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“With the lids off”



Foreword

Original ideas and observations are rare. They are especially valuable if checked
in practice, critically evaluated and supported by material independently col-
lected by others.

It is to the very personal credit of Dr. P.A. J. Holst that he noticed a potential
connection between the keeping of birds and the occurrence of lung cancer
among members of households where they are kept. He has pursued the idea
in his private practice and for over 12 years kept records of every single patient.
The data were critically and statistically analysed and supplemented by data and
materials collected by lung specialists.

Research in cancer, especially in lung cancer in humans, has involved a large
input of science and has contributed considerably to knowledge of the many
factors involved.

A new aspect is presented in this book. Avian products, spread in the house
in the form of fine dust particles, may be inhaled deeply, cause irritation and
contribute to local immune responses in the lungs. It is hypothesized that this
sequence of events is independent of other factors and significantly contributes
to lung cancer and some other diseases.

It is a pleasure to work with a gifted man who is fascinated by many aspects
of human well-being. The author is well aware of the importance of contact
between mankind and nature. Living creatures such as dogs, cats, pet and aviary
birds play a major role in human well-being. The keeping of birds may, however,
as may many other activities, also bring certain health risks. Holst analyses the
habits of bird keepers and the consequences of bird keeping on the health of
residents of houses where birds are kept. He also suggests measures that may
be taken to prevent diseases associated with bird keeping.

This book is a condensed presentation of an important scientific work
contributing significantly to the health and well-being of mankind.

Professor P. Zwart DVM, Ph.D.
University cf Utrecht
The Netherlands



Preface

The main purpose of this book is to present and discuss a number of pieces of
evidence suggesting that keeping pet birds is a strong risk factor for lung cancer.
The opportunity is taken to give the reader more detailed information about
those diseases that can be transmitted from birds to humans — a fairly unknown
field in general medicine. Bird keeping is becoming an increasingly popular
pastime. However, it is a source of airborne particles that can cause allergic
diseases in human, and there are a variety of infectious diseases of pet birds that
are known or suspected to be transmitted to human. Environmental tobacco
smoke is not the only visible air pollutant. One can see polluted indoor air in
the residential homes of non-smokers who keep birds, particularly on a sunny
day, because of the scattering of light by fine dust particles. There is often less
ventilation in homes with caged pets out of concern for the budgerigar or
hamster getting cold. The air can thus be more humid containing more allergens
and dust particles. In the early 1970s, I began to be aware that individuals who
keep birds as pets tend to have a higher incidence of colds, sore throats,
shortness of breath, and coughs and flu-like symptoms than people in house-
holds without birds. Furthermore, there also seems to be a disproportionately
large number of bird keepers among patients with lung cancer. This was the
motive for a general practice survey which I conducted over many years (Holst
1984). This survey looked at the relationship of bird keeping not only to lung
cancer but also to death before age 60, and the incidence of other cancers and
of a number of other endpoints, including spontaneous abortion. Subsequently,
two further studies were carried out: a case-control study of bird keeping and
lung cancer (Holst et al. 1988), and a dust measurement study. Some other
evidence, based on inter-regional comparisons, is also presented.

The book closes with a number of relevant issues resulting from this
research. Budgerigars produce the finest dust particles of all pet birds and
keeping and breeding them probably leads to the most problems with indoor
air. The strongest association was found between the non-epidermoid type of
lung tumours and keeping budgerigars. A possible mechanism by which pollu-
tion from birds might lead to lung tumour development is put forward. The
importance of bird keeping as a cause of lung cancer relative to other known
causes such as smoking and radon is considered, and some recommendations
for future research are given.

Peter A.J. Holst
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1 All About Pet Birds

1.1 Bird Keeping as an Increasingly Popular Pastime

1.1.1 Reasons for Keeping Pet Birds

In the nineteenth century, many species of tropical birds began arriving in Europe
in large numbers as a result of the growth of shipping lines and the related increase
in overseas commerce. Also the growth of periodicals late in the last century
became a medium that encouraged communication among interested bird lovers
and breeders, which in turn contributed to the growth of this hobby. The increasing
number of people interested in this hobby encouraged trade in birds, which could
then be sold at lower prices. Even those with more modest means could devote
themselves to bird keeping, something that had previously been the privilege of
the affluent. The canary was the bird of choice for the less affluent. Bird associa-
tions began to appear at the end of the nineteenth century. Such associations arose
as special interest sections of poultry associations, but later became independent.
Public shows, which were held several times a year in many European countries,
made the hobby increasingly popular. Air cargo has made the importation of large
numbers of exotic birds possible.

The urbanization and popularization of these birds have had a major impact
on indoor air environments during the present century. Living quarters in many
large cities are for the most part not adequate for keeping and caring for dogs and
cats. Aquariums and terrariums can, if properly maintained, be very attractive, but
they do not afford the same sense of contentment to the inhabitants of the home
as do pet birds. Birds appear to be easy to care for, are no bother because they are
kept in cages, and do not require any great expense. It is easy to have the birds
taken care of during weekends away or longer vacations. The entire life cycle of
the bird plays itself out before the keeper’s eyes in cages and aviaries. The mating
rituals and the caring for and feeding of the young are always fascinating to watch.
Their song makes the home a little less empty and quiet. The bird’s attention to
all its keeper does, its total dependency on the keeper, and its singing when its
owner arrives home are all good for the keeper’s ego. There is a misconception
that those who live alone, or who have just recently started to live alone, are the
ones most likely to get a pet to relieve their loneliness. In fact, these people often
get rid of their household animals after the last child leaves home. It is, above all,
young families that bring in household animals for their children.
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Because they are cut off from nature, city dwellers are, in general, insuffi-
ciently informed about and have little experience of animals and the problems that
can arise as a result of keeping them. Many millions of tropical birds are imported
and sold every year, but unfortunately a very high percentage of them die as a
result of improper care and rough handling. There was a time when it was popular
for schools to keep animals for purposes of education. The idea was to familiarize
city-dwelling children with animals, and many young, enthusiastic teachers tried,
in this way, to compensate for the poor emotional support that neglected children
received at home. Complaints, allergies, odours and distracting noises were
dismissed as being exaggerated. It turned out, though, that the animals suffered at
the hands of the children, and there were problems with care of the animals during
weekends and school vacations. Animals were often given their entire food ration
for the weekend on Friday afternoon. If they ate it all by Friday evening, their
feeding pattern would be disrupted and they would go hungry until Monday. A
song-bird could not survive until then. “Children’s zoos” have proved to be better
for promoting healthy contact between children and animals (Bosch van Drake-
stein 1984; Griffioen 1979).

With the above historical perspective as background, it is now easier to answer
the question as to why people keep birds and breed them with such fervour. Some
of the motives for bird keeping are as follows:

— As a source of “farm fresh” eggs for consumption or sale

— For a sense of contentment, as a living room attraction

— As a bedroom attraction, as “love-birds”

— As companionship for children for educational purposes

— Out of laziness, instead of another kind of pet

— As an object of attention; to boost the ego of its owner; to learn a skill

— As a collector’s item; to show off and be seen at shows '

— For breeding (and then to give away the offspring as wedding, birthday, or
Christmas gifts)

— For gambling in competitions (carrier pigeons), as decoys

— For their beauty, their song, their ability to imitate

Between 75% and 80% of human sensory perception is visual. Birds also have
primarily visual contact with their surroundings. The image that the bird forms of
its environment is closer to that formed by humans than that formed by other pet
animals. Dogs, the most loyal of all pets for many people, rely more on their sense
of smell, and their perception of their surroundings is correspondingly much
different from that of their owners. Dogs and cats make only rough distinctions
between colours. Birds, on the other hand, can distinguish colours very well
(Kronberger 1978).
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1.1.2 Number of Pet Animals in the Netherlands in 1984

On 1 January 1984, there were about 5.2 million households in the Netherlands
containing 7.1 million men and 7.2 million women. Household birds are the most
popular pets in the Netherlands, being kept in one out of every three to four
households. The bird is the most common pet animal in both young and old
households, with dogs next most popular, followed by cats. Rodents are the least
popular as pet animals. Careful estimates have been made of the number of
household animals in the Netherlands. Figures for the numbers of pets kept of
various types in 1984 are shown in Table 1.1.

Table 1.1. Number of pet animals in the Netherlands in 1984

Type of pet Numbers in 1984
(thousands)
Dogs 1800
Cats 1500
Horses, ponies 30
Household birds
pigeons 3000
canaries 1600
aviary birds 1500
budgerigars 900
show poultry 500
parrots 100
cockatoos 10
total 7610
Rodents
rabbits 600
guinea pigs 300
hamsters, rats, mice 50
total 950

1.1.3 Bird Breeders in the Netherlands in 1984

The number of organized bird breeders in the Netherlands has grown dramatically
during this century (Robiller 1981). Figures supplied by the Netherlands Society
of Bird Lovers (NBvV), the largest organization of bird lovers in the Netherlands,
clearly show this (Table 1.2).

