it is still too early to conclude that these 
procedures are fully safe. More research to define standardised 
procedures of sperm-washing specific to each virus and stan-
dardised and sensitive methods of viral detection after sperm 
selection is needed. 

 Recently, much interest has been focused on the relationship 
between HBV infection and ART outcome. However, the effect of 
HBV infection on the outcomes of IVF treatment remains contro-
versial. Lam et al. [ 41 ] had compared couples with at least one 
partner being HBV-seropositive with an HBV seronegative control, 
and found an improvement in pregnancy and implantation rates 
after IVF or ICSI for couples where at least one partner is HBV-
seropositive. As far as is known, this is the first clinical study that 
shows the positive effect of male HBV infection on fertilisation. 
However, it is possible that the results could be attributable to the 
small sample size. Additional studies with larger samples are 
required to confirm the results. In contrast to this study, some pre-
vious studies suggest possible negative effects of HBV on the 
results of ART. Despite a comparable response to controlled ovar-
ian hyperstimulation, and similar fertilisation and cleavage rates, 
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couples discordant for HBV or HCV had significantly poorer 
implantation and pregnancy rates compared with controls: 13 hepa-
titis B-infected couples (including males and females) were 
matched with 12 hepatitis C-positive couples and 27 controls [ 42 ]. 
Zhou et al. [ 23 ] had compared ICSI and IVF outcomes with HBV-
positive and HBV-negative groups, and their finding indicated that 
HBV infection in men negatively affects the outcome of ICSI 
cycles, but not IVF cycles. After ICSI and embryo transfer, 
decreased rates of fertilisation, high-grade embryos, implantation 
and clinical pregnancy were observed among HBV- positive men 
compared with matched controls. Oger et al. [ 21 ] demonstrated 
that couples in which male partners have a chronic infection with 
HBV, have a significantly higher risk of a low fertilisation rate after 
IVF, which led to a slight decrease in the total number of embryos. 
Nevertheless, no significant decrease in the pregnancy rates was 
observed, probably because the low fertilisation rate did not 
 significantly reduce the number of good-quality embryos available 
for transfer. Furthermore, Shi et al. [ 24 ] noted that the duration of 
infertility was significantly prolonged in HBV- seropositive patients 
compared with HBV-seronegative patients. Couples with female 
partners who were HBsAg- seropositive had a significantly lower 
top-quality embryo rate than the control group. In addition, the 
fertilisation rates in groups with male or female partners who are 
HBsAg- seropositive were both significantly lower than for the 
matched controls. However, there was no significant difference in 
clinical pregnancy rates between the HBsAg- seropositive and 
HBsAg-seronegative groups. Ye et al. [ 43 ] found that the early 
abortion rate and the abortion rate with HBV-infected mothers 
were significantly higher than couples with negative serum HBV 
markers. The clinical pregnancy rate of the two groups was similar. 
The increased early abortion rate of pregnancy may be related to 
HBV-infected embryos. Another two studies did not demonstrate 
any adverse effect of HBV infection on the assisted reproduction 
outcomes between the HBV and the control groups. Lee et al. [ 17 ] 
showed that the ongoing pregnancy rate and live- birth rate of 
couples with both partners being HBsAg positive was not sig-
nificantly different from couples with discordant HBV serostatus 
and those couples where both partners were HBsAg-negative. 
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The authors attributed the unaffected ongoing pregnancy rate to the 
use of ICSI in couples with low normal sperm morphology (less 
than 3 %), which may compensate for any defect in fertilisation due 
to impaired morphology. To assess the impact of male HVB infec-
tion on the outcomes of IVF, Bu et al. [ 44 ] retrospectively analysed 
data from 277 subfertile couples undergoing oocyte donation 
cycles. They found that couples with HBV- seropositive male part-
ners had similar semen parameters, rates of fertilisation, implanta-
tion and clinical pregnancy compared with their controls; thus, 
male HBV infection has little impact on the outcomes of IVF. 

 The above studies implied that HBV infection might impair 
gamete and embryo quality. As studies are of smaller sample sizes, 
and relatively little evidence is available concerning the outcome 
of this offspring, larger and longer-term follow-up studies still need 
to assess the impact of HBV infection on gametes, embryos and 
offspring, and the underlying mechanisms certainly warrant further 
exploration.      

    HCV in Oocytes and Embryos 

 Hepatitis C is a blood-borne liver disease, caused by HCV, which 
was first identified in 1989. Currently, the worldwide prevalence of 
HCV infection has reached a figure of 3 %, with 70 % of cases 
developing chronicity [ 45 ]. HCV is a major cause of chronic liver 
disease in both children and adults worldwide [ 45 ]. Eighty percent 
of HCV infections lead to persistent viraemia [ 46 ], and most of 
patients develop  long- term complications  , including cirrhosis and 
liver failure [ 47 ,  48 ]. The rate of progression is highly individual, 
and some patients have long life expectancies. 

 Mother-to-child transmission ( MTCT  )    of HCV is one of the 
several established pathways for HCV transmission. MTCT has 
become the major route of HCV infection in children [ 46 ], affect-
ing up to 10 % of infants born to mothers chronically infected 
with HCV, but not with HIV [ 49 – 53 ]. It is estimated that 10,000–
60,000 newborns worldwide are infected with HCV via MTCT 
each year [ 47 ]. 
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    The  Effect of   HCV Infection 

  Englert et al. [ 54 ] found that HCV-seropositive women had similar 
embryo quality, implantation, and delivery rates to controls. The 
effects of HCV infection were essentially confined to ovarian 
stimulation and follicle maturation. Alterations of granulosa cell 
function lead to an increased demand for FSH, a lower number of 
oocytes, and a decreased number of fertilised oocytes; however, 
once the oocyte is fertilised, the embryos do not appear to be 
affected and have a similar viability to those of non-infected 
women. Other researchers have made similar observations in HIV- 
seropositive women [ 55 ]. Furthermore, studies have shown that 
other viral infections may affect fertility and ovarian function in 
animals [ 56 ,  57 ]. Englert et al. [ 54 ] also found an association 
between HCV seropositivity and poor ovarian response to stimula-
tion. The authors reported a high number of cancelled cycles 
resulting from the absence of ovarian response to stimulation in 
this group of patients and concluded that chronic infection may 
alter both the reserve of small pre-antral follicles and granulosa cell 
function. Other researchers’ findings confirm those of previous 
studies that HCV may cause higher cancellation rates of cycles and 
poor ovarian response in female HCV carriers. HCV infection after 
MTCT can be persistent [ 49 ,  50 ,  58 ], and the clinical course varies 
from asymptomatic, transient hepatitis to chronic hepatitis [ 59 ,  60 ]. 

 Infection with HCV is a newly identified independent risk fac-
tor for preterm delivery, perinatal mortality, intrauterine growth 
restriction, and other complications [ 61 ,  62 ].   

    The Mechanism for HCV Mother-to-Child 
 Transmission   

   Mother-to-child transmission of HCV has been reported, but the 
transmission route is unknown. Its mechanism remains to be eluci-
dated. Both in utero [ 63 ] and perinatal [ 50 ] transmissions have 
been proposed. The rate of  MTCT   from HCV- seropositive and 
HCV RNA-positive women is 4–6 % and transmission occurs 
almost exclusively from women who are viraemic [ 46 ]. Although 
the timing of transmission is not well defined, it appears that 
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approximately one-third of transmission events occur in utero [ 48 ], 
with the rest occurring peripartum. Risk factors for HCV MTCT 
include HIV coinfection and intrapartum exposure to maternal 
blood [ 46 ]. Although transmission can be observed with chronic 
carriers, vertical MTCT appears to be low and occurs mostly dur-
ing the initial viraemia during pregnancy [ 64 ,  65 ]. Maternal–fetal 
HCV transmission seems to occur during the perinatal period with 
fetal exposure to maternal blood and with vaginal secretions at the 
time of delivery [ 66 ]. 

 The risk of transmission of HCV by amniocentesis cannot be 
established because evidence is lacking. Delamare et al. [ 67 ] per-
formed second-trimester amniocentesis on 22 HCV- positive preg-
nant women, 16 of them being HCV RNA- positive. HCV was 
detected in a single amniotic fluid sample from a transplacental 
amniocentesis of a viraemic woman, but the newborn was not 
infected. Thus, maternal contamination of amniotic fluid cannot be 
excluded. For years, invasive procedures have been performed 
without being aware of the serological status of the mother. 
Nevertheless, all women undergoing an invasive procedure should 
be tested for HBV, HCV and HIV. Knowledge of the infection is 
the first necessary step to preventing transmission. If positive, 
counselling of the parents is needed. In all infections, placental 
passage during an amniocentesis should be avoided. If an alterna-
tive approach is feasible, chorionic villi sampling and cordocente-
sis should be discouraged. Breastfeeding, HCV genotype, and 
mode of delivery are not associated with MTCT. 

 There are very few studies investigating the biology of HCV 
MTCT, and the reason for the low rate of transmission remains 
unexplained. The findings that female sex [ 50 ] and the absence of 
HLADR13 in the infant [ 51 ] may be risk factors for transmission 
suggest that the fetal immune system might play a role in protec-
tion against and/or facilitation of MTCT.    

    HCV Infection and Assisted Reproduction 
 Technologies      

 With proper treatment, some of patients can recover completely 
[ 68 – 70 ], and some patients infected with HCV would like to have 
children. Most HCV-serodiscordant couples conceive children 
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naturally, but some are infertile and may seek assisted reproduction 
Technologies (ARTs). 

 Assisted reproduction for these patients has been controversial, 
and the attitudes of IVF centres vary in every country. In addition to 
the ethical dilemma of offering infertility treatment to these patients, 
the risk of nosocomial and professional transmission during the 
highly complex IVF procedure cannot be underestimated [ 51 ,  52 ]. 
In recent years, there has been a substantial increase in the demand 
for ART in patients infected with BBV infections such HBV and 
HCV. We do not yet know if an excess risk of vertical transmission 
of HCV exists during ART for infertile, infected women. 

 The use of ART in viraemic women undergoing ART raises 
questions concerning the safe management of medically assisted 
procreation for these women and the good practice of oocyte/
embryo cryopreservation and donation. HCV RNA was detected in 
89 % of follicular fluid (FF), irrespective of the degree of blood 
contamination, and in 25 % of the media on day 1. It must be con-
sidered that FF is potentially infected. Blood contamination 
increases the HCV load in the FF. Significantly, rinsing the oocytes 
seems to discard the HCV RNA. After counselling, attempting IVF 
in HCV- positive women is justified. Universal guidelines prevent 
nosocomial infection, and IVF does not specifically increase the 
professional risk. The mechanism through which HCV infection 
favours vertical transmission of the virus is still not fully under-
stood. Little information is available about the moment when HCV 
MTCT occurs, and no procedure has been identified to reduce 
transmission rates [ 71 ].  

    HCV in Gametes and Embryos 

 The risk of vertical HCV transmission, or transmission to a woman 
from an infected man and potentially to gametes or embryos, 
remains an open question. 

 Detection of  HCV RNA   in the semen of infected men is no 
longer controversial as the problem of false-negative results due to 
the presence of PCR inhibitors in the ejaculate has been resolved. 
Numerous studies have demonstrated that sperm preparation, 
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whereby the seminal plasma is removed, reduces the HCV viral 
load to undetectable levels; none of the recipients became infected 
[ 72 – 74 ]. HCV has been detected in sperm, but no data are available 
on FF collected during IVF procedures.  Viral contamination   of the 
oocyte before ovulation cannot be excluded, although it is still 
impossible to demonstrate. Although the presence of HCV in FF 
has been demonstrated in several studies [ 75 – 78 ], it is unclear 
whether the viral particles in  FF   are of an infectious nature, and 
because HCV culture is difficult to perform in vitro, there are at 
present no data available to answer this question. Hence, at present 
it is impossible to evaluate precisely the viral risk presented by 
FF. Nevertheless, because HCV RNA was detected in most of the 
follicular aspirates, FF aspirated in HCV-positive women should be 
considered to have the potential to be infected, irrespective of the 
degree of macroscopic blood contamination. To evaluate the viral 
risk induced by ART and to inform the couples, knowledge is 
required of the localisation of the virus in vivo. FF cannot be col-
lected without follicle rupture, and this may involve a risk of con-
tamination as a result of vascular injury occurring during the 
ovarian puncture. If HCV penetrates inside the follicle in vivo, its 
load is likely to be very low and below the viral test threshold. 
Studies show that active chronic HCV infection does not affect 
ovarian follicle development despite the detection of HCV RNA in 
the follicular fluid of 89 % of HCV PCR-positive females, irrespec-
tive of the degree of viraemia [ 77 ,  78 ]. 

