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SYNOPSIS

The authors review the sources of R. burneti in nature. The
organism has been isolated in ticks, domestic and wild animals,
and birds. The maintenance of the infection in nature is discussed.
The epidemiology of Q fever in man, and the manner in which
the infection is transmitted by domestic animals, are described.

Q fever made a humble debut as a parochial disease in Brisbane, Austra-
lia, where it was described nearly 20 years ago by Derrick.3' At about the
same time, an organism was isolated from ticks in the Rocky Mountains
by Davis and Cox, and it was later found to be identical with the causative
agent of Q fever in Australia.28 A few laboratory infections subsequently
occurred in the USA and some evidence of natural infection was found in
humans,25 but for several years it was believed that the natural disease was
more or less safely confined to the antipodes. This supposition was rudely
shattered in 1946, when, through the work of Caminopetros 22 in Greece,
and a team of American workers in Italy, Q fever was found to be present in
the Mediterranean region, causing dramatic outbreaks of pneumonia
among the combatant armies.98

Q fever is now known to be widely distributed throughout the world
and the causative agent has been isolated from a variety of arthropods
and animals as well as from man. In-a review in 1953, Berge & Lennette 13

listed 23 countries where Q fever was known to occur, and thanks to a
survey now being undertaken by the World Health Organization many
additions have since been made.a

* This paper was presented as a report to the Seventh International Congress of Comparative Pathology,
Lausanne, Switzerland. It appeared in VIJme Congres international de Pathologie CompardJe, Lausanne, 26-31
mai 1955 Vol. I, p. 47, and was circulated only to the participants.

a See paper by Kaplan & Bertagna on page 829 of this number of the Bulletin.
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When Derrick 31 first described the disease he modestly called it " Query
fever ", appreciating, perhaps, the inherent problems in its natural history.
Nevertheless, his early researches on the reservoirs and spread of infection 32
have done much to provide a basis for present views on the ecology of the
causative agent.

This causative agent is a rickettsia, but it has properties which distin-
guish it from other pathogenic rickettsiae. Until there is a general re-classi-
fication of these organisms, however, we still prefer to call it by Derrick's
original name, Rickettsia burneti, rather than Coxiella burnetii as proposed
by Philip.94 Rickettsia burneti, like the Spotted Fever rickettsiae can be
isolated from many species of tick, and in some it can be transmitted not
only from one developmental stage of the tick to the next, but also trans-
ovarially to the following generation. It can also infect some of the mamma-
lian hosts of ticks, but R. burneti differs from all other pathogenic rickettsiae
in its adaptation to the cow, sheep, and goat. It is also able to multiply in
the genital tract and mammary gland of these large domestic animals and,
following excretion, it shows an extraordinary resistance to adverse physical
conditions. R. burneti is not a sporing organism, but it can resist drying,
heating up to 620 C or 630 C for 30 minutes,u' 76, 97 and many chemical
disinfectants such as phenol, formalin, and merthiolate.71 80, 97 Its ability
to persist outside its hosts has also been shown by isolation from air and
dust.29, 67

These special properties of R. burneti allow the transmission of infection
in the absence of arthropods, certainly to man and probably from one
animal to another as well. Thus, although ticks are known to be infected in
nature, it is difficult to assess the part they play in the maintenance of
infection in the wild, and the extent to which R. burneti follows or diverges
from the ecology of other rickettsiae.

It is our purpose in this review to consider the behaviour of R. burneti
in its natural hosts, and, by relating one with another, to discuss the main-
tenance of a permanent reservoir of the organism in nature and the spread
of infection to man.

SOURCES OF " R. BURNETI " IN NATURE

Apart from man, R. burneti has been isolated from 22 species of ticks
and one insect, 8 different mammals, and one bird. There is also serological
evidence of infection in three additional mammals and another bird. We
shall discuss these hosts in more detail, but man will be considered at a
later stage in this report, because he is probably infected through accidental
contact with the reservoir of R. burneti in nature, and we shall, therefore,
deal with the spread to humans as a separate issue.
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Ticks

Ticks have been found to harbour R. burneti in many parts of the world
and fresh isolations are continually being made. It will be seen from
Table I that the 22 species fall into 6 genera of Ixodid and 2 genera of
Argasid ticks. As might be expected, the infected ticks were mostly collected
from hosts which are known to be potential reservoirs of R. burneti, but,
without data on transmission by the ticks, we cannot assume that they are
important vectors of the rickettsia.

