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SYNOPSIS

The authors report on the results of several years' research into
the role of domestic and wild birds in the epidemiology and
epizootiology of Q fever in Czechoslovakia. They examined
572 blood specimens taken from domestic birds in an area of
endemic Q fever and found positive reactions to the complement-
fixation test in hens, turkeys, ducks, geese, and pigeons, with hens
showing the highest percentage of positive reactions. In addition,
the susceptibility of hens to infection with Rickettsia burnetii was
demonstrated experimentally, and excretion of R. burnetii in the
stools of hens was demonstrated from the 7th to the 40th day after
infection.

Complement-fixation tests were also done on 480 blood speci-
mens from wild birds with positive serological reactions in 15.8%
of birds living directly on infected farms, 4.3% of birds living in
the immediate vicinity of those farms, and 1.8% of birds living
independently of human habitations but in an endemic area.
R. burnetii was isolated from the spleen and liver of the redstart
and the white wagtail and from ectoparasites of swallows.

In the extensive literature on Q fever, only isolated mention is to be
found of the occurrence of this infection among domestic, and more
particularly among wild, birds. Babudieri, Suzzi-Valli, and Moscovici
have demonstrated that sparrows and canaries can be infected experimen-
tally and afterwards excrete the infective agent, Rickettsia (Coxiella) burnetii,
in their stools. These workers have also isolated a strain of R. burnetii
from the kidneys of a pigeon from an area of endemic Q fever and have
found complement-fixing antibodies in the sera of a large number of
pigeons."3

During several years of research on Q fever in Czechoslovakia, the
present authors have studied the role played by most species of domestic
and wild animals, both mammals and birds, in the chain of infection in
a particular area. A survey is given below of the findings to date among
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domestic and wild birds. Part of the latest observations and others not
previously described in the literature were published in 1954 and 1955.9-12

It is interesting to note that this question has also been studied recently
by other authors. A personal communication was recently received from
M. G. P. Stoker, who after becoming acquainted with our work at the
beginning of 1955, informed us that he had obtained similar serological
findings to ours in hens, but that in the case of wild birds his findings
were for the time being negative.

Methods

Areas where Q fever occurred were subjected to a complex investigation,
in which epidemiologists, microbiologists, veterinary surgeons, zoologists,
parasitologists, and clinicians participated.6 7 In the course of short-term
and long-term expeditions, systematic serological examinations and cultur-
ing were carried out in domestic and wild birds. Blood was obtained for
examination from ducks, turkeys, geese, pigeons, and hens by puncture
of the wing vein. Wild birds were caught alive in a snare or shot. The
specimens obtained were identified zoologically and were classified as birds
directly inhabiting infected farms (eusynanthropic birds) or their immediate
neighbourhood (synanthropic birds) or birds living independently of human
habitations in uncultivated natural surroundings (exanthropic birds). A
mobile field laboratory facilitated the carrying-out of the investigations
within the actual centre of infection. The blood for serological investigation
was obtained from captured birds by exsanguination; while with birds
which had been shot down dissection was immediately carried out and the
heart removed under sterile conditions, cut up finely, and placed for
30 minutes at 40C in an appropriate amount of physiological saline, so
that with the blood extracted from the ventricles, auricles, and coronary
arteries, serum was obtained in a dilution of approximately 1 :10.

The authors are aware of the inaccuracy of diluting serum by this
method, but since the dilution was never less than 1: 10, positive reactions
of 1: 16 and higher obtained by this method must be regarded as specific.

The sera obtained were examined by complement-fixation tests. An
antigen from the Henzerling strain, produced by us by the method of
Siegert et al.,8 was used as the antigen. In the dilution used, this antigen
was highly specific and free from anticomplementary properties. It fixed
not only homologous antibodies, but also antibodies in the sera of guinea-
pigs infected with strains of R. burnetii isolated by us (strains No. 225,
226, 228, 422, 423, 424, 425, 426) and antibodies in the sera of guinea-pigs
infected with the Nine Mile and Grittaa strains. At the same time, this
antigen reacted very well with the sera obtained from human Q fever

a From the Institute of Epidemiology and Microbiology, Moscow, USSR.
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patients and also from domestic animals in the infected area. The method
of the actual reaction has been described by other authors and by our-
selves.4' 5 Titres of 1 :16 (± ++) and upwards were taken as positive
findings.