 Researchers investigating HCV infection and its effects on 
ovarian follicle development during stimulation for ART reported 
a higher incidence of apoptosis, which may have a negative impact 
on pregnancy rates [ 71 ,  79 – 82 ]. The level of HCV RNA in follicu-
lar fluid probably reflects both the circulating HCV RNA load and 
the degree of blood contamination during retrieval, as suggested by 
the correlation we found between plasma and FF HCV RNA loads 
[ 83 ]. This is in agreement with Devaux et al. [ 78 ], who also 
reported a significant correlation between HCV serum load and 
HCV FF load. Some authors related the detection of high HCV 
RNA levels in the follicular fluid to the vascular injury induced by 
ovarian puncture [ 77 ]. In  IVF  , the high  HCV RNA   detection rate 
in FF (89 %) can most likely be explained by the vessel injuries 
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associated with ovarian puncture. As HCV RNA was detected in 
89 % of FF samples, all FF samples should be considered to have 
the potential to be infected, and consequently the viral risk for 
retrieved follicles must also be considered. 

 The possibility of the adsorption of HCV onto granulose cells 
during ovarian puncture cannot be eliminated. Consequently, HCV 
present as a result of blood contamination may also be adsorbed 
onto the granulosa cells, and this may explain the presence of HCV 
RNA, in spite of the first follicle washing. HCV RNA was never 
detected in the embryo culture media after washing, removal of 
granulosa cells and refreshing of the culture media, a result that 
seems to indicate that HCV RNA might be adsorbed onto granu-
losa cells in FF during the IVF procedure, although further studies 
are needed to verify this hypothesis. Furthermore, until implanta-
tion the oocytes and embryos are surrounded by the ZP, which is 
considered to be a physiological protective barrier. 

  Contamination   of the oocytes with HCV remains unknown. 
Indeed, only a few published studies have examined the risks of 
contaminating human oocytes or embryos. Oocyte contamination 
probably occurred during ovarian puncture via the blood and con-
tamination of the FF. Because of the ZP structure, the HCV is 
probably embedded in the pores of its outer layers. The ability of 
HCV to pass through the ZP barrier and reach the oocyte cyto-
plasm or embryonic cells is still unknown. 

 Hepatitis C virus is associated with unfertilised oocytes sur-
rounded by their intact ZP from anti-HCV antibody- positive. 
Papaxanthos-Roche et al. [ 83 ] report for the first time PCR-
detected HCV RNA associated with zona-intact unfertilised human 
oocytes obtained from HCV RNA- positive women enrolled in an 
ART programme. In their research the percentage of HCV RNA-
positive oocytes was higher after ICSI (85.7 %) than after conven-
tional IVF (64.7 %). This tendency has to be confirmed with a 
larger number of oocytes, but raises the possibility that microinjec-
tion allows viral elements to be transported into the oocyte with the 
spermatozoon. Indeed, this possibility has been investigated by 
injecting the oocyte/zygote with a purified solution of viral RNA 
[ 84 ], DNA [ 85 ], purified virus solution [ 86 ] or contaminated sper-
matozoa [ 87 ]. PCR analysis does not allow one to determine the 
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localisation of the viral RNA; it could be on or in the ZP, in the 
perivitelline space or inside the oocyte cytoplasm. Washing 
oocytes or embryos could lower the quantity of virus associated 
with the ZP, but, as has been demonstrated with  bovine viral diar-
rhoea virus (BVDV)  , washing and enzymatic treatment (trypsin) 
did not reliably remove all BVDV that was associated with devel-
oped IVF bovine embryos [ 88 ,  89 ]. HCV in the channels of the  ZP   
may be protected from such treatment. Additional research is 
needed to determine if oocyte washing effectively eliminates 
HCV. In one study, women were infected with HCV during adult-
hood and, in light of the absence of serum or supporting cells from 
oocyte/embryo cultures, oocytes or only their ZP were contami-
nated, probably by contact with blood during follicular aspiration. 
However, the ability of HCV to cross cellular compartments was 
indicated by the analysis of the virus’s genome in hepatocytes [ 90 ], 
and by HCV RNA detection in sperm [ 72 – 74 ]. 

 These results suggest the possibility of HCV infecting the 
oocyte and embryo. Evaluation of the viral risk for oocytes and 
embryos during IVF has not yet been completely defined, although 
it cannot be ignored and deserves future study. This procedure may 
affect  IVF      outcome by decreasing the number of oocytes for the 
fertilisation step. 

 During the IVF procedure, the decreasing HCV RNA titre may 
be due to a dilution of the virus during the washing of the oocytes, 
removal of the granulosa cells, and refreshing of the media. It is 
possible to compare the oocyte washing procedure with a selection 
procedure using a gradient of Pure Sperm, followed by the washing 
of spermatozoa, from HCV+ and HIV+ men [ 91 ]. Two HCV recep-
tors for HCV have been identified, namely the CD 81 molecule and 
the low-density lipoprotein receptor [ 92 – 95 ]. The HCV RNA titre 
was decreased drastically after the selection and washing of sper-
matozoa from infected men, and preliminary results have confirmed 
an absence of contamination in both the negative female partner and 
the newborn [ 74 ]. It could therefore be expected that, if the embryo 
culture media is negative, then the viral risk for the embryos of 
viraemic women is at least very low and, at most, almost absent. 

 The present results have shown that thorough rinsing of the 
oocytes and embryos and refreshing of the media appear to be 
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effective and that, as a consequence, all oocytes could be used. 
Nonetheless, oocytes that were included in a clot of blood and 
could not be thoroughly washed must be discarded. Attention must 
also be paid to the impact of HCV+ genital secretions on the con-
tamination rate of the embryo when the transfer is associated with 
light cervical bleeding.   

    Conclusion 

 For HCV-positive women undergoing ART, more studies are 
needed to evaluate the risk of HCV contamination to which oocytes/
embryos are exposed and to establish good safety guidelines for 
oocyte/embryo manipulation, cryopreservation and donation. Using 
serum from an HCV-positive mother for embryo cryopreservation 
must also be avoided. Consequently, the use of a tested negative 
serum albumin, or the male partners’ serum, is recommended.     
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           Epidemiology   of Hepatitis C Virus Infection 

  Hepatitis C virus (HCV) is a single-stranded RNA member of the 
 Flaviviridae  family. The virus has an extraordinary heterogeneity 
owing to its lack of ability to correct copying errors made during 
viral replication. Many of its nucleotide changes result in a non-
functional genome or a replication- incompetent virus (lethal 
mutants), whereas others persist and account for the incredible 
viral diversity. Viral heterogeneity takes several forms depending 
upon the degree of diversity, such as quasispecies (families of dif-
ferent, but highly similar, strains that develop within an infected 
host over time, with a nucleotide sequence homology greater than 
95 %) and over decades and centuries, the degree of HCV diversity 
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has evolved into several distinct genotypes of the virus. Sequence 
homology among the genotypes is less than 80 %. 

 There are six genotypes and numerous subtypes of 
HCV. Globally, genotype 1 is the most common, accounting for 
46 % of all infections; followed by genotypes 3 (22 %), and geno-
types 2 and 4 (13 % each). Subtype 1b accounted for 22 % of all 
infections at the global level. There were significant variations 
across regions, with genotype 1 dominating in Australasia, Europe, 
Latin America and North America (53–71 % of all cases) and geno-
type 3 accounting for 40 % of all infections in Asia. Genotype 4 
was most common (71 %) in North Africa and the Middle East, but 
when Egypt was excluded, it accounted for 34 %, whereas geno-
type 1 accounted for 46 % of infections across the same region. 
This heterogeneity is extremely important in the diagnosis of infec-
tion, pathogenesis of disease, and the response to treatment; it 
prevents the development of conventional vaccines, allows the 
virus to escape eradication by the host’s immune system, and 
affects the completeness of the response to antiviral therapies. 

 The virus has developed numerous strategies to impair immune 
responses and evade the host immune system, by delaying and 
reducing both the intrinsic and adaptive immune response arms. 
All these characteristics determine a great ability to establish a 
chronic infection, usually without producing striking symptoms, 
until the emergence of long-term complications, such as hepatic 
fibrosis, cirrhosis and hepatocellular carcinoma. 

 With the advent of new antivirals, HCV infection could in the-
ory be curable in nearly all patients, and with focused strategies to 
screen and cure current infections in addition to preventing new 
HCV cases, the number of infections can be significantly lowered 
or eliminated within the next 15–20 years. 

 The just published “ Global epidemiology and genotype distri-
bution of the hepatitis C virus infection ” [ 1 ] report includes data for 
anti-HCV prevalence from 87 countries—accounting for 88 % of 
the world’s adult population and 84 % of the estimated global anti-
HCV population—and HCV viraemic rates for 54 countries—
accounting for 77 % of the world’s adult population and 73 % of the 
estimated viraemic HCV population—the global prevalence of 
anti-HCV was estimated at 2.0 % (1.7–2.3 %) among adults and 
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1.6 % (1.3–2.1 %) for all ages, corresponding to 104 (87–124) 
 million and 115 (92–149) million infections respectively. The 
viraemic prevalence was 1.4 % (1.2–1.7 %) among adults and 1.1 % 
(0.9–1.4 %) in all ages corresponding to 75 (62–89) million and 80 
(64–103) respectively. 

 About one quarter of human immunodeficiency virus (HIV)-
infected persons in the United States are also infected with HCV 
(CDC Data). Thus, coinfection with HIV and HCV is common 
(50–90 %) among HIV-infected  injection drug users (IDUs)  . The 
seroprevalence of anti-HCV is increased among promiscuous het-
erosexuals and  men who have sex with men (MSM)  . HCV infec-
tion is often prevalent among HIV-infected populations, with 
one-third of HIV- infected Americans, and seven million worldwide 
being coinfected. Chronic HCV infection is now the leading cause 
of death, after AIDS-related complications, among HIV-infected 
individuals in areas where  highly active antiretroviral therapy 
(HAART)   is available. HIV coinfection exacerbates HCV disease, 
increasing the likelihood of cirrhosis and HCV- related mortality. 
The prevalence of HCV coinfection varies, depending on the mode 
of HIV transmission [ 2 ].   

    Transmission of Hepatitis C Virus 

  The  transmission of   HCV is a complex issue. HCV is transmitted 
mainly through percutaneous exposure to blood (transfusions, 
transplants), needle sticks, or the contamination of supplies shared 
among haemodialysis patients or intravenous drug abusers. 
Although most patients infected with HCV in the USA and Europe 
acquired the disease through intravenous drug use or blood transfu-
sion, nowadays, very rare, non-identifiable risk factors for HCV 
infection can be hypothesized in cases with new infections. A 
potential mechanism of transmission in these instances is mucosal 
exposure to infectious blood or to body fluids containing blood, or 
inapparent percutaneous exposure through personal hygiene items 
(e.g. shared razors or toothbrushes). Then, in many situations, it is 
difficult to rule out the possibility that transmission resulted from 
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common exposure to risk factors other than sexual exposure [ 3 ]. 
HCV RNA has also been detected in menstrual fluid and semen 
and both sexual and vertical transmissions have been suggested as 
alternative modes of transmission of HCV. 

 Epidemiological studies evaluated HCV sexual transmission. 
To our knowledge, three prospective cohort studies of monoga-
mous heterosexual couples have been published [ 4 – 6 ]. The HCV 
Partners' study published in 2013 followed 500 monogamous het-
erosexual couples to provide quantifiable risk information for 
counselling long-term monogamous heterosexual couples in which 
one partner has a chronic HCV infection [ 5 ]. Criteria for study 
participation by each couple included having a heterosexual rela-
tionship for a minimum of 36 months, being monogamous for the 
duration of the relationship as reported by both partners and a mini-
mum of three sexual contacts by the couple in the preceding 6 
months. Couples were excluded if either partner had known HIV 
or hepatitis B virus (HBV) infection, had undergone previous 
organ transplantation, or was currently using antiviral or immuno-
suppressive therapy, or if both partners reported a history of 
IDU. Couples were interviewed separately for lifetime risk factors 
for HCV infection, within-couple sexual practices, and the sharing 
of personal grooming items. The median duration of the couples’ 
sexual relationships was 15 years (range, 2–52 years). Among the 
500 partners of anti- HCV- positive index subjects, 20 (4 %) were 
confirmed to be anti-HCV-positive and 13 of the 20 partners were 
HCV RNA-positive. HCV genotyping/subtyping and HCV sero-
typing confirmed nine couples to be concordant, eight couples to 
be discordant and three couples to be of indeterminate status. Of 
the + genotype-concordant couples, both partners of six couples 
were viraemic, allowing phylogenetic analyses, showing that 
although the overall prevalence of HCV infection among the part-
ners of anti-HCV-positive index subjects was 20 out of 500 (4 %), 
the prevalence of HCV infection among partners potentially attrib-
utable to sexual contact was 3 out of 500 (0.6 %; 95 % CI, 0.0–
1.3 %) Based on 8377 person- years of follow-up, the maximum 
incidence rate of HCV transmission by sex was 0.07 % per year 
(95 % confidence interval, 0.01–0.13) or approximately 1 per 
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190,000 sexual contacts. No specific sexual practices were related 
to HCV positivity among couples. 