The NBvV was formed by the merger of three older groups and holds its
annual show in Breda. In 1980, the NBvV sold 1 750 000 leg identification bands,
and 25 743 persons showed 236 828 birds at various shows. There are in total 662
local chapters in 580 locations, indicating that some locations have more than one
chapter. In the Hague alone there are eight chapters. The NBvV is an umbrella
organization with some 47 000 members in 1980-1982. An average of 380 birds
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Table 1.2. Growth of the Netherlands Society of Bird Lovers (NBvV)

Year Chapters Members®
1940 29 1400
1950 38 4500
1960 293 15 300
1965 467 28 494
1970 626 39863
1974 649 40724
1977 655 44 180
1980 655 46 500
1982 662° 47 000
1984 662° 45 800
1985 662 42 500
*10% female.

%n 580 locations.

8 in the Hague.

were shown at each show, with a participation rate of 56% of the membership.
Approximately 40% of the membership breed birds, but do not show them. The
NBvVV sponsors some 600 shows annually throughout the country. Subdivision of

the 236 828 show birds by species is shown in Table 1.3.

The NBvV membership kept a total of 3 million birds in 1985 (Inquiry 1985).
Each member kept an average of 60 birds. Directly after the breeding cycle this
increased to a temporary average of 150 birds, but then declined as the young birds
died or were sold. The average number of birds kept was 1-25 by 35% of the

Table 1.3. Distribution of birds shown by the NBvV in 1980

Family Type of bird Number %
Canary Color canaries 116 046

Song canaries 5921

Form/posture canaries 21314

Total 143 281 60.6
Parakeet Grass parakeets(budgerigars) 15 394

Large parakeets 15393

Love birds 4737

Total 35524 15.0
Tropical birds Tropical birds 26 051

Zebra finches 13 026

Japanese mews 3552

Total 42 629 18.0
Other birds Pigeons/quails 4741

European birds 1180

Hybrids 9473

Total 15 394 6.5




Bird Keeping as an Increasingly Popular Pastime 5

members, 25-50 by 33%, 50-75 by 13%, 75-100 by 9% and 100 to more than 200
birds by 10%. Most of the birds were kept indoors. In 1985, 90% of the members
of the NBvV were males. Of the members, 9% were younger than 20 years old,
12% between 21 and 30 years old, 30% between 31 and 40 years old, 25% between
41 and 50 years old, 19% between 51 and 64 years old and only 5% over 635 years
old. Of the members, 635 were salaried employees, 8% self-employed, 4% stu-
dents, and 25% no longer part of the workforce. Of this latter category, 10% were
retired, 9% on worker’s disability, and 6% unemployed. These inquiry results are
consistent with my own observations made during the period 1972-1981 in my
general practice (see Chap. 2) in that primarily young families kept household
birds and that more men were involved with this hobby. Maesen (1972) also
reported that homing pigeons were primarily a sport of adult males.

The General Netherlands Society of Bird Keepers (ANBV) in Zutphen is the
oldest organization in the Netherlands. It holds annual competitions in Zutphen.
Of its members 95% also breed indoors. About 10% of the members also belong
to the NBvV.

The General Society of Budgerigar Keepers (ABVP) is located in Doetinchem.
Budgerigar keepers more often breed outdoors than do canary breeders, but they
also keep many budgerigars indoors.

The Netherlands Society of Show Pigeon Keepers (NBS) was founded in
Utrecht in 1923. Its chapters (345) are often organized jointly with rabbit breeders.
Their major show, “Avicultura”, is held annually during the second week of
January in The Hague.

The Netherlands Carrier Pigeon Association (NPO) in Utrecht had 55 000
members in 1982, each keeping an average of 30 carrier pigeons (100 after
breeding). The carrier pigeon breeders are also organized as a Netherlands society
with a large number of local and neighbourhood chapters. The membership owns
a total of some 1-2 million carrier pigeons, depending on the season. The members
frequently buy, sell and trade among themselves and with fans of the sport in
Belgium. There are almost no commercial carrier pigeon dealers, unless a partic-
ular bird dealer happens to be a carrier pigeon keeper himself. Keeping carrier
pigeons has become something of an addiction among enthusiasts. The true keeper
knows each of his birds and spends most of his free time in the coop. He places
bets on the performance of his birds and can win back his investment many times
over if his bird finishes first. There is a very well developed system of leg bands
and stop clocks. In addition to the above-mentioned societies and associations,
there are several others with only a few hundred members each, as for example
the Finch Club, the Southern Netherlands Society, and the General Posture Canary
Union in Tilburg. Every self-respecting local club of canary breeders holds a show
of the birds bred once or twice a year. The shows are usually held in school
gymnasiums during school vacations, especially during the autumn break. The
large shows are usually held in January. The distribution of the number of
organized bird breeders in the provinces, according to the administration of the
various bird clubs, is shown in Table 1.4. In my general practice, the ratio of bird
breeders among the total number of bird keepers was 1:6. No more than half of



6  All About Pet Birds

Table 1.4. Organized bird breeders in 1984 per province

Province Male Number of members in the different bird leagues

pop* Total NBvV ANBV ABvVP NBS NPO
North Brabant 1054281 23009 10000 700 160 427 11722
South Holland 1539994 15612 7 000 400 370 462 7 380
Gelderland 859840 14638 ° 6000 1150 410 454 6 624
Limburg 540669 12426 2500 1600 175 174 7977
Overijssel 519800 10096 4600 1150 430 397 3519
North Holland 1132305 8973 4200 600 120 363 3 690
Utrecht 454452 6966 2 800 200 170 196 3 600
Friesland 296902 5223 2 200 250 165 320 2288
Zeeland 176 736 5046 2 000 100 30 83 2833
Groningen 278747 4952 2 400 250 135 167 2 000
Drenthe 213472 3726 2100 100 130 191 1205
Netherlands 7067198 110667 45800 6500 2295 3234 52838

*Male population as at 1.1.84.

the number of bird breeders in my practice were members of a bird league. The
degree of organization of the major bird breeders in the Netherlands is high in
relation to participation in breeding competitions. Many of the households that
have only briefly attempted breeding, often with one or two (partial) failed
breeding trials, do not belong to bird clubs.

1.1.4 Hygiene Among Bird Keepers

The general increase in health standards during this century is the result of
technical advances and better housing. Our nineteenth century ancestars fought a
daily battle with vermin and dust in their homes. Bed bugs, lice, cockroaches, and
various kinds of household mites that infected flour, cheese, and sugar all fared
well in those days. It was the vacuum cleaner that changed all this. Around 1910,
the well-off began to have their homes vacuumed. The vacuum machine stood
outside in the street and long hoses were brought in through the front door. A
vacuum cleaner was a luxury item before 1940, and certainly not a mass produced
consumer item. Dust was removed by sprinkling tea leaves or wet saw dust on the
floor and sweeping. Beating rugs and hanging them out to air was also a method
of combatting dust and parasites. The use of vinegar to brighten the colours of
clothing probably also helped in minimizing parasites. Mass production of vacuum
cleaners began after World War II, and by 1955, 80% of all households owned one
(Philips 1984, personal communication). The amount of dust sharply decreased as
a result. General welfare in the Netherlands improved so much in the 1960s and
the 1970s that most of the damp homes built in pre-war years, housing some
three-quarters of the population, were replaced by new dwellings. These homes
were better constructed and kept out more dust and moisture. While houses used
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to be furnished and decorated with materials made from organic products, such as
jute, wool, feathers, down, horse hair, kapok, cotton, rush mats, and other fibrous
materials, less expensive synthetic materials, which produce less dust, are now
increasingly replacing these. Wooden floors covered by reed mats, which were
dust nests, and dust-producing coal furnaces have been replaced by concrete floors
and central heating. Better foundations and building materials result in drier
homes, thus making it more difficult for parasites to survive. Improved plumbing,
99% of which is now connected to municipal sewer systems, the use of toilet paper,
routine hand washing, and the use of washing machines have all contributed to
general improvements in personal hygiene. Sewage treatment plants, drinking
water purification, and hygienic production of sterile foods (pasteurisation since
1870), have drastically reduced infectious diseases in the population and have
greatly reduced childhood mortality. Refrigeration and improved methods of food
packaging have left us with only a faint indication of the fauna that our grandpar-
ents had to contend with. Mass production of refrigerators began later than that of
the vacuum cleaner. In 1965, only 48% of the market had been penetrated,
increasing to 87% in 1970. In 1984, this percentage had further increased to 107%,
indicating that some households had more than one appliance (Philips 1984,
personal communication). The general use of refrigerators and the consumption
of more green vegetables and frozen products has practically eliminated the need
for canned or pickled food or to keep fat preserves at home. It is not out of the
question that these inventions, resulting in the consumption of more germ-free
foods and the eating of less salt and animal fats, have contributed to the decline in
the frequency of cardiovascular disease. All of these changes have combined over
the past 100 years to greatly increase the average life expectancy. In The Hague,
the average age of death for men and women has increased by 50 years in one
century. The reduction in childhood mortality is one of the most important reasons
for this. In summary, the most important advances during the past 100 years have
been, in chronological order:

1. Sewage treatment

2. Drinking water purification
3. Food hygiene

4. Hand hygiene

5. Air hygiene

Much remains to be done about the quality of both open and indoor air. The
combination of chemical exhaust gases from industry and traffic and the over-produc-
tion of fertilizer and ammonia from intensive cattle and chicken farming have had an
increasingly destructive effect on the natural order in the environment.