Experimental studies on the transmission of R. burneti by ticks have
been reported by many workers and have been fully considered by Weyer 121
in a recent authoritative review of infection in arthropods. Certain aspects
of this experimental work are summarized in Table II. It will be seen that
all the species tested can become infected by engorging on infected animals
but not all of them have been shown to transmit to uninfected animals
during engorgement. Ornithodorus lahorensis for example, although harbour-
ing R. burneti, might not necessarily act as a vector in nature. Unfortu-
nately, most of the transmission experiments have been limited to guinea-
pigs and it will be noted that few attempts have been made to transmit
between the natural hosts of the tick.

Tick tissues and excreta constitute the richest known natural source of
the rickettsia. The tissues of adult Dermacentor andersoni for example have
been found infective for guinea-pigs at a dilution of 10-11.7 and the excreta
at 10-9 to 10-10. 25, 93 Furthermore, R. burneti remains viable in the ticks for
prolonged periods. 0. hermsi was able to infect guinea-pigs by biting, when
772 days had elapsed since the ticks were originally infected, and even after
979 days virulent rickettsiae were still detected in the tick tissues.27

R. burneti is passed from larva to nymph and nymph to adult in all
species of tick tested but trans-ovarial passage from adult to the larvae
of the next generation has only been successfully achieved with 4 species
(with doubtful results in a further 3) out of 10 species tested, and only in
0. moubata has infection been continued to the subsequent generation.27
(Table II). This suggests that unlike R. tsutsugamushi in trombiculid mites
and perhaps R. rickettsi in ticks, R. burneti cannot be maintained indefinitely
in successive generations of its arthropod host without reinfection from
another host. Even R. rickettsi, which is probably transferred much more
efficiently than is R. burneti to the next generation, may need a second host
to reinfect enough new ticks for maintenance of the organism.95

Certain special considerations apply when R. burneti is isolated from
ticks found on infected sheep (and possibly also cows and goats), because
the wool of the sheep may be heavily contaminated with R. burneti excreted
by the host in the birth fluids and faeces at lambing4 and because the
rickettsia remains viable for long periods.
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TABLE 1. TICKS FOUND NATURALLY INFECTED WITH "R. BURNETI " t

Host on which infected
ticks were found

Dermacentor andersoni 28

Dermacentor occidentalis 25

Haemaphysalis leporis palustris

Rhipicephalus sanguineus 88

Ixodes dentatus 63

Amblyomma americanum

Otobius megnini58

Rhipicephalus sanguineus 84, 91

Rhipicephalus bursa

Hyalomma savignyi 18, 87

Hyalomma dromedarii 19 18

Hyalomma excavatum 30, 118

Hyalomma excavatum lusitanicum

Hyalomma marginatum 91

Hyalomma mauritanicum 15

Haemaphysalis punctata 116

Ixodes ricinis

Haemaphysalis leachi

Rhipicephalus sanguineus 48

Hyalomma dromaderii 43

Amblyomma variegatum 16

Ornithodorus lahorensis 89

Ornithodorus moubata 67

Haemaphysalis humerosa 109

Ixodes holocyclus 24

Rabbits

* Dogs

Rabbits

* Goats, * Cattle, * Dogs

* Cattle

* Dormice

* Calves

* Sheep, * Goats

* Dromedaries

* Cattle

* Gerbil

* Calves

* Cattle

* Sheep

* Dogs

* Dogs, * Cows

* Dromedaries

* Buffaloes

* Bandicoots

* Cattle

t Isolation of R. burneti has also been reported by Tendeiro 11' from a further 8 species of ticks
collected in Portuguese Guinea. These have not been included because the author's monograph
on the subject is not available in English and it is difficult to interpret the results of the apparently
unconventional method of Identification of strains (see abstract by Megaw 7").

* Known to harbour R. burneti.