In the main, the species of birds chosen for isolation experiments were
those in whose sera specific substances had been found by the complement-
fixation reaction. After being exsanguinated or shot, the birds were
immediately dissected and the spleen and liver removed under sterile
conditions and stored until required at -100C to -200C. Part of the
material thus obtained was combined, some of it from birds of the same
species (homologous mixture), and some of it from different species (hetero-
logous mixture). By far the larger part of the material, however, was
treated individually.

In experiments for isolating R. burnetii, the procedure was as follows:
the spleen and liver of every bird examined were pulverized in a sterile
mortar in physiological saline to a suspension of about 10%. This sus-
pension was immediately injected intraperitoneally into two guinea-pigs of
an average weight of 300 g. Each guinea-pig was injected with 1-2 ml of
the suspension, according to the size of the organs obtained. The guinea-
pigs were kept in separate buildings at some distance from one another
and the attendant staff observed all the necessary regulations for avoiding
laboratory infection of the guinea-pigs with Q fever.

The actual method of demonstrating the isolation of R. burnetii in the
inoculated material has already been published.5 Summarized briefly, it
may be said that the following criteria were taken as demonstrating its
presence:

1. Typical curves of pyrexia in the guinea-pigs;
2. A demonstrably higher antibody titre in the sera of the guinea-pigs

four to five weeks after inoculation, i.e., 1 :16 (++ +) and higher; and
3. Adaptation of the R. burnetii strain so obtained to the yolk sac of

the chick-embryo and a final re-demonstration of the strain.

A number of the results of the isolation experiments were regarded as
suspect, for instance, curves of pyrexia in one guinea-pig only or an increase
in the titre to lower values, i.e., 1: 8 (+++) and 1: 16 (++).

As long as isolation experiments were being carried out, the laboratory
concerned did not work with other strains of R. burnetii.

In experimental infection of domestic fowls the following method was
used: Leghorn hens were infected intraperitoneally with 1-2 ml of a 10%
suspension of yolk-sac in which the strain 423, isolated by us, had been
grown. In a further series of experiments, infection was carried out by
intranasal drip of a 10% suspension of yolk-sac, in which the strain 1894,
isolated by us, had been grown.
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For control, the suspensions used for experimental infection were
injected into two guinea-pigs, in which they always produced infection
with Q fever.

In the infected hens, the body temperature was taken in the cloaca and
the body-weight was ascertained. In some hens the stools were examined
at regular intervals for the presence of R. burnetii. Some hens were killed
after 14 or 28 days and dissected; the spleen and kidneys, which were
removed under sterile conditions, were likewise examined for the presence
of R. burnetii. The sera of the hens were examined for complement-fixing
antibodies. The method used for isolation and the complement-fixation
reaction were the same as in the other experiments.5

Results

During the years 1954 and 1955, the sera of 572 domestic birds and
480 wild birds were examined serologically, and 35 isolation experiments
were carried out in addition to experiments with the experimental infection
of hens.

Domestic birds

Table I shows the results of the serological examinations in hens, geese,
ducks, pigeons and turkeys, all of which had been reared on farms where
Q fever had occurred in man and domestic animals (mammals).

TABLE I. RESULTS OF SEROLOGICAL EXAMINATION FOR Q FEVER
IN DOMESTIC BIRDS IN AN AREA OF ENDEMIC Q FEVER

Species Total number Positive Negative Evaluation
of bird examined egie jnot possible

Hen 355 49 (15.9%) 259 47

Duck 111 2 ( 1.8%) 109 0

Turkey 42 2 35 5

Goose 33 3 30 0

Pigeon 31 9 21 1

Total | 572 65 | 454 J 53

It follows from this table that in the affected farm communities, the
most severely affected are hens.