 Other authors suggest caution as the efficiency of HCV transmis-
sion by sexual intercourse is generally very low, but some studies 
showed an increase risk related to particular sexual practices, such 
as unprotected anal intercourse and vaginal intercourse during men-
struation. Another large, prospective study included 895 monoga-
mous, heterosexual partners of HCV-infected individuals who were 
followed for 10 years. The average weekly rate of sexual intercourse 
was 1.8. All couples denied practicing anal intercourse, having sex 
during menstruation, or using condoms. During follow-up, three 
patients developed HCV infection; however, molecular analysis 
showed that none had acquired it from their spouse. This risk seems 
to be related to the number of incidents of sexual intercourse [ 6 ]. 

 The CDC Guidelines published in 2010 report that the sexual 
transmission of HCV has been considered to occur rarely, but CDC 
surveillance data indicate that 10 % of patients with acute HCV 
infection report having had contact with a known HCV-infected 
sexual partner as the only risk of infection (  www.cdc.gov/std/treat-
ment/2010/hepC.htm    ). Patients with acute or chronic HCV infec-
tion should be advised that transmission via sexual or household 
contacts is a possibility, although the risk is relatively low. It is 
likely that the use of condoms lowers the risk of sexual transmis-
sion further, similar to HBV and HIV. However, the United States 
Public Health Service and a consensus statement issued by the 
National Institutes of Health have not recommended barrier pre-
cautions between stable monogamous sexual partners.   

    Detection of Hepatitis C Virus in the Semen 
of Infected Men and Reproductive Assistance 
in HCV-Discordant Couples 

 During the past few years, assisted reproduction has been facing a 
new demand from patients requiring assisted reproductive technol-
ogy ( ART  )   : couples at risk of partner-to-partner viral infection and 
mother-to-child transmission of viral infections—mainly HIV-1, 
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HCV and HIV–HCV co-infected partners. The request for repro-
ductive assistance in this context has been mainly for two medical 
reasons: either to overcome an infertility problem or to decrease 
the risk of horizontal transmission. This is directly correlated with 
three different scenarios: both partners being infected, female-only 
infection and male-only infection. The primary goal of  assisting 
discordant couples is to protect the uninfected man or  woman   from 
viral horizontal transmission and consequently remove the risk of 
vertical transmission if the mother is unaffected. Also, in assisted 
reproduction, HCV transmission may pose a risk for the newborn, 
for gametes or embryos from non-contaminated parents and also 
for technicians. 

 The debate on HCV-discordant couples requiring assisted repro-
duction is still open today. As most of the HCV patients enrolled in 
ART programmes are coinfected with HIV, in this scenario, coin-
fection is a crucial point when dealing with the sexual transmission 
of HCV, as the latter seems to be more frequent in patients coin-
fected by HIV, as shown by Filippini et al. [ 7 ] and Briat et al. [ 8 ]. 

 The presence of the virus in the sperm is not a controversial 
issue. Several studies have analysed semen samples of HCV-
positive men to define the possible presence of HCV RNA in 
semen fractions with controversial results. The majority of the 
papers published in the literature reported a prevalence of seminal 
HCV RNA varying from 0 to 30 % using different  PCR techniques  . 
These contradictory findings can be explained by differences in the 
collection and/or storage of samples and in the sensitivity of the 
assays designed to detect HCV RNA. An additional critical point 
is that HCV viral loads in seminal plasma show dramatic and rapid 
variations through time. Anyway, today we can assert that viral 
particles may be found in seminal plasma and in the other cell frac-
tions, but not in spermatozoa [ 9 ]. 

 The study by Briat et al. [ 8 ] included 120 HCV-positive men, 82 
of them coinfected with HIV-1, and demonstrated that HCV RNA 
was more frequently found in the semen of men coinfected with 
HIV-1 (37.8% in men coinfected with HIV-1vs 18.4% in those with 
only HCV infection). 

 The presence of the HIV virus in semen could therefore be a 
bias for the presence of HCV. However, other studies [ 10 ] reported 
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that HIV-positive status does not influence the presence of  HCV 
RNA   in the semen, and inversely, the presence of HIV RNA in the 
seminal plasma is not influenced by the HCV status. Only one 
paper by Bourlet et al. in 2009 [ 11 ] reported a 4-year follow-up 
French multicentre study that enrolled 86 HCV-serodiscordant 
couples. All the men enrolled were chronically infected by HCV 
and 10 of them by HIV. From the 58 couples effectively enrolled 
in the ART programmes of various reproductive centres, 24 preg-
nancies and 28 newborns were achieved. All of them tested nega-
tive for HCV RNA in blood. 

   Our group conducted a prospective study to assess prospec-
tively the viral risk for HCV-discordant couples in an  ART      pro-
gramme with the aims:

    1.    To report the clinical results of reproductive assistance in a 
cohort of HCV-discordant couples treated all in the same centre   

   2.    To evaluate the serological status of mothers and babies   
   3.    To open the discussion of whether or not infertile HCV couples 

should be treated as infected couples. Between January 2008 
and December 2010 in our Reproductive Centre at Sacco 
Hospital, University of Milan, we enrolled 35 couples with a 
seropositive HCV male and seronegative partner undergoing 
assisted reproduction. The ART laboratory we used for the pro-
cedure is considered a “viral risk” area, separated from labora-
tory facilities used for couples negative for HIV, HBV and 
HCV. Specifi c precautions were implemented against the risk of 
HIV, HCV and HBV contamination, as recommended by the 
French decree of 10 May 2001 [ 12 ], and the potentially infected 
gametes and embryos were handled separately. A special bio-
safety cabinet workstation was used for all tasks that involved 
handling sperm, oocytes and embryos.      

  All couples completed the immuno-virological and fertility tri-
age, and were treated according to our protocols. Couples were 
advised to use a condom during intercourse throughout the period 
of the ART programme. After sperm collection we performed 
“ sperm-washing  ” to separate motile spermatozoa from non-sperm 
cells, immotile spermatozoa and seminal plasma. After  swim-up  , a 
supernatant volume of 500 μl was recovered and used for intrauter-
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ine insemination (IUI) or intracytoplasmic sperm injection (ICSI) 
ovulation induction using gonadotrophins. We simultaneously 
performed an HCV assay for the qualitative and quantitative detec-
tion of HCV RNA in male blood plasma, but we decided to not 
perform PCR to detect HCV RNA in the final swim-up after 
sperm-washing, because previous papers have demonstrated that 
the HCV virus is not able to infect spermatozoa after swim-up. The 
status of the female partner was confirmed by HCV antibody test-
ing measurements during the 2 weeks before each ART attempt. 
These tests were repeated 6 months after treatment and again at 
delivery for pregnant women. The children born were tested once 
after birth for HCV RNA and after 18 months to check HCV 
antibodies. 

 The risk factors for HCV infection were intravenous drug usage 
in 4 (11 %), blood transfusion in 1 (3 %) and undetermined in 30 
(86 %). The range of viral load for HCV was between 1742 and 
360911 million of copies/ml in blood plasma. None of the males 
had ever received any treatment with antiviral drugs.  Infertility   was 
originally in the female or male in 29 % or 71 % of the cases 
respectively. The main cause of female infertility was fallopian 
tube occlusion (10 patients) and the main cause of male infertility 
was abnormal semen parameters. None of the seminal samples 
analysed in our study had normal values in all seminal parameters 
(number, motility, morphology), but the role of HCV in male infer-
tility is still to be defined. Bourlet et al. [ 11 ,  13 ] and Garrido et al. 
[ 14 ] supported the findings that HCV does not influence male 
infertility. In disagreement with Bourlet, who mainly performed 
ICSI in his study because of the use of frozen–thawed semen, we 
performed either  IUI   or ICSI on the unique basis of the infertility 
problems of the couples. 

 Fourteen couples underwent  superovulation and IUI  . The mean 
age (±SD) was 38 ± 4 for female partners. Basal FSH in women 
was 6.9 ± 2.9 IU/l. Couples had a mean of three treatments. 
Seventy per cent of pregnancies were obtained in the first three 
attempts. Twenty-one couples were treated using second-level 
ART procedures (mean number of cycles per couple 1.8). The 
mean age was (±SD) 37 ± 3 for female partners. The pregnancy 
rate in the IUI group (15 %) is higher than the rate reported for 
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infertile couples by the Italian National register, which collects the 
ART data from all Italian infertility centres (11 %). This difference 
is reasonably due to the small number of procedures (47 IUIs) 
performed. The pregnancy rate for  ICSI      was 18 % and the mean 
age of the women was 38 years. The Italian National register and 
Bourlet et al. [ 11 ] reported similar pregnancy rates in uninfected 
infertile couples. The fertilisation rate was high (88 %), supporting 
the hypothesis that the spermatozoa of HCV- infected patients 
might be competent. The pregnancy outcome of all the babies was 
good, with no preterm labour. 

 It is currently unclear why HCV should be less transmissible 
than  HIV      by sexual contact, similar in frequency for vertical trans-
mission, and probably more infectious through parenteral expo-
sure. It has been argued that the low infectivity of HCV by sexual 
contact is related to its low titre in genital secretions, but titres of 
free HIV are also low. It is possible that the presence of HIV-
infected lymphocytes might be more relevant for the transmission 
of HIV. However, interesting data by Azzari et al. [ 15 ] show that 
maternal peripheral blood mononuclear cell culture (PBMNC)    
infection by HCV and viral replicative activity in PBMNCs are 
important factors in the transmission of HCV from mother to child. 
It has been suggested that HCV might infect not only hepatocytes, 
but also mononuclear lymphocytes, including B cells that express 
the CD81 molecule, a putative HCV receptor. Thus, HCV is able 
to enter into lymphocytes and replicate itself, as demonstrated by 
the presence of a negative strain of HCV RNA, a marker of its 
replication. The role of  PBMNC infection   by HCV is controver-
sial, but it has been demonstrated that lymphocytes may act as an 
HCV reservoir and play a key role in the relapse of HCV disease 
after liver transplantation [ 8 ] or after the discontinuation of inter-
feron therapy. Only one author has analysed the quasispecies of the 
virus in blood and semen and did not find any differences [ 8 ]. The 
author observed that some men with a low blood viral load had 
detectable HCV RNA in their semen and conversely some men 
with a high blood viral load did not . Such discrepancies could be 
explained by local replication in leukocytes of the male genital 
tract, as reported in blood lymphocytes and monocytes [ 16 – 18 ]. 
Anyway,  phylogenetic comparison   of HCV quasispecies in blood 

6 Detection of Hepatitis C Virus in the Semen of Infected Men…



152

and in semen showed no evidence of HCV replication in genital 
leukocytes; however, a phylogenetic structure was observed 
between compartments and Briat et al. [ 8 ] suggested that HCV 
particles in semen might originate from passive passage from the 
blood, with preferential transfer of some variants. 

  There is also an additional risk to consider. The risk of HCV 
transmission during reproductive procedures is not documented 
and there is only a prospective multicentre paper reporting assisted 
reproduction in 56 HCV- serodiscordant couples. The aim of this 
study was to evaluate if the  sperm-washing   method was able to 
reduce levels of HCV in semen and the risk of HCV transmission 
to the newborn [ 11 ]. It is open to discussion whether or not infertile 
HCV-discordant couples should be treated as infected couples, and 
whether it is necessary to apply specific laboratory precautions. 
Since the publication of a case report that described the transmis-
sion of HCV from an infected patient undergoing IVF to two non-
infected patients undergoing IVF within the same clinic during the 
same time period (ASRM), there is great concern among clinicians. 
Although data on laboratory/nosocomial transmission of HCV dur-
ing assisted reproduction are both limited and controversial, show-
ing that  transmission   of viral hepatitis in assisted reproduction is 
possible, but with a risk of unknown magnitude, it is necessary for 
infertile HCV-discordant couples to be included in protocols of 
controlled assisted reproduction procedures to avoid any risk of 
HCV transmission to the partner and to the staff preparing the 
sample, and laboratory contamination of the gametes of other non-
infected couples through cryopreservation and manipulation [ 22 ]. 