The combination of chemical pollution (dust and gaseous particles of tobacco
smoke) and biological pollution (keratin microfibrils, allergens, microbes and
ammonia) is common in the indoor environment of bird keepers. Increased
insulation of residences only makes the living conditions of the bird keepers worse.

The change in the morbidity patterns of people who keep birds as pets in their
residence, as found in this study, cannot be explained by the unsanitary living
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conditions of bird keepers — they have also benefited from the general hygienic
improvements just described. Rather it is the specific consequence of long-term
exposure to bioaerosols produced by the suboptimal conditions under which the
caged birds are kept. In my experience as a family physician I observed that, even
in homes of people with a very high degree of personal hygiene, the presence of
caged birds produced a totally different indoor climate. Temperature, degree of
humidity and dust content were all higher. Airway conditions are more common
among bird keepers, and they have become accustomed to frequent colds, sore
throats, shortness of breath and flu-like symptoms.

There are various social reasons for the growth of keeping birds as pets. In the
first instance, owning a pet bird in an urban environment does not create the
difficulties associated with keeping a dog or cat in such surroundings. People
appreciate owing a pet that is easy to look after and which provides a responsive
companion in their lives. It is not a coincidence that members of the parrot family,
including the budgerigar, are most highly valued by the pet seeker. These birds
can become true companions. They have tractable natures and can mimic the
human voice and other sounds with accuracy. Contact with a tame bird also
appears to have a beneficial effect on stress and in many cases may lead to a
detectable fall in blood pressure. These beneficial effects on health, both mental
and physical, have to be weighed against the possible health risks from long term
exposure, as found in our study. In this respect probably parrots, budgerigars and
cockatoos most influence the indoor air quality. Feather dust may prove a direct
source of discomfort to bird keepers, typically causing a tight-chested feeling.

1.2 Birds as a Source of Pollution

1.2.1 Introduction

“Caged and aviary birds are bothered by the dust particles they inhale. That’s why
the ball is in your court. An electronic air purifier can solve these problems”. Such
is the text of a widely circulated advertisement in bird fanciers’ magazines. A
device to clean the air of particles that can be inhaled is supposed to improve the
condition of the show specimens and also benefit those who care for them. Not
only those who care for them but also the birds themselves are exposed to too much
dust.

This dust problem has long been recognized, but there is no simple solution.
Dust particles suspended in indoor air spread throughout the entire house. The fine
dust on the floor floats when disturbed by someone walking across it. When
vacuum cleaning, particularly using an older model of cleaner, large quantities of
dust are released in the exhaust air. When cleaning cages, aviaries, and fowl coops,
the dust burden is so large and so direct that an electronic air purifier of such small
capacity as the one advertised is of no use whatsoever. Aerosols are formed from
dried bird droppings, cells from the feathers, faeces of bird mites, mould spores



Birds as a Source of Pollution 9

from polluted feed, and horny dust particulates. Some of these particles act as
allergens, and both these and various microorganisms can be inhaled.

Such dust pollution in indoor air results in a higher number of positive ions
in the air. An excess of positive ions increases the blood serotonin level which
produces complaints such as migraine or shortness of breath. Electronic air
purifiers and ionization devices produce a stream of negative ions which lower the
serotonin level in the blood thereby reducing the number of these complaints
(Krueger and Reed 1976). Their action is being studied but they do not clean the
air of all dust particles and have no effect on the symptoms of the sick building
syndrome (Finnigan et al. 1987; Offermann et al. 1983; Turiel 1985). Their
presumed action is to decrease irritability, migraine attacks and complaints of
shortness of breath in persons with allergic reaction to house dust who should keep
far away from an excess of organic dust particles.

Not so long ago, it was thought that respiratory infections were transmitted
by coughing and sneezing fits and that the “spray range” was approximately 1 m.
More recently it has become apparent that contaminated droplets measuring 0.5-3
pum can become airborne and that these droplet foci can transmit infections over
greater distances. In addition, it now appears that respiratory infections can also
be transmitted through suboptimal hand hygiene (Gwaltney 1978). Raising birds
in cages and handling contaminated young in the nest afford all sorts of opportu-
nities for contamination through contact (Dekking 1950). Opportunistic cell par-
asites, such as viruses (e.g. retroviruses) and minute bacteria (e.g. chlamydiae) can
easily multiply within cells under favourable conditions. Infections and transmis-
sion of viruses or chlamydiae occur among humans as well as animals.

The international trade in imported birds is coupled with high mortality and
morbidity in these birds (Belonje 1984; Carter and Currey 1987). In 1975, an
estimated 5.5 million tropical birds were imported by Western Europe, North
America, and Japan. Mortality during air transport was 2%—5%. Of the original
number of birds captured, at least 50% died before export, with up to another 25%
dying after import. The most frequent causes of death were parrot disease (i.e.
psittacosis), various intestinal infections, tuberculosis, and Newcastle disease
(NCD; Belonje 1984). From 1976 several million parrot-like birds were trapped
in the wild for the pet trade of rich countries. Mortality in the pet trade remains
spectacularly high to this day. Post capture mortality prior to export was regularly
around 50%. The wealthy consumer countries of North America and Europe
removed previous health restrictions on the imports of parrot-like birds from 1973
to 1976, thereby increasing demand from poorer exporting states which lack the
resources to control or prevent the trade. From 1976, the incidence of parrot
disease, a dangerous and sometimes fatal disease that humans catch from wild
caught birds, increased proportionally to the rise in imports of parrot-like birds,
due to an unwary public being uninformed of the consequences of the pet trade.
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1.2.2 What Can Go Wrong in Caring for Pet Birds?

The pet bird is fed daily and sheltered from the cold in winter and, in cages and
aviaries, has nothing to fear from traffic or predatory animals. It lives longer than
its counterpart can in nature. Among great titmice in the wild, about 80% die in
the nest and, thus, only 20% survive. The success rate obtained by the conscien-
tious breeder is much higher. The average age of birds kept by a bird breeder is
2-3 years. However, birds are often bred by those with a minimal knowledge of
these matters. The bird can easily fall victim to many deficiency diseases because
it is no longer free to select its own food. In its predetermined quarters, it falls prey
to many infectious diseases as well.

Polluted Drinking Water. When drinking, birds wet the food in their beaks and
crops, some of which can find its way into the water container, where decay and
incubation may occur. If there are diseased birds in the aviary, they can infect
others via the drinking water. As a result of many ornithoses, pigeons, parrots,
budgerigars and other sorts of birds can have watery eyes, infected eyelids, and
nasal discharge, which can readily infect other birds. Since open containers are
used, drinking water that is not changed every day becomes polluted with faeces.
Fouling of the water occurs every few minutes.

Fouled Bath Water. Birds instinctively follow their own hygiene regimens and
enjoy bathing. As they bathe, the water becomes polluted by faeces that have stuck
to the perianal feathers, which then find their way into the drinking water contain-
ers. For caged birds and birds in aviaries, it is disastrous for the bathwater to be
the daily drinking water.

Deficient Food. Because they are caged, pet birds miss the opportunity to select
their own food. They must eat what is provided and this may result in deficiencies.
In nature, birds instinctively search from morning to night for the food they need
for growth and energy. During the nesting period they are under enormous pressure
to catch insects and bring them to their young. In the brooding period, when the
young are growing, birds require more protein than in the winter when they are in
a rest period. While still young, the chicks require more protein than older birds.
During the autumn moulting season, when the birds begin to grow a new winter
coat, the birds also need extra protein as a basic building block. When breeding
canaries and budgerigars, the composition of the food is extremely important. At
many times, birds require extra protein and it must be animal protein. If they do
not get enough animal protein they become deficient in certain essential amino
acids (e.g. lysine).

Contaminated Food. Particularly in countries where a maritime climate prevails,
the increased humidity of the air, particularly on warmer days, can cause the seeds
to decay. Moulds can form in seeds with more than 17% moisture. In cases of
improper storage, meal mites can also be found in the feed.
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Dust Production. Budgerigars and parrots produce an ultrafine, powdery dust
consisting of keratin particles, which remains suspended in the air when a
bioaerosal is formed. Dropping from budgerigars and canaries are much drier than
pigeon droppings. The dust in bird cages is often contaminated with microbes and
contains serum proteins secreted into the gut of the birds and antigens from feather
mites. Many members of the parrot family and pigeons are contaminated with
chlamydiae and can be life-long carriers. Chlamydiae are indifferent to drying and
low temperature. The dust can remain contaminated for a long time (Von
Sprockhoff 1980).