The examination of a control group of 28 hens from an area where there
was no Q fever gave negative results in all cases to the complement-fixation
test.
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In order to throw light on the possible role of the domestic fowl in the
epidemiology and epizootiology of Q fever, a number of hens were experi-
mentally infected. In four hens infected intraperitoneally, no important
signs were observed after infection. Two days after infection a temporary
rise in temperature of 1°C to 1.50C was found in all hens, with a subsequent
fall to the initial values or to lower values. Changes in body-weight varied.
Variations in body temperature of 1°C to 1.50C and considerable variations
in body-weight (400-500 g) had already been noted by us in the control
animals. The changes described are not, therefore, taken as conclusive
clinical signs of infection with Q fever. Fourteen or 28 days following
infection, the individual birds were killed and the strain of R. burnetii
was isolated from the spleen of three hens and from the kidney of one.
Complement-fixing antibodies were not, however, demonstrated in the sera
of the killed hens. In another experiment, only three of eight infected hens
showed a specific increase in complement-fixing antibodies, and even then
not until six weeks after the experimental infection. It was assumed,
therefore, that a longer interval is necessary in these birds for serological
response. A detailed report on these experiments has already been published.9

In a further experiment, one of our colleagues, Sobeslavsky', was success-
ful in demonstrating the excretion of R. burnetii in the stools of an experi-
mentally infected hen. Excretion continued over a long period, from the
7th to the 40th day after infection. There has naturally also been interest
in whether R. burnetii finds its way into eggs. The results have so far
proved negative.

Wild birds

Table II shows the results of serological examination of 480 wild birds.
It is worthy of note that the largest number of positive serological findings
was made in birds directly inhabiting farm communities infected with
Q fever (eusynanthropic birds). The percentage of positive findings in birds

TABLE II. RESULTS OF SEROLOGICAL EXAMINATION FOR Q FEVER
IN WILD BIRDS

]_Group | Total number Ptgative EvaluationGroup ~~examined number~% Neaie not possible

Eusynanthropic birds 187 27 15.8 144 16

Synanthropic birds 176 7 4.3 157 12

Exanthropic birds 117 2 1.8 106 9

Total 480 36 8.1 407 37
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inhabiting the immediate vicinity of these farms (synanthropic birds) was
far lower, and Q fever antibodies were demonstrated in only two birds
from the same area but living entirely independently of man (exanthropic
birds). Tables III and IV show the findings in the blood of the eusynan-
thropic and synanthropic birds. In the exanthropic birds, only 1 great
spotted woodpecker (Dryobates major) out of 9 and 1 greenfinch (Chloris
chloris) out of 9 were positive.a Part of these findings were published
elsewhere in 1955.11

In experiments on individually examined organs of birds, R. burnetli
was isolated from 1 redstart (Phoenicurus phoenicurus) and 1 white wagtail
(Motacilla alba). The findings were suspect in 1 domestic pigeon (Columba
livia domestica), 1 redstart, and 1 jay (Garrulus glandarius), and negative
in 14 other birds.'2 b Experiments with pooled organs twice gave positive
results in the case of swallows.'2 c

TABLE 111. RESULTS OF SEROLOGICAL EXAMINATION FOR Q FEVER
IN EUSYNANTHROPIC BIRDS

Total number EvaluationSpecies Positive Negative no possib

Hirundo rustica
(Swallow) 92 8 79 5

Delichon urbica
(House martin) 60 14 39 7

Passer domesticus
(House sparrow) 35 5 26 4

_ ~ ~ ~ _ ,_ ._ I I_ _ _ _

In this connexion, it is important to mention the isolation of a strain of
R. burnetii from the ectoparasites (Ornithomyia biloba) of swallows; these
were found on birds which were caught in infected cowsheds and in which
Q fever antibodies were demonstrated. Despite the fact that we washed