 Indeed, in assisted reproduction HCV transmission raises 
some questions. One of these is that specific guidelines establish-
ing the behaviour of physicians in reproductive medicine have 
not yet been established. Should we treat HCV- discordant cou-
ples who require reproductive assistance? Most researchers 
believe that a sequential preparation with density–gradient cen-
trifugation–washing–swim-up is recommended for HCV-positive 
men, similar to HIV semen preparation [ 11 ,  19 ,  20 ]. Other 
authors do not consider HCV to be a sexually transmitted disease 
and for this reason believe that it is unnecessary to perform 
sperm-washing (  http://www.sginf.ch    ). The second main question 
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is: should fertile HCV- discordant couples be treated? We believe 
that it is not necessary if they do not need reproductive 
assistance .  

    Conclusion 

 We believe that even if sexual transmission of HCV is very low, in 
subfertile or infertile couples, sperm-washing should be used to 
treat HCV-positive semen before ART. We suggest that it might not 
be necessary to perform nested PCR to detect HCV RNA in the 
final pellet, as suggested by Bourlet et al. and presently required by 
French legislation [ 11 ]. As the presence of HCV in semen implies 
a possible risk of nosocomial contamination, safety regulations 
must be strictly applied in assisted reproduction laboratories. As 
reported by Englert et al. [ 21 ] it seems to be “safer and more ethi-
cally acceptable to handle patients with the same levels of risk 
together, i.e. detected viral carriers in one laboratory, negatively 
screened patients in another, rather than to mix patients with 
clearly different risk levels”. Therefore, the laboratory used for 
ART should be a “viral risk” area separated from the laboratory 
used for couples negative for HIV, HBV, HCV. International guide-
lines should be developed through studies on larger populations of 
chronically HCV-infected individuals.     
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          Risk of Cross-Contamination and Nosocomial 
Transmission 

 Worldwide, hepatitis B virus (HBV) accounts for an estimated 370 
million chronic infections, hepatitis C virus (HCV) for an esti-
mated 130 million, and HIV for an estimated 40 million. HBV, 
HCV and HIV share common routes of  transmission, even if non-
sexual transmission is more common in HCV transmission. The 
prevalence of potentially infectious individuals varies depending 
on the virus involved, the geographic region and the population 
subgroups. In developed countries, the general population preva-
lence of HBV is <0.5 %, HCV 1 % and HIV 0.15 % [ 1 ]. Sub-
Saharan Africa accounts for most (65 %) HIV infections worldwide 
and has a high prevalence of chronic HBV infection. The popula-
tion prevalence of HIV is 20 % in Southern Africa and at least 8 % 
of the population in these areas are chronically infected, with 
70–90 % having serological evidence of previous HBV infection [ 2 ]. 
The highest prevalence of HCV infection has been reported from 
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Northern Africa (particularly Egypt), and has been found in 
25–30 % of HIV-positive persons and 72–95 % of injection drug 
users [ 2 – 5 ]. Some Asian countries have a high incidence of BBV 
carriers. Heterosexual intercourse represents the major vector of 
HIV transmission worldwide. The risk of seroconversion after an 
initial negative screen in co-habiting couples participating in an 
ART programme is negligible. The incidence in this population of 
hepatitis B surface antigen was 0.28 %, hepatitis C antibody 
0.33 %, and HIV 0.007 % [ 6 ]. 

 Viral transmission risk via ART is possible and has been 
reported. Cross-contamination between infected and uninfected 
patients and samples can potentially occur during clinical proce-
dures and during subsequent laboratory procedures such as 
insemination, injection, incubation and cryopreservation [ 7 ,  8 ]. 
HBV is known to be present in many body compartments includ-
ing blood, semen and vaginal secretions depending on the viral 
concentration [ 7 ,  9 ]. In addition, HBV (and HCV) can remain 
viable in dried blood on environmental surfaces at room tempera-
ture [ 3 ]. A case has been reported of an acute viral hepatitis B in 
a woman following artificial insemination with a sperm donor, 
which was subsequently found to be positive for hepatitis B sur-
face antigen [ 10 ]. The infection of women whose embryos were 
exposed to HBV in contaminated human serum present in the 
culture medium during in vitro fertilisation (IVF) has also been 
reported [ 11 ]. In vitro and in vivo data suggest that the risk of 
HBV integration, and subsequent replication and expression, 
remains during IVF and intracytoplasmic sperm injection (ICSI) 
procedures as germ cells may be vectors for the vertical transmis-
sion of HBV [ 9 ,  12 ,  13 ]. HBV DNA, HBV RNA and HBsAg were 
found in oocytes and embryos of couples with at least one 
HBsAg-seropositive partner [ 12 ,  13 ]. HBV can integrate into 
human sperm and oocytes. Human sperm-mediated HBV genes 
are able to replicate and express themselves, as suggested by the 
detection and expression of the HBV X gene in one- and two-cell 
embryos from golden hamster oocytes fertilised in vitro with 
human spermatozoa carrying HBV DNA [ 14 ]. The entire HBV 
genome, introduced via pronuclear DNA microinjection, was inte-
grated into mouse F1 hybrid embryos and stably transmitted to 
progeny until the F10 generation [ 15 ]. HBV DNA sequences are 
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able to pass through the zona pellucida and oolemma to enter 
mouse oocytes and are also able to integrate into their chromo-
somes [ 16 ]. 

 Performing ART in a patient with HCV infection may also lead 
to a possible risk of nosocomial contamination. In fact, HCV RNA 
was detected in unfertilised oocytes and in follicular fluid and 
culture media from HCV-positive women irrespective of the 
degree of blood contamination [ 17 ,  18 ]. HCV was also present in 
the seminal plasma of chronically HCV-infected males at varying 
prevalence [ 19 ] with no correlation with HCV virus load [ 20 ]. 
Two cases of nosocomial transmission of HCV in patients attend-
ing the ART centre for ICSI/FIV have been reported. In both cases 
the contaminated patient had had follicular puncture immediately 
after the HCV infected patient puncture one [ 21 ]. It should be 
remembered that HCV is an RNA virus and has no reverse tran-
scriptase activity; therefore, it cannot succeed in DNA integration 
within infected cells, sperm or embryos [ 22 ]. One case of an HCV- 
infected newborn out of 30 born to HCV- and polymerase chain 
reaction (PCR)-positive women undergoing ICSI cycles has been 
reported and none of those born to  PCR- negative females was 
infected [ 23 ]. HIV virus is present in semen as a free virus in the 
seminal plasma and as a cell- associated virus in the non-sperm 
cells. HIV may be able to attach to or infect spermatozoa, although 
this issue is controversial [ 7 ,  24 ]. HIV infection in artificial 
insemination with a sperm donor has been reported [ 25 – 27 ]. 
Transmission of HIV by artificial insemination by donor semen 
was first described in Australia by Stewart et al. [ 28 ], then by 
Chiasson et al. [ 25 ] in the USA. These accidents demonstrated 
early in the epidemic that sperm alone, independently of any 
sexual contact, can transmit the virus with very similar frequen-
cies to situations of occasional sexual intercourse. 

 The blood plasma viral load of HIV is known to be related to 
the risk of HIV transmission [ 29 ,  30 ]; however, viral loads in 
semen and in blood plasma may be discordant [ 31 ]. The virus can 
persist in semen even during antiretroviral therapy and with an 
undetectable blood viral load [ 29 ,  32 – 34 ]. HIV RNA may be 
amplified in semen, when undetectable in plasma, in 2–8 % of 
patients under highly active antiretroviral therapy (HAART) 
[ 35 ,  36 ]. The female genital tract also represents a distinct 
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compartment for HIV-1 replication/evolution. Genital shedding of 
the virus was demonstrated in 25 % of women with an undetect-
able plasma viral load [ 37 ]. The presence of HIV-1 in follicu-
lar fluids, flushes and cumulus oophorus cells of HIV-1-seropositive 
women during ART has been reported, which represents a cross-
contamination risk within the laboratory setting [ 24 ,  38 ].  

    BBV Infection Risk Related to Cryopreservation 

 Although not yet reported, the cryopreservation of gametes and 
embryos in liquid nitrogen presents a risk of cross- contamination 
of HIV, HBV and HCV to other samples. In fact, these viruses are 
well known to have the ability to survive, and retain their viru-
lence, in liquid nitrogen [ 39 ]. There have already been reports of 
the HBV contamination of negative bone marrow samples cryo-
preserved in the same liquid nitrogen tank as those harvested from 
an HBV- infected patient. The leakage of the cryopreservation 
bags used to store the infected bone marrow leads to contamina-
tion of the tank and its contents with HBV and with subsequent 
transmission to patients after transplantation [ 40 ,  41 ]. Cross-
contamination may occur during semen processing before 
freezing in laboratories that use containers of polyvinyl alcohol 
(PVA) sealing powder for multiple patients or donors. In fact, 
PVA powder may accumulate microorganisms. Tamping straws 
from different patients into the same powder could result in cross-
contamination [ 42 ]. The storage of semen in cryovials placed in 
direct contact with liquid nitrogen may not be safe, as cryovials 
are able to absorb up to 1 ml of potentially contaminated liquid 
nitrogen if their caps cannot maintain their seal [ 40 ]. Straws may 
leak or shatter during freezing or blow open during thawing and 
those that are inadequately sealed could absorb contaminated 
nitrogen [ 14 ,  42 ]. The type of straws and the sealing system and 
instruments used are also important. Letur-Könirsch et al. [ 39 ] have 
evaluated the safety of three types of straws under cryopreservation 
conditions: polyvinyl chloride (PVC), polyethylene terephthalate 
glycol (PETG) and high-security ionomeric resin (IR) straws. 
Only the heat-sealed ionomeric resin straws were found to be safe 
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against leakage of HIV-1 into the surrounding medium [ 39 ]. 
Sealing PVC and PETG straws ultrasonically could incur the risk 
of not ensuring their impermeability [ 39 ,  43 ].  

    Safety Measurements 

 Patient admittance to ART treatment cycles must be regulated by 
physicians and the laboratory staff must be informed about the risks 
of handling potentially infected biological material. Certain strate-
gies should be established to ensure the safety of ART and signifi-
cantly reduce the risk of BBV infection and cross-contamination. 

 The first step consists of routinely screening patients for human 
HIV, HBC, HCV and other sexually transmissible diseases before 
processing or cryopreservation gametes and embryos [ 7 ,  44 ]. 
Screening is mandatory only for gamete donors, which is not the 
case for the donation of reproductive cells between partners who 
have an intimate physical relationship ([ 45 ], Annex III). However, 
systematic screening of couples attending assisted reproduction 
centres is strongly recommended, as it confers many benefits from 
the ethical and medico-legal standpoints [ 7 ,  8 ]. 

 Where HIV-1 and -2, hepatitis B or hepatitis C test results are 
positive or unavailable, or if screening is refused by one or both 
partners, samples should be processed in a separate laboratory or 
designed space within the same laboratory, utilising a separate 
storage tank to minimise the risk of cross- contamination [ 7 ,  8 ,  46 ]. 
There is good evidence for recommending the use of antiviral 
drugs in an HIV-infected partner, to reduce HIV viraemia [ 47 ] 
and to use sperm- washing methods if the male is HIV+ or 
HCV+. In fact, reduction of HIV and/or HCV shedding in semen 
by density gradient centrifugation followed by swim-up is an 
efficient method [ 31 ,  32 ,  48 – 52 ] and should be performed to 
decrease the viral load before using and freezing the semen 
samples. 