Region Tick species

USA

Mediterranean

North Europe

Central Africa

Australia
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TABLE 11. EXPERIMENTAL INFECTION OF TICKS

Rickettsiae survived

Infected Transmitted
Tick while while from larvae to from adultfeeding on feeding to nymph & to lardletfnymph to tolavexofadult of same gneratiogeneration gnrto

Dermacentor andersoni 84 guinea-pig guinea-pig +

Haemaphysalis guinea-pig guinea-pig + ?
humerosa 106

Ixodes holocyclus 107 bandicoot * bandicoot * + - 0

Rhipicephalus guinea-pig guinea-pig +
sanguineus , 73 83, 106 dog *

cD
guinea-pig guinea-pig + + Z

Ornithodorus moubata 2 mouse mouse c
cow*27s 442 S1 man * Do
man *<

Ornithodorus lahorensis guinea-pig N. D. N. D. N. D. (D

cow* (ticks doubtful N. D. N. D. f.
Otobius ~~~~collected transmissionOtobius megnini from infected to cows

herd)

Amblyomma guinea-pig guinea-pig + +
cajennense"

Boophilus annulatus calf* N. D. N. D. N. D.
microplus -I

Haemaphysalis guinea-pig guinea-pig + _
bispinosa 108 o

Hyalomma rufipes guinea-pig guinea-pig N. D. N. D.
glabrata 41 sheep * 0

Hyalomma spp. 17 10 + + o
0r

Ornithodorus erraticus 17 guinea-pig N. D. + N. D.

Ornithodorus sp. guinea-pig no N. D. N. D. '
(probably gurneyi) 000 transmission

to guinea-pig

Ornithodorus hermsi 27 guinea-pig guinea-pig + -
(D

Ornithodorus ta/ale 56 pack-rats N. D. N. D. N. D. a

Ornithodorus turicata 26 guinea-pig no N. D. **
transmission
to guinea-pig

* Animals known to be naturally Infected with R. burneti.
** R. burneti isolated by Inoculation of suspension of larvea into guinea-pigs.
N. D.= No data.
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Firstly, the exposure of the tick, and especially its mouth parts as it
crawls among the rickettsiae in the wool, may provide an additional mode
of infection of the tick as an alternative to a blood meal. In fact, no rickett-
siae have been isolated from the blood of naturally infected sheep, but
rickettsaemia has been regularly demonstrated for a short time after arti-
ficial inoculation.3 66 Secondly, there is a possibility of "isolation"
from ticks or even other ectoparasites, which are themselves quite insus-
ceptible to R. burneti, through surface contamination by organisms from
the host. We have recently distinguished true infection of Haemaphysalis
cinnabarina var. punctata from surface contamination, by comparing the
infectivity of surface washings with that of tick tissue suspensions."16

We shall return later to the part played by ticks in the maintenance of
R. burneti. At this stage we may conclude that most ticks are susceptible
to infection with the rickettsia, and many will transmit it by natural
means to laboratory animals. But although ticks from many countries are
known to harbour R. burneti, little is known of the efficiency of ticks as
vectors under natural conditions.

Other Arthropods

Weyer 121 has shown that human body-lice, bed-bugs, fleas, and meal
worm-larvae support multiplication of R. burneti, and that lice and bed-
bugs will excrete the organism in the faeces for months. Philip 93 isolated
R. burneti from house-flies and maggots collected in or near cages of in-
fected guinea-pigs, but the organism cannot be transmitted by these insects.

The only isolation from an arthropod other than the tick under natural
conditions was reported by Giroud & Jadin47 from human body-lice
collected in the Belgian Congo during the three months after an outbreak of
Q fever. If, as the report shows, three guinea-pig passages were necessary
to reveal the rickettsiae from the lice, the number of organisms must have
been very small. This may perhaps be explained by the insusceptibility of
lice to infection via the intestinal tract except by strains of R. burneti which
have been adapted to the louse tissues by previous coelomic passage.'21

Domestic Animals
Cattle

Derrick's original observation on Q fever in abattoir and dairy-farm
workers suggested that cattle might be a source of infection for man, but,
although agglutinins were discovered in cattle sera,34 no strains of R.
burneti were recovered in nature. Other evidence that cattle might be in-
fected came to light with outbreaks of Q fever among employers in stock-
handling yards and a meat-packing house in the USA56 100 and with
Shepard & Huebner's 101 observation that cases of Q fever in Southern
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California were often associated with dairy farms. This led to intensive
investigation of natural infection in cattle by Huebner, Jellison, Beck, Bell,
Luoto, and others in Southern California, and to experimental studies on
cattle by Parker, Bell, and Stoenner at the Rocky Mountain Laboratory,
Montana. Naturally infected cattle were also found in Europe and other
parts of the world.