a The following were all negative: 3 pheasants (Phasianus coichicus), 5 partridge (Perdix perdix,)
I kestrel (Falco tinnunculus), 1 grey-headed woodpecker (Picus canus), 7 great spotted woodpeckers (Dryobates
major), 10 warblers (Sylvia sp.), I icterine warbler (Hippolais icterina), 1 chiffchaff (Phylloscopus collybita),
2 goldcrests (Regulus regulus), 1 song thrush (Turdus ericetorum), 1 mistle thrush (Turdus viscivorus), 2 field-
fares (Turdus pilaris), 3 robins (Frithacus rubecula), 2 red-backed shrikes (Lanius collurio), 7 coal tits (Parus
ater), 2 willow tits (Parus atricapillus), 6 crested tits (Parus cristatus), 2 tree creepers (Certhia familiaris),
8 greenfinches (Chloris chloris), 3 serins (Serinus canaria), 1 goldfinch (Carduelis carduelis), 8 siskins
(Carduelis spinus), 3 bullfinches (Pyrrhula pyrrhula), 4 crossbills (Loxia curvirostra), 8 tree sparrows (Passer
montanus), 2 sky larks (Alauda arvensis), 2 tree pipits (Anthus trivialis), 2 grey wagtails (Motacilla cinerea),
2 carrion crows (Corvus corone corone), 5 jays (Garrulus glandarius), and 1 nutcracker (Nucifraga
caryocatactes).

Evaluation proved impossible in the following birds: 1 wood pigeon (Columba palambus), 1 great spotted
woodpecker, 1 wryneck (Jynx torquilla), 1 warbler, 1 goldcrest, 1 siskin, 1 tree pipit, and 2 jays.

b 4 domestic pigeons, 2 greenfinches, 5 house sparrows (Passer domesticus), 1 great spotted woodpecker,
I yellowhammer (Emberiza citrinella), and 1 song thrush.

c Negative findings were obtained in 4 experiments with homologous mixtures of the organs of house
martins (Delichon urbica), 5 similar experiments with the organs of swallows, and 5 experiments with hetero-
logous mixtures of the organs of various birds.
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the ectoparasites before inoculation, we cannot rule out the theoretical
possibility that they were externally contaminated. But since they were
caught on serologically positive birds of a species known to be susceptible
to infection with R. burnetii, we think it much more probable that these
blood-sucking louse-flies did in fact harbour the rickettsiae in their bodies.

TABLE IV. RESULTS OF SEROLOGICAL EXAMINATION FOR Q FEVER
IN SYNANTHROPIC BIRDS

Species

Muscicapa striata
(Spoited flycatcher)

Turdus merula
(Blackbird)

Phoenicurus
phoenicurus (Redstart)

Phoenicurus
ochruros (Black redstart)

Troglodytes
troglodytes (Wren)

Parus major (Great tit)

Parus caeruleus
(Blue tit)

Fringilla coelebs
(Chaffinch)

Emberiza citrinella
(Yellowhammer)

Motacilla alba
(White wagtail)

Sturnus vulgaris
(Starling)

Corvus frugilegus
(Rook)

Total number
examined

7

2

2

1

23

2

8

3

51

31

17

10

21

Positive

0

0

oO

2

o

11

0

Negative EvaluationNegative i not possible

7 0O

2 0

,2U

6

3

44

14

10

21

0

0

0

6

2

2

0

0

Whether Ornithomyia biloba is, properly speaking, a vector of the infection,
and, if so, how long R. burnetii survives in its body are, however, questions
to which no final answer can yet be given but which will be the subject
of future study by us.
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Discussion

The results of our investigations on domestic and wild birds demonstrate
their participation in the complex cycle of R. burnetii in a focus of infection.
The serological findings in hens on infected farms and the experimental
proof of the continued excretion of R. burnetii in the stools of infected
birds clearly show that hens play some, if not an important, part in the
spread of infection among domestic animals.

Under conditions of large-scale breeding, hens and other poultry
represent a possible source of infection for man. This is confirmed by the
finding of Q fever cases among the employees of poultry farms; in cases
of febrile disease associated with atypical pneumonia, the possibility of
Q fever as well as of ornithosis must be taken into account.

The serological findings and the results of isolation experiments in wild
birds are interesting for a number of reasons.