 The sperm-washing procedure consists of density gradient 
centrifugation followed by a sperm swim-up step to separate 
motile sperm from free HIV and HIV-infected somatic cells 
[ 53 ,  54 ]. Virological testing of the sperm fraction using a PCR 
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technique for the presence of residual detectable HIV before its 
use for insemination can provide an added measure of safety, as 
up to 8 % of samples may contain residual virus after the proce-
dure [ 52 ]. Very sensitive RT-nested PCR assay for the detection of 
HIV-1 RNA in different parts of semen for which the sensitivity 
for HIV-1 RNA detection is 20–50 HIV-1 RNA copies per millilitre 
have been developed [ 32 ]. HIV-1 RNA could be detected even 
after swim-up and the inhibition of HIV-1 RNA amplification is 
relatively common; thus, when using PCR techniques for semen 
validation, inhibition of the reaction must be controlled by using 
an internal control that is well targeted at exploring the detection 
limit of the method. Extraction techniques using silica or resine 
breads seemed to increase the assay performance because of better 
washing [ 55 ]. The sperm-washing procedure could also be used in 
cases of sperm retrieval where sperm volume and density are low, 
allowing the treatment with testicular spermatozoa in azoospermic 
HIV-positive men [ 56 – 59 ]. HCV RNA was detected in 20 % of 
seminal plasma samples from HCV viraemic patients, but not in 
any seminal cells or motile spermatozoa fractions [ 31 ]. After 
density gradient centrifugation was either followed or not fol-
lowed by a swim-up step, no HCV RNA was found in the purified 
90 % fraction of the sperm, which is the one used for insemination 
[ 31 ,  60 ]. Even if no effective vaccine against HCV is available, 
ribavirin and peginterferon could be used to decrease the viral 
load before fertility treatment in a PCR- positive, HCV-infected 
partner (48 weeks). Pregnancy should be deferred for an addi-
tional 6 months after the conclusion of therapy, regardless of 
which partner is undergoing the treatment [ 46 ]. In male HBV 
patients, sperm-washing is not necessary for preventing the risk of 
sexual transmission unless the female partner has not been effec-
tively vaccinated against HBV and in this case ART should be 
delayed until vaccination has taken place [ 7 ,  9 ,  46 ]. 

 If the woman is infected by the HBV, the couple must be 
warned about the necessity of the specific vaccination of their 
newborn [ 44 ]. A systematic review of the literature has shown that 
lamivudine use in HBV carrier-mothers with a high degree of 
infectiousness in late pregnancy effectively prevented HBV intra-
uterine infection and mother-to-child transmission [ 61 ]. 
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 Universal precautions and adherence to strict safety guidelines 
should be applied in all ART laboratories, but those dedicated to 
chronic carriers of viruses should be equipped with the whole 
range of adapted facilities for handling of gametes, embryos or 
ovarian or testicular cells for ART [ 7 ,  8 ]. Preimplantation diagnosis 
may even be performed if needed [ 62 ]. To further minimise the 
risks of cross- contamination, infected patients should be separately 
treated in a dedicated facilities or at different time from non 
infected patients [ 7 ,  8 ,  63 – 65 ]. Infected patients can be seen at the 
end of the programme for vaginal echography, oocyte retrieval, 
transfer and insemination [ 7 ]. Vaginal ultrasound probes should be 
covered with a protective sheath and wiped with a germicide-
impregnated tissue before and after each patient is scanned [ 66 ]. 
A separate adapted laboratory devoted to infected patients, with an 
airtight chamber and safety access procedures could be set apart for 
treating the biological material of patients (semen, oocytes and 
embryos) when HIV, HCV or HBV carriers are involved. A verti-
cal laminar flow cabinet for viral culture with 100 % recirculation 
of filtered air was adapted with a microscope and video vision to 
provide the laboratory workers with a safe workplace [ 7 ,  8 ]. The 
laboratory designs include facilities for cleaning and disinfection; 
working surfaces and equipment used should be cleaned with addi-
tional non-embryotoxic disinfecting agents [ 7 ,  8 ]. 

 Some other general protective measures should be applied, 
such as the use of laboratory clothing, non-toxic gloves and 
masks, eye and face protection where appropriate, and the use of 
cryogloves when handling cryogenic materials. A fume-hood 
should be used when using fixatives. Mechanical pipetting 
devices should be used for one procedure only and never for more 
than one patient at a time. Mouth pipetting should be prohibited. 
Needles and other sharps should be handled with caution and dis-
carded in special containers. Any non- disposable equipment 
should be sterilised using non- embryotoxic products. Access to 
the laboratory should be limited to authorised personnel only 
[ 7 ,  8 ,  44 ,  46 ,  67 ]. 

 During storage, proper measures should be taken to safeguard 
against the risk of cross-contamination. A system of separate stor-
age should be considered [ 7 ,  8 ,  17 ]. Containers used for cryo-
preservation must be guaranteed by manufacturers to withstand 
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freezing temperatures. Any straws found to be defective after 
thawing should not be used in ART. Adequate sealing is essential 
and should be checked carefully before freezing. A procedure 
whereby straws are heat-sealed at both ends should be imple-
mented. The safety of heat-sealed shatterproof CBSTM ionomeric 
resin straws for the cryopreservation of semen-containing HCV 
[ 68 ] and HIV-1 RNA [ 39 ] have been demonstrated, with no 
reported cases of cross-contamination. The use of “double bag-
ging” to store cryovials inside a second skin, such as those called 
Cryoflex, to prevent the direct contact of the cryocontainer with 
the liquid nitrogen, is recommended [ 40 ,  46 ]. The use of vapour 
storage for both oocytes and sperm may be a viable alternative to 
the storage of gametes and/or embryos in liquid nitrogen alone, 
which has the potential to become contaminated [ 40 ,  46 ,  69 – 71 ]. 
PVA powder sealing should be used for one patient only. Straws 
should be decontaminated after sealing [ 43 ,  68 ]. Incubators should 
be frequently cleaned and sterilised. Nitrogen tanks are recom-
mended to be cleaned and sanitised at least every year [ 67 ]. The 
exterior surface of straws should be sterilised before cutting with 
the use of sterile scissors to open the straws. Only one patient 
biological sample should be processed for cryopreservation at a 
time, at a workstation separated from other biological samples. 
In addition, to diminish the risks further, ART using cryopreserved 
sperm should involve a semen preparation protocol employing 
density gradients and sperm-washing techniques [ 31 ,  60 ].  

    Concern About Natural Conception in HIV-
Serodiscordant Couples 

 For serodiscordant couples with no infertility factors, natural con-
ception could be an alternative to assisted reproduction under 
certain conditions. If the woman is the infected partner, conception 
is possible by auto-insemination with no risk to the partner. Some 
authors are in favour of conception by unprotected sexual inter-
course limited to the fertile days for HIV-serodiscordant couples 
treated by HAART where there is an undetectable viral load [ 72 ,  73 ]. 
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 The Swiss HIV Commission stated in its guidelines that: “The 
risk of sexual transmission of HIV is negligibly low if three condi-
tions are met: (1) the HIV-infected patient is receiving antiretrovi-
ral therapy with excellent adherence; (2) blood viral load has 
consistently been undetectable (<40 copies per ml) for more than 
6 months; and (3) no sexually transmitted diseases (STDs) are 
present in either of the partners” [ 36 ]. 

 Gray et al. [ 74 ] showed a lack of sexual HIV transmission 
through unprotected intercourse in couples in which males had 
viral load values <1500 HIV RNA copies/ml and estimated the 
average risk of heterosexual HIV transmission to be 0.001–0.0001 
per sexual contact [ 74 ]. However, it is worth noting that the aver-
age number of acts of sexual intercourse necessary to achieve 
pregnancy at 26–35 years of age for a couple with normal fertility 
is hence 3–10 and thus for a risk of HIV transmission of 0.0001 
per unprotected act of sexual intercourse, the risk of seroconver-
sion would then be 0.001 per pregnancy [ 75 ]. This risk could be 
higher, as fertility could be altered in HIV-positive persons 
because of the infection itself or the potential impact of the 
HAART on ovarian function and the sperm quality and so the 
required numbers of cycles necessary to conceive are higher, espe-
cially if the woman is older [ 75 ]. Furthermore, to obtain an esti-
mated risk of transmission of 0.001–0.0001 per sexual contact, a 
series of 3000–30,000 natural pregnancies would be needed to 
truly establish the safety of such an approach [ 72 ]. The couple 
should be informed that there is much better controlled experience 
with “sperm-washing” procedures, as natural conception is still 
registered in small series [ 72 ]. 

 Antiretroviral pre-exposure prophylaxis is a promising 
approach for preventing human immunodeficiency virus type 1 
(HIV-1) infection in heterosexual populations. A randomised trial 
of oral antiretroviral therapy for use as pre- exposure prophylaxis 
among HIV-1-serodiscordant heterosexual couples from Kenya 
and Uganda, enrolling 1584 couples randomly assigned to TDF, 
1579 to TDF-FTC and 1584 to placebo, and followed monthly for 
up to 36 months, showed that the once daily intake of tenofovir 
(TDF) or a combination tenofovir–emtricitabine (TDF–FTC) are 
respectively associated with a relative reduction of 67 and 75 % in 
the incidence of HIV-1. The HIV-1-seropositive partners were not 
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receiving antiretroviral therapy and did not meet Kenyan or 
Ugandan guidelines for initiation of antiretroviral therapy. TDF 
was given at a dose of 300 mg, and FTC 200 mg [ 76 ]. 

 Whetham et al. [ 77 ] reported the first UK use of pre- exposure 
prophylaxis for conception (PrEP-C) in 32 male- positive/female-
negative couples. The PrEP-C consists on TDF–FTC intake by the 
female at protocol-designated times before ± after timed ovulatory 
intercourse. Eleven pregnancies in ten couples have been obtained 
with no HIV transmission. Mugo NR et al. [ 78 ] showed the safety 
of PrEP with TDF alone or combination FTC+TDF taken at con-
ception, as differences in pregnancy incidence, birth outcomes, 
and infant growth were not statistically different when compared 
with placebo [ 78 ]. 

 Guidelines were proposed to further reduce the risk of sexual 
transmission:

    1.    The male partner being successfully treated, with undetectable 
HIV RNA in the plasma (<50 copies/ml) for at least 6 months, 
without the need for HIV RNA testing in semen   

   2.    No current symptoms of genital infections   
   3.    No unprotected sex with other partners   
   4.    Use of a luteinising hormone (LH) test in the urine to determine 

the optimal time of conception (36 h after LH peak)   
   5.    PrEP with TDF (300 mg), fi rst dose at LH peak and a second 

dose 24 h later with intercourse the evening of the second dose     

 After six unsuccessful attempts a fertility evaluation is sug-
gested [ 79 ].  

    Attitude Regarding Gamete Donors 

 According to Commission Directive 2006/17/EC [ 45 ] Annex III, 
of 8 February 2006 implementing Directive 2004/23/EC of the 
European Parliament and of the Council regarding certain technical 
requirements for the donation, procurement and testing of human 
tissues and cells, gamete donors other than partners must be 
screened for sexually transmitted infections and must be negative 
for HIV-1 and -2, HCV, HBV and syphilis on a serum or plasma 
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sample, tested in accordance with Annex II, point 1.1, and sperm 
donors must additionally be negative for chlamydia on a urine 
sample tested by the nucleic acid amplification technique (NAT). 
Blood samples must be obtained at the time of donation. Sperm 
donations other than from partners are quarantined for a minimum 
of 180 days, after which repeat testing is required. No quarantine 
is needed when blood NAT testing have been performed on the 
day of donation. Human T-cell lymphotropic virus type I (HTLV-I) 
antibody testing must be performed for donors living in or origi-
nating from high-incidence areas or with sexual partners. Under 
certain circumstances, additional testing may be required, depend-
ing on the donor’s travel and exposure history and the charac-
teristics of the tissue or cells donated (e.g. RhD, malaria, 
cytomegalovirus,  Trypanosoma cruzi ). 

 According to the guidelines for Gamete and Embryo Donation 
published by the   Practice Committee of the American Society for 
Reproductive Medicine     [ 80 ], the quarantining of oocytes is not 
practical. All potential recipient couples should be offered the 
option of cryopreserving and quarantining embryos derived from 
donor oocytes for 180 days, with release of the embryos only after 
the donor has been retested, with confirmed negative results. 
However, couples also should be informed that embryo 
 cryopreservation may significantly reduce implantation rates. The 
recipient couple should be appropriately counselled in the event of 
seroconversion of the oocyte donor after cryopreservation of the 
embryos. Attitudes regarding oocyte cryopreservation for dona-
tion should be changed regarding the efficicency of NAT testing 
and the contemporary vitrification methods [ 81 ]. Cobo et al. [ 82 ] 
showed that the delivery rate (DR) per warming cycle using vitri-
fied embryos developed from vitrified oocytes or vitrified embryos 
derived from fresh oocytes are comparable (33.8 % vs 30.9 %) and 
concluded that vitrification at the early cleavage or blastocyst 
stage of embryos obtained from previously vitrified oocytes has 
no effect on the DR/warming cycle. Dominguez et al. [ 83 ] also 
reported that oocyte vitrification does not disturb embryonic 
metabolomic profiles and that the outcome of cryotransfer of 
embryos developed from vitrified oocytes (double vitrification) 
has no impact on delivery rates.  