Summarizing the Californian results Huebner & Bell5' reported that
many dairy cows in the Los Angeles area had Q-fever complement-fixing
antibodies in their serum, and that R. burneti was present in the milk 52
and placentas 70 of some of these animals. Placentas were much more
heavily infected than milk and might carry 108 infectious doses per gram
of tissue. Attempts to isolate R. burneti from blood or urine of naturally-
infected cows were unsuccessful, but the organism was obtained on several
occasions from the spinose ear-tick Otobius megnini feeding on the cows.58
The affected cows showed no clinical illness, and the infection had no
effect on milk production. Post-mortem examination of a naturally-infected
cow reported by Jellison and his colleagues 59 revealed the presence of
R. burneti in the mammary gland, supra-mammary lymph-nodes, and
possibly in the lung, but not in other tissues.

The first experimental inoculation of cattle was performed in Australia
by Derrick, Smith & Brown,3m who injected two calves subcutaneously and
recovered R. burneti from the liver and spleen of one and the blood of the
other on the fourth day. They were able to infect larval ticks (Boophilus
microplus) by feeding on the ear of one of the calves and specific agglutinins
appeared in this animal on the eleventh day.

At the Rocky Mountain Laboratory, Parker and his colleagues showed
that milk cows could be infected by inoculation of the udder via the milk
duct. Following inoculation, the blood was infective during the first five
days only but R. burneti was excreted from the milk of the inoculated quar-
ters for periods up to 63 days.83 These experiments suggested that infection
might be transmitted from cow to cow in nature by accidental contamina-
tion of the teats during milking, but cows could not be infected by dipping
the teats in infected milk either alone 11" or with Streptococcus agalactiae
to produce a concurrent mastitis."2 Attempts to transmit infection with
the tick 0. megnini have also given negative or doubtful results."',

When pregnant cows were inoculated intradermally with R. burneti,
the organism was subsequently recovered from the milk, urine, and placenta.
One pregnant cow was inoculated intranasally using an atomizer, and
although the organism was not isolated from the blood-stream or milk,
the placenta was infected and complement-fixing antibodies appeared in the
serum.83 Present data, therefore, suggest that R. burneti becomes localized in
the placenta and udder of cows. This is in accordance with the low incidence
of infection in bulls in Southern California despite the high proportion of
infected cows.51
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Sheep

Sheep were considered to be a source of human infection in Greece by
Caminopetros 22 who isolated R. burneti from the milk of these animals.
The study ofQ fever in Northern California by Lennette, Clark & Dean 64, 65
also suggested that there was an epidemiological association between infec-
tion of man and contact with sheep, and the presence of R. burneti was
soon confirmed by isolation of this organism120 and detection of antibodies
in flocks of sheep associated with human cases.68 Subsequently, infection
of sheep has been reported from many other countries.

An extensive study of these animals has been reported by Lennette,
Welsh, Abinanti, Winn, and others. They have shown that naturally-
infected sheep excrete R. burneti in the placenta,120 birth fluids,2. faeces,123
and milk 60 at, or for a short time after, parturition and that the placenta
may be very heavily infected and contain up to 109 guinea-pig infective
doses per gram. No obvious clinical manifestations were seen in the infected
Californian sheep, but in view of occasional reports of abortion from other
countries,23' 122 further information is needed on this point.

Experimental studies have shown that sheep can be infected by the
intravenous route, and more significantly by the respiratory tract.3 66
Following intravenous inoculation, there was fever and transient rickett-
saemia during the first week, while complement-fixing antibodies appeared
later. Except for three isolated instances, there was no excretion from the
mammary gland secretions, urine, faeces, oral, or nasal secretions. Never-
theless, the rickettsiae were found 43 days after inoculation in suspensions
of liver, spleen, kidney, lymph-nodes, and lungs. After intratracheal inocula-
tion, there were no abnormal clinical signs, but rickettsiae were isolated from
the blood-stream in a few animals, and, in all, antibodies were subsequently
detected. At first, there was no significant excretion of rickettsiae, but two
or more months after inoculation, three of the inoculated sheep lambed and
rickettsiae immediately appeared in faeces, urine, and oral and nasal secretions
from the parturient animals, and also from other sheep in adjoining pens.
Although the placentas and birth fluids were not collected, it was clear
from the subsequent findings in naturally infected sheep2, 68 that both
were probably infected as well, and could have led to heavy environmental
contamination.