Bird Droppings. In many cases, the bird cage or aviary is cleaned of bird drop-
pings and seed remnants no more than twice a week. This is not enough. Birds
produce a large quantity of droppings every day and, by weight, half consists of
microbes that can cause infections in both birds and their owners (Bourne 1975;
Gerlach 1977; Graham and Graham 1978; Staib 1984). Infections can spread
rapidly through a group of birds. Feed and water containers should be cleaned
daily. The sand strewn on the bottom of the cage or aviary should be changed more
often than is the custom.

Cages That Are Too Small. Sufficient space is necessary to maintain the physical
conditions and to limit conflicts among underlings. Birds that do not have a large
cage should be allowed to fly around the room for 1 or 2 h a day. For a parrot, the
largest cage that can be purchased is too small for the bird to be able to expand its
wings without striking the bars.

Ectoparasites. Failure to use measures to control external parasites such as lice
and mites can have serious consequences. Aviaries attract large quantities of lice,
mites, ticks, mosquitoes, flies and mice, all of which can carry disease (Eddie
1962; Sexton 1975). Roundworms occur in Australian budgerigars, and tape-
worms sometimes occur in parrots.

Fouled Breeding Facilities. Indoor aviaries should particularly be regulated and
maintained with knowledge and care. In particular, breeding cages should be clean
in order to prevent parasites, since ectoparasites are responsible for many unsuc-
cessful attempts at breeding. During the breeding season, brood boxes are scarcely
cleaned. Afterwards they should always be removed and disinfected, i.e.
white washed. Air in the breeding cages that is too dry may make it difficult or
impossible for birds to emerge from the egg. A relative humidity of 65% is ideal;
at lower temperatures this can be maintained by adding moisture to the air. In
keeping older birds, on the other hand, drier air is desirable to prevent damp spots
that encourage mould spores and mites. A constant temperature of at least 17°C is
required for a good breeding season. For this reason indoor aviaries are often
heated overnight. Particularly indoors, many unsuccessful breeding experiments
occur because of lack of space, lack of daylight, and inadequate ventilation. Many
breeders attempt to breed during shorter rather than longer periods, often with lack
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of success. There is high mortality among young birds, since the danger of
infection is great in this group and the transmission of viruses can occur quite
easily. Immediately following hatching, many birds are sold, some of which will
certainly be diseased.

Developing Resistance to Antibiotics. The indiscriminate use of antibiotics by
dealers and bird fanciers poses a special risk. Antibiotics may be given inappro-
priately in low concentrations, with a resultant high percentage of resistance
(80%—-100%). Most popular small caged pets, i.e., birds and rodents, are seldom
taken to the veterinarian, the owner generally preferring to experiment with
antibiotics such as sulfa drugs and tetracycline which are available without
restriction.

Trade and Transport of Birds. Customary bird-keeping practices involve much
contagion. Current quarantine regulations are inadequate, contaminated birds
being sold daily to the public by traders and hobbyists (Gerlach 1977; Graham and
Graham 1978; Hirai et al. 1979, 1983; Panigraphy et al. 1979; Schachter et al.
1978; Schwartz and Fraser 1982; Yamashita and Hirai 1981). Shows provide
opportunities for contaminated contact as, frequently, the exhibition room is too
small and insufficiently ventilated. Contagion is also spread because bird fanciers,
out of their love of collecting birds, show a large number of birds, trade them with
one another, or sell them. Whenever pigeons are kept with other birds, Chlamydia
psittaci infection is likely. In transporting for trade, or in the day trips that carrier
pigeons make many times a year to Belgium, France, Spain, or England, the birds
are sent in very large baskets, where there is ample opportunity for widespread
dissemination of contaminated faeces. The risk of contamination is further mag-
nified because a large percentage of the birds consists of yearlings, which are
healthy from the standpoint of selection, but most capable of becoming infected,
and, when infected, of excreting the most chlamydiae. Apart from Chlamydia
psittaci and other bacteria, viruses can also be transmitted via formation of
aerosols from dried faeces, contaminated cells from feather follicles, or contami-
nated food remnants. Keymer (1972) studied 345 birds post mortem and found
ornithosis in 6.1% and Yersinia pseudotuberculosis in 2.9%. Cultures of the
contents of the gut and histological study of the stomach organs were not readily
feasible, due to the somewhat advanced stage of decomposition. He estimated the
actual percentage of contaminated birds was higher. Salmonella infections were
found in 1.4%, and Mycobacterium avium in 1.2% of the studied birds.

Herman (1982) warns against the risk of contamination with arboviruses.
Birds can also be carriers of disease-bearing insects and together the birds and
these insects act as hosts to the arboviruses that cause encephalitis, many epi-
demics of which occur in summer and autumn in the United States.
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Preventive Measures Against Infectious and Allergic Diseases

1. All trade in birds for the pet trade should be limited to captive bred specimens.
Pet shops and aviaries where birds linked to cases of disease were obtained should
undergo veterinary surveillance.

3. There should be obligatory case reporting of parrot disease and salmonella
infection.

4. The source of any infection should be investigated. Suspect birds should be killed.
Dead birds should be placed in a box with some ice-bags (definitely not in an
envelope!). They should be shipped in a plastic bag to the nearest competent
laboratory for necropsy and microbiological assessment.

5. Exposure of noninfected birds to potentially infected birds, or birds of unknown
history, should be prevented.

6. Closed drinking water supplies for the birds should be used, with feeders in
proportion to the daily intake by the birds.

7. Cages should be cleaned daily and the cage, aviary and the living room properly
ventilated.

1.2.3 Contribution of Pet Birds to Biological Pollution

A canary weighs barely 18 g on average and consumes approximately 3.6 g of seed
and 5.2 ml of water per day. A grass parakeet (budgerigar) weighs an average of
40 g; it eats approximately 6 g of seed and drinks 1-3 ml of water daily. A
grey-and-red tail parrot weighs an average of 450 g, eats approximately 35 g of
seed per day, in addition to 40 g of fruit and greens, and drinks approximately 20
ml of water daily. Birds have a high metabolic rate for their low weight. Per
kilogram of body weight, the daily consumption of 200 g of food and 288 ml of
water by a canary would be equivalent to 12 kg of food and 17 1 of water per day
for a human weighing 60 kg.

Pet birds and the insides of their cages spread more allergens and microor-
ganisms (bacteria, moulds, and viruses) that can be inhaled inside a house than do
either a cat or a dog.

Mould Spores, Bacteria, and Viruses. Bird droppings, after they have dried and
during the cleaning of cages and aviaries, can disintegrate into extremely fine dust
(Jones et al. 1984). Droppings from budgerigars and canaries are much drier than
pigeon droppings (Blackmore 1965).

Microorganisms make up approximately half of the droppings. After drying,
the bird droppings are spread as dust particles that can be contaminated, for
example, with Aspergillus fumigatus spores (3—4 um), Cryptococcus neoformans
spores (2-3 pum; Staib 1984), Chlamydia psittaci (0.3 um), Mycoplasma pneu-
moniae, Escherichia coli and Salmonella typhimurium (Wagenaar-Schaafsma et
al. 1980). Since bird cages are usually kept high up in the room (125 cm), they are
at our breathing level and the movements by the bird produce air currents. Food
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remnants found on the cage floor are also generally contaminated. The bird
ectoparasites that transmit diseases such as flies, ticks, and mosquitos can infect
humans with viruses, as has been demonstrated for arboviruses. Humans can also
be contaminated with Newcastle disease virus after inhaling the dust particles.

Faecal Particles from Bird Mites. Bird have mites and other ectoparasites. Faecal
particles from the feather mites Falculifer rostratus and Cnemidicoptus laevis, the
bloodsucking mites Dermanyssus gallinae, and the house mites Pyrogliphidae
disintegrate into ultrafine dust particles and produce a very potent allergen that
can be inhaled.

Keratin Microfibrils from the Feathers and Horny Scales from the Skin. The finest
branches of a feather consist of hard keratin microfibrils (Brush 1978), which, in
turn, consist of protein. Since feathers are quite durable, horny scales from the skin
of canaries come loose more readily than the keratin microfibrils from the feathers.
On the other hand budgerigars and parrots readily produce a powdery substance
that consists of bundled keratin microfibrils with the smallest diameter of 1 um
(Marks 1984). Specialized feathers that are growing and being pulverized con-
stantly provide the keratin that is distributed all over the bird as the feathers are
preened, this keratin serving as a waterproofing for the feathers. The outer feathers
of a healthy parrot have a matt surface. Pigeons have a so-called powder down and
powder their feathers. '

Inhaled Allergens. Keratin proteins, organic components of bird droppings, throat
and nasal discharge, and anal gland products all provide allergens.