7 Laboratory Safety During Assisted Reproduction in Patients…

http://www.ncbi.nlm.nih.gov/pubmed?term=Practice Committee of the American Society for Reproductive Medicine[Corporate Author]
http://www.ncbi.nlm.nih.gov/pubmed?term=Practice Committee of the American Society for Reproductive Medicine[Corporate Author]


168

    BBV Infection Risk and Attitude Regarding 
Health Care Workers 

 The main risk to health care workers (HCWs) is through needle-
stick and other percutaneous and mucocutaneous exposures, 
which are frequent, and under-reported [ 84 ]. Laboratory techni-
cians and hospital nurses are the most frequently exposed groups 
[ 1 ,  84 ,  85 ]. The average risk of HIV transmission after a percuta-
neous exposure to HIV-infected blood has been estimated to be 
approximately 0.3 % (95 % confidence interval [CI], 0.2–0.5 %) 
and that after mucous membrane exposure it is approximately 
0.09 % (95 % CI, 0.006–0.5 %) [ 4 ]. Exposure to contaminated 
needlesticks among healthcare workers has demonstrated that 
HBV is 100 times more infectious than HIV and HCV is ten times 
more infectious than HIV [ 2 ]. This risk is related to the frequency 
of contaminated exposures, the prevalence of disease in the source 
populations, the risk of transmission given  exposure to an infected 
source and the effectiveness of post- exposure management [ 1 ]. 

 Post-exposure prophylaxis should be offered to all persons who 
have sustained a mucosal or parenteral exposure to HIV from a 
known infected source as urgently as possible and, at most, within 
72 h after exposure [ 86 ,  87 ]. Antiretroviral agents from six classes 
of drugs are currently available to treat HIV infection. These 
include the nucleoside and nucleotide reverse-transcriptase inhib-
itors (NRTIs), non-nucleoside reverse-transcriptase inhibitors 
(NNRTIs), protease inhibitors (PIs), a fusion inhibitor (FI), an 
integrase strand transfer inhibitor (INSTI) and a chemokine (C-C 
motif) receptor 5 (CCR5) antagonist [ 4 ]. In low-risk exposure, the 
treatment regimen consists of TDF (300 mg once daily) with FTC 
(Emtriva; 200 mg once daily); a combination drug available as 
Truvada (300/200-mg tablet once daily) or zidovudine (Retrovir; 
300 mg twice daily) with lamivudine (Epivir; 150 mg twice daily); 
a combination drug available as Combivir (300/150-mg tablet 
twice daily) should be started. In high-risk exposure, the treatment 
regimen consists of TDF (300 mg once daily) with FTC (200 mg 
once daily) or zidovudine (300 mg twice daily) with lamivu-
dine (150 mg twice daily), plus lopinavir/ritonavir (Kaletra; 
400/100 mg, two tablets twice daily) or atazanavir (Reyataz; 
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400 mg once daily). All these regimens should be started within 
72 h after exposure for 4 weeks [ 86 ]. 

 In non-vaccinated HCWs or HCWs with an unknown antibody 
response to vaccination exposed to an HbsAg-positive or an 
untested source patient, post-exposure prophylaxis consists of a 
single dose of hepatitis B immune globulin, 0.06 ml per kg intra-
muscularly within 24 h of exposure, followed by hepatitis B 
vaccine series [ 86 ]. No effective post- exposure prophylaxis is 
available for HCV, and neither interferon nor immune globulin is 
recommended; however, it is crucial to identify HCV exposure 
and infection in health care [ 1 ,  85 ,  86 ]. 

 The psychological impact of needlesticks or exposure to blood 
or body fluid should not be underestimated for HCWs [ 4 ,  7 ]. 
HCWs frequently experience intrusive thoughts, problems concen-
trating, sleeping difficulties, anger and a decrease in sexual desire. 
Some can even react aggressively as an expression of fear for their 
own safety [ 1 ,  7 ,  85 ]. Although the hepatitis viruses are more easily 
transmissible, the fear of HIV infection is the major cause of stress 
and anxiety experienced by many HCWs. Special attention should 
be given to motivation and training of the fertility clinic staff who 
are not accustomed to handling infected patients [ 7 ]. Vaccination 
of the medical staff against hepatitis is recommended [ 44 ].  

    Legitimacy of BBV Screening Before 
Infertility Treatment 

 Testing patients and gamete donors for HIV and other sexually 
transmitted diseases is recommended to be routinely adopted 
before treatment and gamete cryopreservation by the American 
Society for Reproductive Medicine practice guidelines, ESHRE 
guidelines for good practice in IVF laboratories 2000, the 
Commission Directive of the European Parliament and of the 
Council as regards certain technical requirements for the donation, 
procurement and testing of human tissues and cells (2004/23/EC 
and 2006/17/EC, Annex III). According to the latter, this screen-
ing must be performed for the donor other than the partner or the 
partner donor in the non-direct use of gametes, when reproductive 
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cells are to be processed and/or stored and will result in the cryo-
preservation of embryos. However, from the ethical and medico-
legal standpoints, all couples planning to have a child should be 
strongly encouraged to be screened for potentially transmittable 
infections before treatment, as recommended by the American 
Society for Reproductive Medicine practice guidelines, and many 
authors [ 7 ,  8 ,  68 ,  88 ]. The screening for BBV before ART is man-
datory in belgium, however. This practice should be considered 
good medical practice, as the means of significantly reducing the 
risk of HIV transmission to an uninfected partner and to offspring 
are available: vaccination of the uninfected partner and neonates 
for HBV, decreasing the viral load of HCV in the pregnant female, 
which is associated with a minor risk of vertical transmission of 
HCV [ 23 ], or simply informing and counselling patients. Measures 
can be taken to inform these patients of their condition, prognosis 
and treatment, refer them to an appropriate physician and counsel 
them about their reproductive options and the safer reproductive 
choices [ 7 ,  89 ]. This requires the presence of a multidisciplinary 
team [ 7 ,  64 ,  89 ]. 

 Multidisciplinary teams are essential in giving a comprehen-
sive approach to patients planning a child while chronically ill 
with a transmissible and potentially lethal disease. The team in 
Brussels includes an assisted reproduction clinician, a biologist, a 
specialist in internal medicine, an obstetrician and a paediatrician 
all specialised in HIV patients, in addition to a psychologist and 
the head of the Virology Laboratory and the AIDS Reference 
Laboratory at the Université Libre de Bruxelles. These profession-
als are all working within the same academic hospital. All requests 
and patients’ files are reviewed collectively [ 7 ,  89 ]. Healthcare 
professionals should provide reproductive counselling, taking into 
consideration the following aspects: the need to minimise the risk 
of transmission to the uninfected partner and/or offspring; enabling 
informed reproductive choices; informing couples about the risks 
of HIV transmission and the chances of pregnancy, with both 
natural and medically assisted conception; preparing couples for 
the psychological impact of assisted conception (availability, 
duration of treatment, failure and logistics); discussing the possi-
bility of fostering or adoptive parenting and informing and advis-
ing couples about the risks of sexual and vertical transmission of 
other frequently associated agents, such as hepatitis B or C [ 72 ]. 
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 Few people refuse these tests if offered in a non-repressive 
environment (no refusal has been observed in Brussels in 15 
years). In the literature, rates of individuals refusing to undergo 
screening range from 0.5 to 6 %, probably according to the politi-
cal and social context [ 1 ,  46 ]. Couples should  consider BBV test-
ing as part of responsible parenting and non- discriminatory if they 
know they will be hosted with respect and be correctly counselled 
and supported to optimise the control of their disease and the 
security of their uninfected partner and offspring. Moreover, 
screening enables patients presenting a risk to HCWs and other 
patients to be identified pre-treatment, thereby minimising the risk 
of transmission and cross-contamination when blood sampling, 
operating, laboratory processing and storing gametes and embryos.  

    Conclusion 

 Even if universal precautions are practised, a zero risk does not 
exist [ 7 ,  8 ,  68 ]. Patients are free to refuse the screening, but in 
these cases the centre should handle their gametes and embryos 
as those of patients who are chronic viral carriers [ 7 ,  90 ,  91 ]. 
The screening should not result in discrimination; fertility services 
should not be withheld from these individuals. The individual 
should always be referred to a centre that has the capacity to pro-
vide the necessary resources.     
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          Introduction 

 In the past few years, the global health community has made a 
great effort to improve maternal and child health in low- income 
countries, in particular focusing on reproductive health. Although 
infertility is a critical component of reproductive health, it has 
often been neglected in these efforts [ 1 ]. 

 Worldwide, between 8 and 12 % of the couples suffer from 
infertility. Contrary to popular belief, primary and secondary infer-
tility are a major health problem in developing countries too, both 
quantitatively and qualitatively, affecting a high proportion of 
couples [ 2 ].  
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     Prevalence of   Infertility in Low-Income Countries 

  Assessing the prevalence, distribution and trends of  infertility   is an 
important first step towards shaping evidence-based interventions 
and policies to reduce the burden of this neglected condition. 
However, differences in the definition of infertility account for dis-
similar estimates of infertility worldwide, both in developed and 
developing countries. 

 A recent study analysed household survey data from 277 demo-
graphic and reproductive health surveys to reveal global patterns 
and trends in infertility [ 3 ]. The authors used a demographic infer-
tility measure with live birth as the outcome and a 5-year exposure 
period based on union status, contraceptive use, and desire for a 
child. As the main results, they found that in 2010 an estimated 
48.5 million couples worldwide were infertile. Among women 
20–44 years of age who were exposed to the risk of pregnancy, 
1.9 % were unable to obtain a live birth (primary infertility). Out of 
women who had had at least one live birth and were exposed to 
the risk of pregnancy, 10.5 % were unable to have another child 
(secondary infertility; Figs.  8.1  and  8.2 ). Infertility prevalence was 
highest in South Asia, sub-Saharan Africa, North Africa/Middle 
East, Central/Eastern Europe and Central Asia. Levels of infertility 
in 2010 were similar to those in 1990 in most world regions, apart 

<1%
1%-1.99%
2%-2.99%
≥3%

  Fig. 8.1    Prevalence of primary infertility among women who seek a child, 
in 2010. Infertility prevalence relates the female partner; the age-stan-
dardised prevalence among women aged 20–44 years [ 3 ]       

 

I. Cetin and A. Laoreti



181

from decreases in primary and secondary infertility in sub-Saharan 
Africa (from 2.7 % in 1900 to 1.9 % in 2010 for primary infertility; 
from 13.5 to 11.6 % for secondary infertility) and primary infertil-
ity in South Asia. Owing to population growth, however, the 
 absolute number of couples affected by infertility increased from 
42.0 million in 1990 to 48.5 million in 2010.

    The authors of the study reported that their estimate of the 
global number of couples affected by infertility was lower than that 
of previous reports. This result is likely because of different defini-
tions of infertility. 

 Boivin et al. [ 4 ] estimated that 72.4 million women were infer-
tile in 2006. They used the median prevalence reported by seven 
published infertility studies that used a 12- or 24-month definition 
of infertility. The 12-month prevalence rate of infertility ranged 
from 6.9 to 9.3 % in less developed countries. Substantial geo-
graphical differences in the prevalence were noted, and these dif-
ferences were largely explained by different environmental, cultural 
and socioeconomic influences [ 4 ]. 

 A previous report by Rutstein and Shah [ 5 ] stated that 186 mil-
lion ever-married women in developing countries (excluding 
China) were infertile in 2002. This larger number may also be a 
result of differences in definitions: they included women who 
may not have been exposed to the risk of pregnancy and women 

<9%
9%-10.99%
11%-12.99%
≥13%

  Fig. 8.2    Prevalence of secondary infertility among women who have had 
a live birth and seek another, in 2010. Infertility prevalence relates to the 
female partner; the age-standardised prevalence among women aged 
20–44 years [ 3 ]       
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aged 15–20 years and 45–49 years, age groups that have a higher 
prevalence of infertility than women aged 20–44 years. 

 In conclusion, we can see the importance of a uniform definition 
of infertility. An infertility measure based on the ability to become 
pregnant may have different patterns, trends and levels from those 
based on the ability to obtain a live birth. 

 Irrespective of the different definitions of infertility used, there 
is a broad consensus that prevalence rates for infertility are higher 
in low-income countries than in developed countries, with the 
majority of people affected by infertility worldwide living in devel-
oping countries and having no access to infertility treatments, 
which are either unavailable or very costly.   

    Aetiology and Risk Factors for Infertility 
in Low-Income Countries 

 Infertility can be schematically determined by two broad groups of 
 causes  . The first group includes genetic, anatomical, hormonal and 
immunological problems. This group represents the “core” causes 
of infertility and it is responsible for about 5 % of the prevalence of 
infertility, with rates similar throughout the world. The second 
group includes causes that are preventable and their rates therefore 
differ widely around the world. These preventable causes are 
largely infection-related and iatrogenic [ 6 ]. 