First, the extent to which wild birds of the various categories (eusynan-
thropic, synanthropic, and exanthropic) are affected corresponds to the
findings of Q fever in man and animals in the area investigated, as described
by us in 1954 and 1955.6,7 The results of this complex investigation show
that Q fever was probably brought into this area, where, so far as is known,
it had not previously occurred, by the importation of infected flocks of
sheep either during or after the Second World War. They also show that
the infection, which was originally introduced into farms where different
domestic animals-particularly sheep and cattle-were raised together,
spread for a number of years through a simple cycle, and, in the form of
rapid and consecutive epizootics and epidemics, affected most of the
animals on the infected farms. Only gradually, over a period of several
years more, did it penetrate uncultivated areas inhabited by wild animals.

Another interesting feature of these findings is that R. burnetii was
isolated primarily in migrating birds and birds of passage, which every year
leave the area and fly over southern Europe to North Africa and return
again in the spring to the same place. Every year these birds cross and live
in areas where Q fever has long been prevalent, and thus the question arises
whether these birds may participate in the transmission of infection over
great distances. This possibility is emphasized by positive culture findings
in the ectoparasites of swallows (Ornithomyia biloba) so that to the pos-
sibility of excretion in the stools there is added the possibility of the con-
veyance of R. burnetii by infected ectoparasites.

In the case under investigation, however, it is assumed that infection
of the birds examined by us occurred in cattlesheds in the area under
observation, which was heavily infected.

The participation of wild birds. in the further spread of infection cannot
be excluded, but it is assumed that it is one of the less important links in
the chain of infection in the animal world.
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RJtSUM12

Les auteurs ont etudie durant plusieurs annees le role que jouent les mammiferes et
les oiseaux domestiques ou sauvages dans la transmission de la fievre Q. ls r6sument
dans cet article les resultats de leurs recherches sur les oiseaux.

Dans un foyer d'infection qui a servi de centre d'etude, les s6rums de 572 oiseaux
domestiques et de 480 oiseaux sauvages ont et6 soumis au test de fixation du compl6ment;
35 essais d'isolement de R. burnetii sur le cobaye et de culture sur sac vitellin d'embryon
de poulet ont ete effectu6s, ainsi que de nombreuses infections exp6rimentales de poules.
Le r6le des oiseaux domestiques et sauvages comme agents de transmission a et6 d6montr6,
en particulier celui des poules, qui excr6tent R. burnetii et diss6minent ainsi l'infection
parmi les animaux domestiques.

Dans de grands elevages, les poules et les autres oiseaux de basse-cour peuvent devenir
une source d'infection pour l'homme; des cas de fi&vre Q ont ete signales en effet parmi
le personnel d'etablissements avicoles.

Les resultats serologiques obtenus chez les oiseaux sauvages sont interessants a
plusieurs titres. La repartition de la fievre Q chez les oiseaux vivant dans les fermes
infectees, aux alentours, ou dans les zones voisines non cultiv6es correspondait A celle
que l'on observait chez l'homme dans les m8mes zones.

I1 semble que, dans la region etudiee, la fievre Q ait ete import6e par des troupeaux
de moutons pendant ou apres la deuxieme guerre mondiale. Pendant un certain nombre
d'annees, la transmission s'est limitee aux divers animaux de la ferme, ou eclaterent des
poussees epizootiques et epidemiques. Ce n'est que progressivement, au cours d'annees
ult6rieures, que l'infection passa aux animaux sauvages des zones incultes.

R. burnetii a ete isol6e en premier lieu d'oiseaux migrateurs et d'oiseaux de passage,
qui sejournent en hiver dans le sud de l'Europe ou le nord de l'Afrique et reviennent au
printemps en Europe centrale. Chaque annee, ces oiseaux traversent des regions ou sevit
la fievre Q et l'on ne peut exclure qu'ils contribuent, ne serait-ce que dans une tres faible
mesure, A la diss6mination de l'infection A longues distances, soit par leurs dejections,
soit par leurs ectoparasites.
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