Table 1.5 summarizes the best known pollutants in indoor air. Particles smaller
than 10 pm can remain suspended in air for long periods of time (suspended
particulate matter). In humans, the nasopharynx cleans inhaled air of particles
greater than 5 pm. Particles between 1 and 5 pm sediment to a large extent in the
bronchi. Particles smaller than 1 m reach the alveoli, most of which are exhaled.
Particles between 1 and 10 um are generally harmful to the small bronchi. Particles
smaller than 3.5 pm are considered the respirable fraction, which is that part of the
inhaled fraction that can penetrate to the minute air sacs.

Most of the types of suspended particulate matter in this table have fibrosing
properties. Smoking in enclosed spaces, like bird keeping, increases the concen-
tration of particulates. The health standard of particulates (0.26 mg/m3 air) is based
on preventing adverse health effects from exposure to particulates found in outside
air. Peak values for three smokers in a room and for the presence of more birds in
one living room are 0.5 mg/m3 air and 0.48 mg/m3 air, respectively. Dust partic-
ulates from bird cages and tobacco smoke are potentially more harmful than the
particulates found in outdoor air (i.e. pollen grains, ash, soot, and soil).
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Table 1.5. Sizes and indoor air quality standards of some airborne particulates

Particle size Smallest Health
(largest diameter) diameter  standard®

Airborne particulates [um] [um]  [mg/m? air]

Wool fibres 500 100

Synthetic fibres 500 100

Paper dust 300 20

Cotton fibres (cellulose) 500 15

Pollen grains 60 12

Coal dust 400 10

Blue, brown asbestos (Hammond et al. 1979) 2 <0.1

White asbestos (chrysotile) 0.02 <0.1

Quartz 10 0.5 0.15

Fibre glass 25 6

Rock wool, slag wool, glass wool 9 4

Carbon black 30 5

Suspended particulate matter (SPM) 10 0.0006 0.26

SPM from bird cages (Jones 1984, van der 10 0.5 0.26
Wal and van de Belt 1985)

Most household dust on floor 1000 10

Cigarette smoke : mainstream 1 0.1

(Hoffmann et al. 1984) : sidestream ) 0.1 0.01

Hygroscopic cigarette smoke particles® 3 2

Three smokers in a room 3 0.01 0.26

Inhaled allergens in indoor air (Reed 1984) 10 0.5 0.1

Inhaled allergens from house dust mites 14 0.5 0.1
and cats®

Bacteria, spores, viruses 0.1

Aspergillus fumigatus spores 3 2 0.1

Cryptococcus neoformans sporesd 3 2 0.1

Most mould spores 5 1 0.1

Droplet foci (Riley 1959) 3 0.5

Thermophilic actinomycete spores 0.5 0.1

Legionella pneumophilia bacteria 5 0.4 0.1

Chlamydia psittaci extracellular 0.3 0.1

Bacteria 50 0.1 0.1

Viruses 0.8 0.01 0.1

*Daily average.

bAfter remaining in the airways for 2-3 s (Davies 1974).
“Approximately 50% of particles (Reed 1984).

From pigeon droppings (Staib 1984).

Preventive Measures Against Inhaled Particles

1. Ventilation standards of pet shops and pet birds’ exhibition rooms should be
surveyed.

2. Smoking should be prohibited if these standards are insufficient.

Birds As a Source of Respiratory and Intestinal Infections and Allergic Diseases
in Humans. In households where birds are kept, and in occupations such as the
pet bird trade and the poultry industry with exposure to bird products, infections
occur as the result of diminished indoor air and hand hygiene (Altamura 1982;



16 All About Pet Birds

Andrews et al. 1981). Infectious diseases can develop in humans from con-
tamination with microbes which invade tissue via inhalation, ingestion, from the
hands, or through wounds in the skin.

Inhalation of Pathogenic Organisms. Tropical birds bring the greatest risk of
infection to humans. Contamination usually occurs from inhalation of an infec-
tious aerosol (Willems et al. 1986). Air circulation helps to prevent a build-up of
contaminated air. Parrot disease tends to be observed particularly in the winter,
when there is more contact between a bird and its owner indoors, the rate of air
circulation is lower (as low as 0.15 m/s), the dust content in the air is higher due
to the low relative humidity of the air, and both birds and humans are exposed to
greater fluctuations of temperature. Over many years, bird keepers inhale more
dust particles, allergens, and microorganisms than those who do not keep birds.
When there is less nasal breathing as a result of chronic allergic inflammation of
the mucous membrane of the nose, less effective air purification takes place. While
it is certainly true that bird keepers exhibit variable immunity (McSharry et al.
1983), in the long run, the clearance of their minute air sacs becomes diminished
leading to congestion of the small bronchi, intracellular infections from slightly
virulent microbes and a further overburdening of the cellular defences. In the
minute air sacs in particular, the macrophages (scavenger cells) bear the bulk of
the defensive burden.

Many lung macrophages are destroyed by the microbes and allergens they
engulf, causing local granulomatous reactions and thickening and stiffening of the
lining of the air sacs of the lungs which leads to progressive breathlessness.
Microbes can enter the bloodstream during infections. The valves and the lining
of the heart as well as arteries and veins in various places in the body are injured
the most (Birkhead and Apostolov 1974; Bromage et al. 1980; Carr Locke 1976;
Coll 1967; Darougar et al. 1978; Dick et al. 1977; Hamilton 1975; Jariwalla et al.
1980; Jones et al. 1982b; Kundu and Scott 1979; Laidlow and Mulligan 1975;
Lancet 1980; Levisson et al. 1971; Thomas et al. 1977; Vosti and Roffwarg 1961;
Ward 1974, 1975; Yow et al. 1959). If Chlamydia psittaci enters the bloodstream
for a short, period as a result of a sore throat or pneumonia during the 8th week of
pregnancy it can cause inflammation of the womb, leading to spontaneous abortion
(Beer et al. 1982; Johnson et al. 1985; Page and Smith 1974; Storz et al. 1968a).
A so-called flu in a pregnant bird keeper can thus have serious consequences. More
epidemiological investigations of the scope of these possible complications are
needed (Ward 1978).

Ingestion of Microorganisms. Repeated common colds and bronchitis also affect
the alimentary canals, since nasal mucus and sputum are swallowed with the saliva.
An empty stomach contains very few bacteria because of the bacteria-killing and
growth-inhibiting effect of substances in gastric juice. Only spores, acid-resistant
bacteria (tubercle bacilli), and acid-tolerant lactobacilli can withstand the low pH.
When driking fluids this defensive factor is by-passed and at meals the pH of the
food mixture is insufficiently lowered so that parasites can pass through the
stomach. Small amounts of virulent bacteria, such as Salmonella typhimurium, in
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the food can quickly lead to enteritis. Greater amounts of virulent bacteria or
viruses are known to pass the stomach barrier upon repeated ingestion, overcome
the colonization resistance and immune secretory system of the intestines, and
thus cause enteritis.

Less virulent bacteria, chlamydiae, or viruses lead to less severe types of
enteritis, and are much more difficult, if at all possible, to culture from faeces.

Inadequate Hand Hygiene. After handling birds or their cages, the bird keeper
should always wash his hands, not only prior to eating or preparing a meal. Pigeon
fanciers and breeders of tropical birds spend many evenings near or even in
aviaries, bird rooms, bird cellars, dovecotes, or lofts. It is impossible for them to
maintain good hand hygiene. They do not even wash their hands thoroughly all
the time. This may result in respiratory and intestinal infections. Conjunctivitis in
bird keepers can also be caused by decreased hand hygiene through the reduced
clearance of the conjunctiva by regular microbial overburdening.

Semen, the vagina, and the external genital tract of both men and women can
become contaminated as a result of poor hand hygiene, resulting in an increase of
infections (Bowen et al. 1978; Friberg et al. 1985; Storz et al. 1968b). Urethritis
and prostatitis can result in males and salpingitis in females. Infections ascending
the vagina cause inflammation of the oviducts, resulting in salpingitis and, after
repeated episodes, infertility (Sandler 1989). Contamination of the vagina with
Chlamydia psittaci spores through improper hand hygiene by bird keepers/breed-
ers may cause constriction of the oviducts similar to that caused by Chlamydia
trachomatis (Jones et al. 1982a).

Preventive Measures Against Infections and Allergic Diseases

1. The public should be educated about the danger of household or occupational
exposure to infected pet birds.

2. Birds should not be kept in bedrooms.

3. Absorbent sand in cages should not be used. Birds can live without sand. It is
mainly the sand that can turn a cage into a dustbin since absorbent sand can
quickly become heavily contaminated, because the droppings dry out and are hard
to see.