 In a large study performed by the WHO Task Force on the 
Diagnosis and Treatment of Infertility, 8504 infertile couples in 33 
different countries were examined through a standard approach in all 
participating centres [ 7 ,  8 ]. The authors  estimated   that in Africa, over 
85 % of women had an infertility diagnosis attributable to an infec-
tion, compared with 33 % of women worldwide [ 7 ]. The type and 
mode of infection varies from country to country depending on 
social factors, the health infrastructure, healthcare practices and envi-
ronmental factors. Also, iatrogenic causes of infertility have higher 
rates in developing countries, representing approximately 15.5 % of 
all causes in Africa, compared with 5 % in Western Europe [ 9 ]. 

 Most preventable infertility in couples results from one of the 
factors described in the following paragraphs. 
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     Reproductive Tract Infections   

   Sexually transmitted diseases (STDs)   are prominent risk factors for 
infertility in developing countries. It has been estimated that approx-
imately 70 % of pelvic infections are caused by STDs, whereas the 
other 30 % are attributable to pregnancy-related sepsis [ 10 ]. 

 A study of 5800 couples in 33 World Health Organisation 
(WHO) centres in 25 countries showed that almost 50 % of the 
African couples and 11–15 % of patients in other parts of the world 
had infectious tubal disease [ 11 ]. 

 Studies from Nigeria, South Africa and Egypt have reported 
prevalence of tubal factor infertility ranging from 42 to 77 % [ 12 ]. 

 Similarly, most cases of male factor infertility are caused by 
previous infections of the male genitourinary tract, and studies 
conducted in Nigeria have shown a prevalence of male infertility 
in 26–43 % of cases [ 13 ,  14 ]. 

 The organisms most commonly involved in STD are  Chlamydia 
trachomatis  and  Neisseria gonorrhoeae  [ 12 ,  15 ]. Moreover, 
another sexually transmitted organism associated with infertility is 
HIV-1. Several studies have documented reduced fecundity in 
HIV-infected individuals [ 16 ]. Mechanisms involved include, 
essentially, tubal factor infertility through the greater susceptibility 
to other STDs and altered spermatogenesis [ 17 ]. Little is known 
about the possible direct role of HIV virus or antiretroviral therapy 
in female fertility, especially the negative influence on oocyte qual-
ity [ 16 ]. In addition, marital instability and polygamy secondary to 
infertility may in turn increase the spread of HIV-1 infection [ 18 ]. 

 Infectious diseases other than STDs may also cause infertility. 
Among these, tuberculosis is another major cause in both men and 
women [ 19 ] and a high prevalence of pelvic tuberculosis has been 
reported in studies from the Indian subcontinent [ 20 ], leading to 
tubal pathological conditions. 

  Genital tuberculosis   appears to be an important and common 
cause of Asherman’s syndrome in India, causing oligomenorrhoea 
or amenorrhoea with infertility. In a study of women with infertility 
and amenorrhoea/oligomenorrhoea, 68 % had a past history of 
tuberculosis [ 21 ], whereas the prevalence of genital tuberculosis in 
tubal factor infertility was 49 % in women requesting assisted 
reproduction [ 22 ]. 
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 Other infections associated with infertility in developing coun-
tries include  lepromatous leprosy   (which has been associated with 
an increased risk of semen abnormalities and azoospermia), schis-
tosomiasis and malaria, through a pathogenic mechanism that is 
still to be explained [ 6 ].   

     Unsafe Abortion   and  Healthcare Practices   

   Unsafe abortion is one of the biggest public health issues faced by 
women worldwide [ 23 ]. The WHO defines unsafe abortion as a 
procedure for terminating a pregnancy performed by persons lack-
ing the necessary skills or in an environment not in conformity 
with minimal medical standards, or both [ 24 ]. 

 Nearly half of all abortions worldwide are unsafe, and nearly all 
unsafe abortions occur in developing countries (98 %). An esti-
mated 21.6 million unsafe abortions took place worldwide in 2008, 
almost all being performed in developing countries (21.4 millions). 
In 2008, more than 97 % of abortions in Africa and 95 % of abor-
tions in Latin America were unsafe [ 25 ]. 

 Unsafe abortion can have severe consequences: 20–50 % of 
women have immediate complications (e.g. haemorrhage, sepsis or 
trauma) and 20–30 % suffer upper genital tract infection and 
become infertile. Unsafe abortions contribute to about 2 % of all 
causes of infertility [ 21 ]. Deaths due to unsafe abortion remain 
close to 13 % of all maternal deaths [ 25 ]. 

 Unhygienic obstetric practices (other than unsafe abortion) in 
developing countries are also major contributors to infertility. In 
sub-Saharan Africa, only 40 % of births are attended by trained 
birth personnel, with severe complications such as trauma and 
sepsis, both of which increase the risk of future infertility [ 26 ].    

     Sociocultural Factors   

 The WHO estimates that between 100 and 140 million girls and 
women worldwide have been subjected to one of the first three 
types of female genital mutilation [ 27 ]. Estimates based on the 
most recent prevalence data indicate that 91.5 million girls and 
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women above the age of 9 years in Africa are currently living with 
the consequences of female genital mutilation [ 28 ]. There are an 
estimated three million girls in Africa at risk of undergoing female 
genital mutilation every year [ 29 ]. 

 Female genital mutilation is recognised internationally as a vio-
lation of the human rights of girls and women. The practice is 
mostly carried out by traditional circumcisers, who often play other 
central roles in communities, such as attending childbirths, and 
who often have limited knowledge about the principles of aseptic 
techniques and the underlying anatomy. 

 The procedure is associated with immediate and long-term 
complications, which include haemorrhage, urination problems, 
sepsis, haematocolpos, dysmenorrhoea, dyspareunia, obstructed 
labour, increased risk of newborn death, fistula formation and 
infertility [ 30 ]. 

 Cultural beliefs such as early marriage, polygamy, aversion to 
female education and to condoms further contribute indirectly to 
infertility. There is also a disparity between rural and urban areas 
with regard to the number of healthcare facilities and access to 
health care [ 31 ].  

     Nutritional and Environmental Factors   

 Malnutrition, including micronutrient deficiencies, remains one of 
the major public health challenges, particularly in developing 
countries [ 32 ]. In 2011, almost 6.9 million children under 5 years 
of age died worldwide. 

 Micronutrient deficiencies have been associated with signifi-
cantly high reproductive risks, ranging from infertility to fetal 
structural defects and long-term diseases [ 33 ]. 

 The WHO estimates that in spite of recent efforts in the preven-
tion and control of micronutrient deficiencies, over two billion 
people are at risk of vitamin A, iodine and/or iron deficiency glob-
ally [ 34 ]. Other micronutrient deficiencies of public health concern 
include zinc, folate and the B vitamins, elements of critical impor-
tance for women of reproductive age. In addition, in low-income 
country settings it is often the case that more than one micronutri-
ent deficiency coexist [ 32 ], suggesting the need for simple 
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approaches to correct multiple micronutrient malnutrition (MMN), 
to decrease malnutrition- related infertility rates. 

 Environmental factors also have a great impact on fertility and 
reproductive health, causing about 25 % of deaths and diseases 
globally, reaching nearly 35 % in regions such as sub- Saharan 
Africa [ 35 ]. A significant proportion of that overall environmental 
disease burden can be attributed to relatively few key areas of 
risk. These include: poor water quality and sanitation; vector-
borne diseases; poor ambient and indoor air quality; and toxic 
substances [ 36 ].   

     Psychosocial  ,  Religious   and  Political Aspects   
of Infertility 

    Infertility has a profound effect on women and men worldwide. 
The psychosocial consequences of infertility for couples in high-
income countries have been widely described and include increased 
symptoms of anxiety and depression, loss of self-esteem, relation-
ship difficulties, diminished sexual satisfaction, reduced life satis-
faction and social isolation [ 37 ,  38 ]. 

 In developing countries, those in Africa in particular, communi-
ties place a high value on fertility and children. This is the main 
means of developing the web of relations that is formed with the 
nuclear and extended family, including the dead and the unborn, 
the village and the nation. Without children, this web is curtailed 
and infertile women are considered to be almost non-existent as 
individuals [ 39 ]. Therefore, the inability to conceive represents a 
devastating burden to the social, economic and personal well-being 
of those affected, a burden that is disproportionately suffered by 
the women [ 40 – 42 ]. Womanhood is often defined through mother-
hood and childless women are frequently stigmatised, leading to a 
wide range of psycho-social consequences: loss of social status and 
security, isolation, neglect, domestic violence and abuse, marital 
instability, problems with gender instability, loss of continuity of 
family lines, general emotional distress and even suicide [ 43 – 49 ]. 
Furthermore, as many families in low-income countries depend on 
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children for economic survival, childlessness and having fewer 
children than the number identified as appropriate are social and 
public health matters, not just medical problems [ 50 ]. 

 Although always negative, the impact of infertility in develop-
ing countries varies among different regions and is influenced, 
among others, by religious, sociocultural and legal factors [ 12 ]. 

 Three major religions, Islam, Judaism and Christianity, continue 
to influence behaviour, attitudes and policy-making. Judaism 
allows the practice of all techniques of assisted reproduction when 
the oocyte and spermatozoa originate from the wife and the hus-
band respectively. The attitude towards the practice of assisted 
reproduction varies among Christian groups, especially those situ-
ated in Western Europe and the Americas. Although assisted repro-
duction is not accepted by the Vatican, it may be practised by 
Protestant, Anglican and other denominations. According to tradi-
tional Christian views, beginning at conception, the embryo has a 
moral status as a human being, and thus most assisted reproductive 
technologies (ARTs) are forbidden. Islam dominates the Middle 
East and North Africa. According to Islam, the procedures of 
in vitro fertilisation and embryo transfer are acceptable, although 
they can be performed only within marriage [ 51 ]. 

 The rest of Africa and Asia consists of a patchwork of reli-
gions, including Buddhism, Hinduism, Taoism and Confucianism. 
People with Confucian or Buddhist beliefs consider infertility to 
be retribution for wrongdoing by the man, the woman or even the 
ancestors [ 52 ,  53 ]. 

 The pattern of religion is changing rapidly in many countries 
worldwide, as a result of various influences, including migration, 
disaffection with religion in some populations, and conversion to 
old or new religions. These changes may lead the physician in the 
field of reproduction to encounter  families with very different 
beliefs to those that dominated within a given society in the past. 

 Political context may also have a profound impact on infertility 
in developing countries. Despite representing a significant prob-
lem, there has been no political determination to directly address 
the problems associated with infertility in these countries. Attention 
has focused almost exclusively on the extremely high maternal 
mortality and overpopulation [ 54 ]. 
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 The overpopulation argument against infertility treatment in 
developing countries contends that there is already a problem of 
population growth in the world. From that perspective, infertility 
treatment not only has negative effects on population growth 
worldwide, but also diverts limited resources and funds from more 
important primary health needs [ 54 ,  55 ]. In this context, some 
believe that the infertile couple should be encouraged to coura-
geously accept their condition of childlessness rather than be 
offered intervention [ 56 ]. Nevertheless, the effect of infertility on 
an individual’s quality of life is huge and it disproportionately 
affects women and the poor [ 57 ]. India has recognised that infertil-
ity treatment should not be given a lower priority than other medi-
cal conditions and now includes infertility in a comprehensive 
reproductive and child health programme [ 58 ]. 

 It has been argued that, instead of ignoring the problem of infer-
tility in terms of the population growth argument, a better strategy 
would be to increase the efforts at family planning, with the aim of 
substantially decreasing fertility rates. At the same time, subfertil-
ity needs to be taken seriously and cost-effective techniques of 
diagnosis and treatment should be implemented.     

    Prevention of Infertility 

 Although attitudes among people in high-income countries towards 
the provision of infertility care in low-income countries have been 
either uncaring or indifferent, with an  emphasis on controlling 
overpopulation and dealing with limited funding, members of the 
medical and scientific community increasingly call for action to 
reduce the global burden of infertility [ 59 – 62 ]. 

 Most authors share the opinion that the first priority should 
always be prevention rather than cure [ 60 ].  Preventive   strategies, 
especially the prevention of pelvic infections caused by STDs or 
unsafe abortions, which play a major role in the aetiology of infer-
tility, should be regarded as the most important, successful and cost 
effective strategies for decreasing infertility rates, in addition to 
strategies to improve women’s health in general. 
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 Also, improving education about sexual and reproductive health 
in adolescents appears to be paramount in reducing the prevalence 
of infertility. It has been documented that reproductive and sexual 
events during the teenage years determine the future prospects of 
fertility [ 12 ]. Paradoxically, education not only helps to safeguard 
future fertility, but also reduces total fertility rates, as studies have 
shown that education, especially of women, is an important vari-
able determining the desired number of children [ 63 ].  

     Provision of   Reproductive Assistance 

  In 1948, the Universal Declaration of Human Rights stated that 
“Men and women of full age, without any limitation due to race, 
nationality or religion, have the right to marry and to raise a 
 family” [ 64 ]. 

 Almost 50 years later, at the United Nations International 
Conference on Population and Development in Cairo, the follow-
ing statement was made “Reproductive health therefore implies 
that people have the capability to reproduce and the freedom to 
decide if, when and how often to do so … and to have the informa-
tion and the means to do so…” [ 65 ]. 

 In 2004, the World Health Assembly adopted the five core 
points of the WHO sexual and reproductive health package. One of 
these was the global need to provide high-quality services for fam-
ily planning, including infertility services [ 66 ]. Furthermore, a 
stated target to “Achieve by 2015, universal access to reproductive 
health” represents Goal 5 among the United Nation’s Millennium 
Development Goals (  www.un.org    ) [ 67 ]. 

 Despite political and institutional statements, little progress has 
been made throughout the years towards the attainment of these 
goals with regard to infertility in developing countries. The reasons 
are multiple and include the lack of collaboration among non-
governmental organisations, civil society groups, the government 
and the research community; budgetary constraints; and a lack of 
real political commitment [ 68 ]. 
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 Two important initiatives highlighted the implications of child-
lessness in developing countries and convinced many infertility 
specialists of the need for accessible infertility care. 

 In 2001, a meeting was organised the WHO “Medical, Ethical 
and Social Aspects of Assisted Reproduction” [ 69 ]. Among many 
different recommendations, it was stated that infertility should be 
recognised as a public health issue worldwide, including in devel-
oping countries. Moreover, infertility management should be inte-
grated into national reproductive health education programmes and 
services and ART should be complementary to other ethically 
acceptable, social and cultural solutions to infertility. 

 A second milestone was the foundation of a Special Task Force 
on “Developing Countries and Infertility” by the European Society 
of Human Reproduction and Embryology in 2006 [ 70 ]. The fol-
lowing objectives were set out:

 –    To raise awareness surrounding the problem of childlessness 
in resource-poor countries within the donor community, poli-
ticians, funding agencies and research organisations through 
lobbying and publishing and the general population through 
information, education and counselling on infertility and its 
consequences.  

 –   To study the ethical, sociocultural and economic aspects of 
childlessness and infertility care in resource-poor 
countries.  

 –   To make infertility diagnosis and infertility treatment, 
including ARTs, available and accessible to a much 
larger proportion of the population, by simplifying the 
diagnostic procedures and simplifying and modifying the 
ovarian stimulation protocols and in vitro fertilisation 
procedures.  

 –   To work together with other organisations and societies 
working in the field of reproductive health to reach the goal 
of “global access to infertility care”.    

 In 2010, The Walking Egg (  www.thewalkingegg.com    ) was 
established, a not-for-profit foundation promoting accessible and 
affordable infertility services in developing countries [ 71 ]. The 
Walking Egg collaborates with the European Society of Human 
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Reproduction and Embryology and the WHO to make infertility 
care an integral part of reproductive health care in low-income set-
tings through innovation and research, advocacy and networking, 
training and capacity building, and service delivery [ 72 ].   

    Affordable Infertility Care 

  To make infertility  care   accessible to as many people as possible, 
it is suggested that services for basic infertility investigations and 
simple forms of infertility treatment, such as ovulation induction 
and artificial insemination, might be integrated into existing repro-
ductive health settings [ 61 ]. Reduction of costs is also considered 
a fundamental prerequisite for implementing ARTs in resource-
poor countries. 

 Sallam [ 66 ] proposed a model with three levels of assistance:

 –    A basic infertility clinic offering diagnostic tests and simple 
forms of infertility treatment  

 –   An advanced clinic where in vitro fertilisation (the simplest 
procedure) and more advanced diagnostic procedures are 
available  

 –   A tertiary-level infertility clinic offering specialised assisted 
reproduction and surgical procedures    

 Depending on the level of service, funding options include pub-
lic–private partnership models and partnerships between the World 
Bank and government, donor agencies, professional societies and 
the WHO [ 66 ]. 

 Standardised investigation of the couple at minimal cost 
enhances the likelihood of infertile couples seeking assistance. The 
one-stop diagnostic approach has been proposed, as it includes the 
responsibility for diagnosis and immediate management policy 
[ 71 ]. The consequences of the results for the management of the 
couple have to be discussed on the same day. 

 An accurate history of the couple’s personal and medical 
details, together with a simple light microscopy semen analysis, 
identifies the majority of infertility problems related to ovulatory 
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dysfunction and male subfertility. As tubal obstruction associated 
with previous pelvic infections is the greatest cause of infertility in 
many regions, hysterosalpingography and/or hysterosalpingo-con-
trast sonography are simple and accessible techniques for detecting 
this problem without major costs [ 50 ]. Office hysteroscopy and 
diagnostic laparoscopy have also undergone simplification over the 
years, but are still to be considered second and third-line proce-
dures among infertility investigation techniques. 

 The diffusion of ARTs in developing countries also requires the 
adaptation of infertility treatment protocols to low-resource set-
tings. The development of ARTs associated with low costs and a 
very low complication rate is mandatory if governments are to be 
convinced to fund infertility clinics. In response, simplified proto-
cols have been developed. 

 Preliminary awareness of fertility principles by the patients and 
staff working in the infertility clinics is important within a treatment 
programme and has been shown to be effective. This awareness 
includes the importance of timing intercourse to different cervical 
secretions and the harm caused by smoking and alcohol [ 6 ]. 

 Simplicity, safety and cost make clomiphene citrate the first-line 
treatment for inducing ovulation, provided that tubal patency has 
been documented, in association with timed intercourse or intra-
uterine insemination (IUI). 

 Gonadotropins represent a second-line agent for inducing ovu-
lation, and their use must be adopted by well-trained and experi-
enced staff, to monitor cycles so as to avoid ovarian hyperstimulation 
syndrome (OHSS) and to reduce the risk of multiple pregnancies, 
both complications with devastating consequences in low-resource 
countries. 

 In vitro fertilisation represents the logical treatment for tubal 
infertility and a second-line treatment for infertility. However, the 
establishment of high-technology assisted reproduction programs 
in low-resource countries is not only extremely difficult, but also 
controversial because of the limited healthcare budgets. Simplified 
protocols have been developed over the years to overcome this 
obstacle. The use of less potent and cheaper drugs to stimulate 
oocyte development, minimal monitoring, simplified culture sys-
tems and less technologically advanced equipment [ 73 – 77 ] have 
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been proposed as possible methods that may drastically reduce the 
per-treatment cycle cost, maintaining acceptable live birth rates 
[ 73 ]. Low-cost treatment models through the use of minimal ovar-
ian stimulation and single-embryo transfer would also theoretically 
eliminate the risk of OHSS and multiple births [ 76 ].   

    Assisted Reproductive  Technologies   and HIV 
in Low-Income Countries 

  A large body of evidence suggests that reproductive technologies 
can help HIV-affected couples to conceive safely with a minimal 
risk of HIV transmission to their partner and baby [ 16 ]. However, 
the majority of those affected by HIV live in low-income countries, 
where such technologies are neither geographically nor economi-
cally easily accessible, as discussed above [ 78 – 80 ]. At the end of 
2013, there were approximately 35.0 (33.1–37.2) million people 
living with HIV globally, with sub-Saharan Africa representing the 
most affected region, with 24.7 (23.4–26.2) million people living 
with HIV. Moreover, sub-Saharan Africa accounts for almost 70 % 
of the global total of new HIV infections [ 81 ]. 

 Individuals with HIV-seropositive status deserve full reproduc-
tive rights and it has been widely demonstrated that simply encour-
aging HIV-affected couples to abstain from procreation may no 
longer be a realistic strategy, particularly in communities and cul-
tures where the importance of having children is emphasised [ 82 ]. 
In the absence of counselling that recognises the desire and impor-
tance of having children, couples may deliberately take on the risks 
of transmission to have children, engaging in unprotected 
intercourse. 

 In this context, an increasingly crucial issue is the introduction 
of harm reduction and safer conception methods for people with 
HIV infection in settings where ART cannot be easily obtained. 
This is particularly urgent, considering that many countries have 
recently shown a decline in AIDS- related deaths, but continue to 
have a high prevalence of HIV infection, largely because of the 
increased longevity associated with antiretroviral therapy [ 83 ]. 
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 Most international research on safer conception interventions 
has been based on settings from industrialised-world contexts and 
has concentrated on options for couples in which the male partner 
is infected with HIV and the female partner is not, therefore focus-
ing on “high-technology” methods such as sperm-washing with 
IUI or in vitro fertilisation/intracytoplasmic sperm injection in 
laboratory settings. 

 However, these interventions are not feasible on a widespread 
basis in resource-constrained settings. Furthermore, in low-income 
countries, such as in sub-Saharan Africa, most couples are serodis-
cordant for HIV female positivity, which is different from devel-
oped countries, where more men than women are seropositive. As 
a result, there is a considerable amount of data on the efficacy of 
sperm-washing, but limited data on timed, unprotected sex, and 
few data on vaginal insemination [ 78 ,  84 ]. 

 In resource-limited settings, before any safer conception inter-
vention, couples should be counselled and screened in line with the 
recommendations regarding viral load, CD4+ cell count and sexu-
ally transmitted infections. The counsellor should emphasise the 
need for a close adherence to antiretrovirals to attain an undetect-
able viral load in the infected partner [ 85 ]. Moreover, if the woman 
is infected, her ART regimen must exclude teratogenic antiretrovi-
rals. Fertility screening is also advisable, if feasible, considering 
the high prevalence of infertility problems in people with HIV 
infection [ 78 ]. 

 The most feasible method in low-income countries for HIV-
serodiscordant couples in which the woman is HIV- seropositive 
seems to be vaginal self-insemination with sperm from the unin-
fected male partner, timed to the woman’s fertile period [ 78 ]. This 
intervention involves the couple either having intercourse with a 
condom and then drawing out the semen into a needleless syringe 
and inserting it as high as possible into the vagina, or the male 
partner ejaculating into a container and the semen being drawn up 
in a similar manner. A recent study conducted in Kenya recruited 
33 HIV-serodiscordant couples and health-care providers. The 
authors found that educating and counselling HIV- serodiscordant 
couples on vaginal insemination could make it an acceptable and 
feasible safer conception method when associated with frequent 
communication and home visits by health-care providers [ 84 ]. 
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 The routine use of vaginal self-insemination as a safe method of 
conception in HIV-discordant couples for female positivity is of 
significant public health importance because it is expected to 
reduce the likelihood of riskier sexual practices (the inconsistent 
use of male condoms) for childbearing and decrease the incidence 
of HIV in low-income countries. Systematic research is needed to 
establish pregnancy rates and outcomes. 

 For couples in which the man or both partners are positive, the 
only feasible option is careful, informed natural conception [ 85 ]. 
Timed, limited, unprotected sex for HIV- seroconcordant couples 
should form part of a harm-reduction strategy to reduce exposure 
to HIV when planning conception in resource-limited settings. 

 With regard to HIV-serodiscordant couples with male infec-
tion, the use of periconception pre-exposure prophylaxis (PrEP) 
for the seronegative female partner during timed and limited inter-
course is an important method of safer conception. A recent study 
found strong evidence of the cost- effectiveness of PrEP in South 
African women, with a reduced mean lifetime risk of HIV from 
40 to 27 % [ 86 ]. 

 In conclusion, permitting HIV-affected couples safer childbear-
ing is crucial in decreasing both mother-to-child HIV transmission 
and the infection of seronegative partners. 

 Further research is needed to establish the awareness, under-
standing and acceptability of low-technology, safer conception 
strategies among people with HIV infection.   

    Conclusion 

 In developing countries infertility represents a significant problem, 
and women bear the major burden of this devastating social, medi-
cal and economic condition. Developing countries are also afflicted 
by high rates of HIV infection, with the majority of those affected 
by HIV living in countries where reproductive technologies for 
safer conception are not easily accessible. 

 The diffusion of affordable, effective and safe ARTs in this set-
ting is possible and should be implemented to assist infertile cou-
ples and to permit HIV-affected couples safer childbearing, 
decreasing both vertical and horizontal HIV transmission.     
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