4. The cage should be cleaned daily.

1.3 Infectious Diseases of Pet Birds That Can Be Transmitted

1.3.1 Introduction

A large number of infectious diseases have been reported to have been transferred
from birds to humans (Fiennes 1978; Herman 1982; Storz 1971). Kronberger
(1969) found that 22.6% of the birds he studied died of diseases contagious both
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to animals and humans. This fact clearly underlines the importance of infectious
diseases that can be transmitted from pet birds to man. These diseases are as
follows:

— Parrot disease (psittacosis)

— Newcastle conjunctivitis

— Inflammation of the stomach and intestine due to Salmonella typhimurium
— Enteritis caused by yersiniae

— Pasteurellosis

— Streptococcus and staphylococcus skin infections
— Erysipeloid

— Mould infections

— Toxoplasmosis

-— Mycoplasma pneumoniae

— Mycobacterium avium

— Arbovirus encephalitis

1.3.2 Parrot Disease (Psittacosis)

Parrot disease is the best studied disease and is caused by Chlamydia psittaci. It
can be particularly dangerous to humans when contamination occurs as a result of
keeping parrots or budgerigars. As has often been observed, more serious forms
of this disease can have both an acute fulminating and a devastating course of
longer duration; both courses end in death. (Bowman et al. 1973; Byrom et al.
1979; Kuritsky et al. 1984).

Disease Manifestations. Parrot disease is an acute generalized infectious disease
with fever, headache and early pneumonic involvement. The diagnostic incidence
in general practice is about 0.5 patients per 1000 per year. Human infections may
be severe, but are most often mild in character and death is rare. The incubation
period is from 4 to 15 days, commonly 10 days. The period of communicability is
primarily during the acute illness, especially when the patient has paroxysmal
coughing. The disease must be reported to the health authorities.

Mode of Transmission. Infection is usually acquired by inhalation of the agent
from desiccated droppings of infected birds in an enclosed space. DeSchrijver
(1987) reported an epidemic of ornithosis affecting people who had attended an
exhibition of 500 birds in a small room in Zwijndrecht, near Antwerp, Belgium.
Of the 1000 visitors, 8% were affected about 2 weeks after their visit. A still higher
percentage (17%) of the exposers acquired the disease. One patient died.

Pet birds are the most frequent source of infectious diseases, although
laboratory infections have also occurred and transmission from person to person
is possible. General diseases of long duration in the form of atypical pneumonia
are common, and even local epidemics in which the disease spreads from one
individual to another have been reported. Often the acute phase of the disease is
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followed by chronic complaints and short periods of recurrence and flu-like
symptoms. Nagington (1984) obtained high titres with complement fixation reac-
tions in 10% of the total population of Cambridgeshire from which he concluded
that infection with Chlamydia psittaci has an endemic character in these areas. The
number of infections by Chlamydia psittaci is much higher than the number of
cases registered by general medical practitioners and clinics.

Immunity. Immunity is slight and of limited duration. Insufficient antibody for-
mation is possibly one explanation for the slight immune response and high
percentage of latent infections (Aitken 1981).

Preventive Measures. In the Netherlands all imported birds of the parrot family
must undergo a mandatory quarantine period of 6 weeks. However, this is related
to the risk of NDV to the fowl (see Sect. 1.3.3) and not to the risk of parrot disease
in humans, since NDV is notifiable. While there are import restrictions for several
species of parrots and budgerigars to avoid utilisation incompatible with their
survival, many other species of parrots and budgerigars are detrimentally affected
by the pet trade. Previous health restrictions on imports of parrot-like birds from
1973 to 1976 have been removed. Although the world pet bird trade is concentrated
in Belgium, the United Kingdom and the Netherlands, there is no surveillance of
pet shops and the public is not educated about the danger of household exposure
to infected birds of the parrot family. Apparently healthy parrots and budgerigars,
also pigeons and other birds may shed the disease agent intermittently throughout
their infection period and sometimes continuously for weeks or months. It is often
the case that infected birds are sold to the public.

Virulence and Latency of the Virus-Like Microorganisms. In culture, cells in-
fected with chlamydiae are easily distinguished since they are swollen by the
enclosed bodies. In the lungs, Chlamydia psittaci may be toxic for, and destroy,
the scavenger cells that ingest them. The chlamydiae remain alive within the
scavenger cells but are not capable of dividing, possibly because during ingestion
the surface receptors are damaged and the capsule can no longer expand. Scaven-
ger cells that are destroyed leave the body with the enclosed chlamydiae mainly
through the intestinal tract.

1.3.3 Newcastle Disease Virus Conjunctivitis

NDV causes a fatal disease in fowl. A variety of gallinaceous species as well as
sparrows, pheasants, pigeons and parrots can be infected by this virus. NDV is a
paramyxovirus and presents a possible risk to breeders and keepers of chickens in
particular.

Disease Manifestations. In humans the infection causes limited acute follicular
conjunctivitis of one eye in most cases or a slight flu lasting one week.
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Mode of Transmission. Contamination in humans arises as a result of direct
contact with the infected birds or the virus can be airborne (particularly when
spraying a vaccine of the virus). The incubation period is 1 or 2 days. Transmission
from person to person is not excluded.

Preventive Measures. Because of the risk of NDV to the fowl in the Netherlands,
all imported birds of the parrot family must undergo a mandatory quarantine period
of 6 weeks. All birds dying during this period are studied for traces of NDV. In
1972, NDV was found in 16% of parrots presented for dissection to the Health
Department’s Fowl Division. Among the parrots that survive quarantine, the
disease probably occurs rarely. Among infected birds, paralysis with an abnormal
position of the head occurs first, followed by bleeding and inflammation of the
intestinal tract, affected lungs and a generally poor condition.

1.3.4 Inflammation of the Stomach and Intestine Due to Salmonella typhimurium

Disease Manifestations. Kaye et al. (1961) described an intestinal infection by
Salmonella typhimurium in a 7-month-old child who crawled on the floor directly
under a caged budgerigar, thus coming into contact with bird droppings. Large
numbers of Salmonella typhimurium organisms were isolated from the
budgerigar’s faeces. The child hat not come into contact with the cage or the
budgerigar itself.

Mode of Transmission. Humans can infect themselves orally with Salmonella
bacteria. Sporadic cases of infection occur from recontamination within the
kitchen after cooking is completed. Members of the parrot family, in particular,
and also canaries appear to be carriers of salmonella. Mortality among these birds
can reach 50% or more. Birds that have survived the acute infection can remain
carriers for a short time or even permanently, and thus provide impetus for new
cases of disease again and again. In most cases Salmonella typhimurium is
propagated.

Preventive Measures. Recognition, control and prevention of salmonella infec-
tions among household pets. Infections among chicks, ducklings and turtle doves
are particularly common.

1.3.5 Enteritis Caused by Yersiniae

Disease Manifestations. (Pseudo) appendicitis with slight fever due to the inva-
sion of the distal small intestine and intestinal lymph nodes is occasionally the
result of intestinal infection by yersiniae.

Mode of Transmission. Humans can contaminate themselves orally with these
organisms from the faeces excreted by affected birds. Infections with Yersinia
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pseudotuberculosis occur regularly in canaries and song-birds. Yersinia has also
been isolated from birds. These infections do not occur frequently in parrots.
Canaries are often kept in aviaries outdoors so that the chance of contamination
through pollution of food on the floor could be greater from mouse facces. The
number of isolated cases is highest in the winter months, perhaps partly because
mice are then more likely to go to aviaries to collect bits of food (Borst et al. 1977).

Preventive Measures. Keep mice out of the aviaries. Wash hands before and after
the handling of birds.

1.3.6 Pasteurellosis

Disease Manifestations. Infection with Pasteurella multocida can lead to local
boil formation in humans and inflammation of lymph nodes. Now and then the
organism can cause mild infections of the airways.

Mode of Transmission. Whenever pigeons or ornamental birds are bitten by a dog
or cat, there is a high risk to the birds of sepsis and death as a result of infection
from these bacteria, which occur as normal oral flora in dogs and cats. If other
birds peck at birds that have died of pasteurellosis this can lead to new outbreaks
of infection in an aviary. )

Preventive Measures. Dead birds should be removed quickly and carefully.

1.3.7 Streptococcus and Staphylococcus Skin Infections

Disease Manifestations. Streptococcus and staphylococcus skin infections can
lead to the formation of boils. These bacteria are not infrequently resistant to
antibiotics if the bird has previously been treated with antibiotics.

Mode of Transmission. The bacteria may be transmitted via the hands. In parrots
and budgerigars these bacteria cause abscessing infections, which, when localized

orally, lead to a risk of transmission if the owner passes food to the bird with his
mouth.

Preventive Measures. Wash hands before and after handling of the birds. It is
unwise to pass food to a bird with the mouth.

1.3.8 Erysipeloid

Disease Manifestations. In humans Erysipelothrix rhusiopathia can cause local
skin infections through small wounds or from pricks with infected needles. The
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fingers in particular become involved, as do the backs of the hands, and the
infection consists of a few itching patches or purple erythematous plaques, which
spread slowly and become white from the centre. There are seldom any generalized
symptoms. Endocarditis can occur eventually if the condition is not treated
properly.

Mode of Transmission. The bacteria may be transmitted via the hands. Infection
of birds with these bacteria is most often sepsis.

Preventive Measures. Washing, especially with small wounds or pricks.

1.3.9 Mould Infections

Disease Manifestations. Aspergillus fumigatus lives and feeds on the dead and
putrefying tissues of animals or plants, as do all moulds and infects patients with
lowered resistance or a previously existing lung condition. Both direct mould
infection and secondary allergic reactions can produce syndromes in humans.
Infection of the central nervous system with Cryptococcus neoformans usually
occurs after the patient has recovered from a recent upper respiratory or lung
infection, but it can also occur as a result of stress or lowered resistance due to a
previously existing focus in the airways.

Mode of Transmission. Inhalation of spores may lead to transmission of the
moulds. Many moulds and yeasts develop optimally in bird droppings; Cryptococ-
cus neoformans is particularly well known as a saprophyte in pigeon faeces, even
when the birds themselves are not sick. In birds Aspergillus fumigatus can cause
widespread effects in the lung. The mere isolation of Aspergillus fumigatus spores
from tracheal smears is not sufficient proof of aspergillosis in a sick bird. The
disease first occurs in birds after massive contamination and in connection with
lowered resistance. In an environment so full of spores that a bird develops
aspergillosis, humans are also at (serious) risk. It is also probable that Candida
albicans infections occur through airborne bird contacts. Since Candida albicans
is normally present in the human intestines, this risk is difficult to evaluate.

Preventive Measures. To achieve optimal conditions for the birds, it is necessary
to remove the bird droppings and to clean the cage daily. Here again, it is mainly
the sand that can turn a cage into a dustbin, so it is advisable to line the bottom of
the cage with non-woven tissues containing disinfectant. Birds can live without
sand. Grit and a cuttle bone can be hung in the cage so that the bird also has easy
access to calcium.
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1.3.10 Toxoplasmosis

Disease Manifestations. Toxoplasmosis is a disease affecting mammals and birds.
Postnatal infections are usually mild and may go undetected. Infections may on
occasion, be acute, with fever or inflammation of lymph nodes persisting for
several days or weeks. Infection in humans is common, but clinical disease
exceptional. Because the mode of transmission of Toxoplasma gondii is unclear,
and because of the possibility of close contact with humans, it is recommended
that all remaining birds in an aviary infected with toxoplasmosis be disposed of.

Mode of Transmission. Toxoplasma gondii is transmitted to humans via under-
cooked meat, contaminated soil, or by direct contact. In birds, toxoplasmosis leads to
the formation of cysts and pseudocysts with foci of infection in the muscles, heart,
liver, lungs, intestinal walls, kidneys and brain. Toxoplasmosis is particularly
prevalent among canaries. Pneumonia is repeatedly widespread, with a great deal
of infection and mortification, and leads to a high death rate in canaries. Tissue
preparations of lung infections have shown that pseudocysts occur freely in the
airways (Zwart 1986, personal communication). The pseudocysts are released with
every sneeze of the bird, and thus the disease can be spread through a group of
canaries. These large scale infections occur particularly when the canaries sit only
10-15 cm from one another. The risk of contamination in the keeper is much lower,
since the keeper is always at least 50-100 cm away from the birds. Subacute
infection of birds occur with eye involvement, such as conjunctivitis, blurred
vision, spots in the anterior eye chamber, inflammation of the iris and finally
blindness.

Preventive Measures. Prevent exposure of previous noninfected canaries to po-
tentially infected canaries. Because of close contact with humans, it is recom-
mended as noted above that all remaining birds in an aviary infected with
toxoplasmosis be disposed of.

1.3.11 Mycoplasma Pneumoniae

Birds are a significant reservoir of various mycoplasma strains. A large number
of avian types are known for pigeons and poultry. As far as is known these strains
do not seem to be a source of contagion for humans. Gerlach (1977) studied 397
pigeons from 50 dovecotes and found avian mycoplasma in 262 pigeons. No
mycoplasma could be determined in only five dovecotes. Mycoplasma is slightly
pathogenic for pigeons.
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1.3.12 Mycobacterium Avium

In avian tuberculosis, the tubercles can occur in all organs. Most characteristically,
the foci of infection in birds occur in the liver and intestinal tract. The tubercle
bacilli are spread via the extremely infectious faeces or from open foci in the lungs.
Humians become infected by these tubercle bacilli through the mouth. In about 8%
of all cases of tuberculosis in humans, avian tuberculosis is probably the cause
(Borst 1973). In children, neck gland infections occur as a result of avian mycobac-
teria. When prior lung disease is present, such as pneumoconiosis, bronchitis and
emphysema, or tubercular sequela, these mycobacteria can also cause further lung
problems. As a result of the major decline in human and bovine infections, the
significance of avian infection has become greater in relative terms. Recently two
patients with lethal disseminated Mycobacterium avium complex infections and
an impaired immune system were reported, one a 21-year-old female who owned
a parrot (Schneider et al. 1988), the other a 55-year-old man with eosinophilia
(Krulder and Moffie 1988). Though the clinical picture showed remarkable
resemblance to the acquired immune deficiency syndrome, this diagnosis could
not be confirmed. The authors assumed that the immunodeficiency was a sequel
of the infection with Mycobacterium avium complex. In my opinion, this was
certainly the case for the 21-year-old woman, in whom the immunodeficiency was
the sequel of chronic allergic lung disease and the cause of the dissemination of
the Mycobacterium avium complex infection (Holst 1988).

1.3.13 Arbovirus Encephalitis

Tropical birds and their insects, mosquitos, and sand flies are reservoirs of Eastern,
Western, Venezuela, St. Louis, California, Japanese B, Murray Valley, and
tickborne arboviruses that can cause encephalitis in humans (Herman 1982).

1.4 Allergic Diseases That Can Be Caused by Pet Birds

1.4.1 Introduction

The three most serious degrees of chronic non-specific lung disease (CNSLD)
occur in almost 10% of the population in the Netherlands (van der Lende 1969;
van der Lende and Orie 1975). The cause is attributed to differences in the indoor
air hygiene of residences due to chemical (Biersteker and de Graaf 1967) and/or
biological pollution (Dijkman 1977). The presence of pets, particularly for the sake
of children, is just such a biological factor. Of all pets the bird is the most popular
in the Netherlands, and it spreads the most amount of dust. A partial explanation
for the enormous number of CNSLD patients in the Netherlands might be found
here. More breeding of birds is done than of any other pet; the hobby involves
elderly people as well as children, and after the breeding period, the birds are given
away to other family members.
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Production of antibodies begins in the unborn child around the 11th week of
pregnancy. Specific antibodies can be found in umbilical cord blood. Soon after
birth the mucous membrane of the airways and alimentary canal must form a
barrier against harmful bacteria, toxins, and antigens. Babies under the age of 6
months are not very well protected and, as a result of very early contact with animal
skin cells, high antibody production occurs very quickly.

Viral infections can also disturb the immunoregulation of the very young,
promoting the formation of antibodies to inhaled allergens. The factors that lead
to a constitutional tendency to develop an allergic disease are not known. Familial
clustering of lung hyperreactivity, and perhaps lung tumours also, could have both
a hereditary and an exogenous familial basis. Incidentally, this same discussion
occurred before the tubercle bacillus was identified as the cause of tuberculosis.

Felderhof-Hoytema (1987) carried out a study on 699 healthy school children
between the ages of 4 and 16 years in The Hague. Of these children, 39.6% had
birds at home. Among the children with birds at home, symptoms of CNSLD were
observed in 50.9%, in contrast to 19% of children without birds at home.

Quanjer (1987) reported CNSLD symptoms in around 20% of school children
in the age group of 11-19 years.

The various types of allergic diseases that can be caused by pet birds are:

— Allergic Rhinitis and Nasal Polyps

— Allergic Asthma

— Allergic Alveolitis

— Granulomas and Irreversible Lung Fibrosis

1.4.2 Allergic Rhinitis and Nasal Polyps

Disease Manifestations. After being exposed for a period of several weeks to
several years to allergens (ultrafine dust from the faecal particles of feather mites
Falculifer rostratus and Cnemidicoptes laevis and from the blood-sucking mites
Dermanyssus gallinae; cells from feather follicles; horny just particles; proteins
from dried bird droppings), many bird keepers develop complaints such as sneez-
ing, coughing, wheezing, itchy eyes and ears, urticaria, inflammation of the eyes
and face, eruptions or eczema.

The immune system is still labile in healthy young children, and toddlers
readily develop strong allergic and delayed asthmatic reactions. This is the allergic
basis for up te 70% of children who seem to always have colds.

Nasal polyps are often found in allergic patients; they occur frequently at a
young age, but not during childhood and may occur together with bronchial
asthma, which demonstrates that they are an expression of the involvement of the
whole respiratory tract. Nasal polyps are often precursors of delayed asthma and
occur frequently in conjunction with house dust mite allergy.

Mode of Transmission. Inhalation of house dust and allergens.
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1.4.3 Allergic Asthma

Disease Manifestations. Both early and delayed asthmatic reactions are seen as
allergic responses to household dust, mould spores, and excreta of mites and birds.
(Meyer and Eddie 1960; Muller et al. 1987; Pelikan et al. 1983).

Bar-Sela et al. (1984) studied ten male and six female chicken breeders
between the ages of 11 and 47 years who had complained of allergic rhinitis and/or
allergic asthma following exposure to bird excreta. The controls were 16 allergic
patient, matched by age and sex, who had not been exposed to bird excreta and 12
veterinarians who were free of complaints. According to the results of skin tests,
only the group of workers in the bird industry had specific antibodies against
Northern bird mite (Ornithonyssus sylviarum). Allergic complaints occurred on
average after 10 years of exposure to bird excreta.

Lutsky et al. (1984) stated that bird mites are not considered a component of
house dust and their potential allergic effects have therefore been studied too little
in allergic patients.

Mode of Transmission. Inhalation of mould spores and excretory products of
house mites or bird mites.

1.4.4 Allergic Alveolitis

Hendrick et al. (1978) calculated that budgerigar lung was a much more common
phenomenon in England than farmer’s lung, and that it was the most frequent type
of allergic alveolitis. A constantly maintained antigen level in the bronchioli and
alveoli, such as that found in bird keepers, leads to allergic alveolitis, which is
characterized by a strong reduction in helper/suppressor T-cell ratio in the wash
from bronchoalveolar lavage (Keller et al. 1984). Absolute helper T-cell shortages
lead to an increased risk of neoplasms.

Disease Manifestations. Inflammation of the walls of the minute air sacs of the
lung, the sites of gaseous exchange, is caused by inhaled inorganic dusts such as
coal dust, silica and asbestos or by inhaled organic dusts from mouldy hay, straw,
dovecotes or the cages of pet birds. Chronic alveolitis progresses slowly to the
state of fibrosis, emphysema and bronchiectasis (Lee et al. 1983).

Mode of Transmission. Daily contact with bird antigens is much more intense
when a person has one or several birds in his living room than when a person goes
briefly to the dovecote to clean it daily, as is usually the case with most pigeon
fanciers. Reactions in the lungs of owners of budgerigars and canaries are found
much more frequently than in those of pigeon fanciers.
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1.4.5 Granulomas and Irreversible Lung Fibrosis

Disease Manifestations. The chronic granulomatous pulmonary inflammatory
response observed in patients with allergic alveolitis has suggested a role of
cell-mediated immunity. Delayed immune reactions occur, through which stimu-
lated T-cells are produced by antigens, which form a cell infiltrate around the
antigens. This type of reaction is characterized by the formation of granulomas in

the lungs, and eventually irreversible lung fibrosis (Biitikofer and de Weck 1969;
Pepys and Turner-Warwick 1975).



2 Survey of Patients in General Practice

2.1 Introduction

As a general medical practitioner with about 2000 patients in Rijswijk-
Steenvoorde, The Hague-Moerwijk and Morgenstond, I began to sense differences
in morbidity (particularly from respiratory diseases) between people keeping birds
as pets and people who had no pet birds in their houses. As a result I carried out a
survey of my practice during a 10-year period looking at the keeping of dogs, cats,
birds and rodents. Smoking habits and the social class of patients were also noted.
This chapter describes the study methods and some of the main results.

2.2 Methods

Duration of Survey. The main survey period ran from 1972 to 1981 with some
analyses incorporating data collected in 1971, 1982 and 1983.

Risk Factors. Data were recorded on sex, age, smoking habits, number of persons
per household and occupation of the principal wage earner of the household. In
addition, a history of keeping dogs, cats, birds and rodents in each year of the
survey was recorded by oral interview during office visits, and was later confirmed
by writing to each household member in 1982. The number of pets kept in each
year was recorded as well as the locations where they were kept (e.g. the children’s
bedroom). Appendix B includes a translation of the letter sent to the patients.

Definition of a Smoker. A smoker is defined as a person who has smoked at least
100 cigarettes in his lifetime and still smokes daily.

Definition of Pet Keeper. A person was defined to be a bird keeper if there were
caged birds in the home for at least 6 consecutive months. The same definition
was used for other pet ownership. Information about the extent of bird keeping
and other pet ownership in the whole practice population from 1972 to 1981 is
given in Tables 2.2-2.6.
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Endpoints. The following occurrences during the study period were used for
analysis: death under 60 years of age; newly diagnosed malignant tumour; nasal
polyps that were newly diagnosed and removed; spontaneous abortion (as a form
of intra-uterine death); immature parturition; perinatal death; infertility. The
diagnoses were all confirmed by relevant specialists.

Relationship of Mortality and Morbidity to Pet Keeping. Results of analyses
comparing the keeping of pets to mortality and morbidity are given in Tables
2.7-2.15. The period of exposure to bird keeping considered varied according to
the endpoints studied (see Table 2.1).

The period of 5-14 years’ exposure prior to diagnosis was used in the case of
cancer for two reasons. Firstly, it takes at least 5 years (25-30 cell divisions) before
a tumour in epithelial cells becomes detectable by X-ray examination. Secondly,
the latency period for lung cancer, which is usually about 30 years for cigarette
smoking alone, can be considerably reduced where there is combination of ciga-
rette smoking and lung infections to about 10 years (Polednak 1974).

The third year prior to death in cases of death before age 60 years and before
the onset of subacute diseases such as nasal polyps was used as the period of
exposure considered on the somewhat arbitrary basis that if pet keeping had given
rise to chronic and sometimes fatal diseases there could have been more intensive
contact with pets over a period of several years. People with more intensive pet
contact own their pets mostly for longer periods. The third year before was also
chosen because it is closer to diagnosis than the 5—14 years before diagnosis which
is used in the case of cancer. In the four cases of death during the first year of life
(Table 2.8) the year prior to birth was used.

Exposure during the year before pathological miscarriage was used because
the latency period for possible effects of infectious diseases is short. In the case
of childlessness or infertility after some years of marriage, use of this exposure

Table 2.1. Period of exposure to pet keeping by endpoints studied

Endpoints Period of exposure

Patients Rest of general
practice population

Cancer 5-14 years before 1972-1981
diagnosis
Death before age 60 During the third year 1981
before death
- Removed nasal polyps During the third year 1981
before removal
Live birth, childlessness, During the year 1981
infertility, or pathological before occurrence

miscarriage
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definition was more arbitrary, but not crucial since most people, especially married
couples, who have pets keep them for several years.

Information outside the period 1972-1981 was not available for the whole of
the general practice population, only for those patients with the various endpoints
studied. For this reason, exposure from 1972 to 1981 was used when making
comparisons with cancer patients and exposure during 1981 when making other
comparisons. Since there was a general tendency for pet keeping to become more
common over the study period (see Table 2.5), the resulting comparisons should
be somewhat conservative.

Statistical Methods. The methods used and the reasons for using them are de-
scribed in detail in Appendix A. Briefly, the observed incidence of an endpoint
among a subset of the population (e.g. bird keepers) was compared with that
expected among the total general practice population after adjustment for age (at
diagnosis or at time of survey, as appropriate). Adjustment was normally in
10-year age groups but age groups were combined where numbers at risk were
low. Two-tailed p values were calculated based on standard methodology for
stratified contingency tables. In the case of malignant tumours the observed
incidence was also compared with an expected value based on national clinical
incidence. Additional analyses, stratified according to age (in 10-year periods),
sex, social status (upper, middle, lower) and smoking habits in 1972 (never
smoked, ever smoked), were also carried out for certain endpoints. When corre-
lating the distribution of one risk factor with the distribution of another risk factor
(e.g. the percentage of smokers among bird keepers) percentages were standard-
ized by 10-year age groups.

2.3 Results

2.3.1 Distribution of Risk Factors Among the General Practice Population

Table 2.2 gives the distribution of the general practice population by age, sex,
smoking and bird keeping in 1981. Of the 944 men, 34% kept birds and 40%
smoked; of the 983 women, 32% kept birds and 27% smoked. In both sexes, bird
keeping was rather more common in those aged under 50 than in older people. The
average age of bird keepers was 32.8 in men and 33.8 in women, somewhat
younger than the average age of those who did not keep birds 38.2 year in men
and 40.8 years in women. Smoking was most common in men aged over 20 years
and in women aged 20-59 years. Little relationship was seen between smoking
and bird keeping; the percentage of smokers among bird keepers was close to that of
smokers among the whole general practice population.

Table 2.3 shows the distribution of ownership of dogs, cats, rodents and of
any pet (including birds). Because of ownership of two or more types of pet, the
numbers keeping any pet do not coincide with the sum of the numbers keeping
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Table 2.2. Distribution of general practice by age, sex, smoking and bird keeping in 1981

Age group (years)

0-9  10-19 20-29 30-39 40-49 50-59 60-69 70+ Total

Male

Total number 101 134 178 140 103 123 129 36 944

% in age group 11 14 19 15 11 13 14 4 100

Bir