From these results it seems that R. burneti can infect sheep via the
respiratory tract, but that it lies dormant in the tissues and is not excreted
until a subsequent parturition.

Goats

Caminopetros 22 has isolated R. burneti from the milk of goats in
Greece, and Kilschsperger & Weismann 61 reported the presence of the
rickettsia in the placenta of goats during an epizootic of abortion among
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these animals in a Swiss canton. Isolations from, and serological evidence
of infection in goats have also been obtained in several other countries.
Little experimental work has been carried out, but it seems probable that
infection in goats resembles that in cows with excretion at parturition in the
placenta and thereafter in the milk.

Other domestic animals

R. burneti has been isolated by Mantovani & Benazzi 72 in Italy from
the blood of a dog, which had eaten the foetal membranes of an infected
sheep, and Antonetti 5 has reported the presence of the organism in the milk
and urine of an experimentally inoculated bitch. Giroud 45 reported
immunological evidence of infection in dogs and also in donkeys in French
Equatorial Africa.

Serological evidence of infection has been found by Kitaoka & Takano 62
in camels imported into Japan from Pakistan.

Giroud & Jadin have found specific agglutinins in sera from pigs in an
endemic area of the Belgian Congo.48

After an outbreak in Great Britain which suggested, on circumstantial
evidence alone, that farrowing sows were the source of infection,117 we
also became interested in these animals. Experimental inoculation of non-
pregnant sows and a pregnant sow led to a rise in agglutinating and comple-
ment-fixing antibodies but no excretion of R. burneti was detected in nasal
washings, faeces, urine, or placenta, nor was the organism detected in the
organs at post mortem. A subsequent search for R. burneti in sow placentas
and tests for agglutinins in pig sera, collected from an endemic area of
Britain, showed no evidence ofnatural infection ofthese animals (unpublished
data of Stoker, Betts & Marmion).

Wild Animals and Birds

R. burneti has been found in many species of tick which at some stage
parasitize small wild animals, and a large number of these animals have
been shown to be experimentally susceptible to R. burneti. Nevertheless,
very few isolations have been made from animals captured in the wild state.
This is not entirely due to difficulty of collection because several large surveys
in the USA have proved fruitless. In a recent investigation, we failed to iso-
late R. burneti from organs of 259 small mammals and 166 birds of various
species captured in an area of south-east England where the rickettsia had
already been isolated from cows, sheep, and ticks.

The only wild animal known to be infected with any consistency is the
Australian bandicoot, Isoodon torosus. Derrick & Smith33 isolated R.
burneti from 3 out of 109 of these animals captured near Brisbane, and
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Freeman and others 42 found specific agglutinins in sera from 39 out of
180 bandicoots from the same area.

The gerbil (merion rat or desert rat), Meriones shawi, which inhabits
North Africa, has been found to be infected in Morocco by Blanc, Martin
& Maurice.18 They isolated two strains of R. burneti from gerbils in an area
where infected ticks were also found.

Strains of R. burneti have recently been isolated by Perez Gallardo and
colleagues 92 in Spain from dormice caught in a slaughterhouse, and from
mountain rabbits captured near Madrid. Finally, Babudieri & Moscovici8
have reported isolation of a strain from a pigeon in Italy and serological
evidence of infection in other pigeons and in a goose.

In addition to these isolations, there is also serological evidence of
infection alone in a porcupine (Erethizon epizanthum epizanthum) in the
USA83 and in three rats (one Rattus culmorum youngi, two Hydromys
chryargaster),42 which inhabit the same terrain as bandicoots in Queensland.

Persistence of Infection and Phase Variation

One of the characteristics of infection of R. burneti both in naturally
and experimentally infected animals, is the persistence of the organism for
long periods in the tissues of the host despite the presence of circulating
antibody detectable by complement-fixation or agglutination tests. We
should like to digress at this stage to draw attention to studies on an anti-
genic variation of R. burneti which may lead to a better understanding
of this phenomenon. The original observations on the variation were made
by one of us, 113, 114 but the recent developments have been largely due to
Dr P. Fiset 39 also working at Cambridge.

When strains of R. burneti, previously growing in animals, are first
inoculated into the yolk-sac of fertile hens' eggs, the rickettsiae generally
grow profusely in one or two passages. Purified suspensions of these
rickettsiae from the yolk-sacs fail, however, to react in complement-fixation
tests with homologous or other Q-fever antisera. These antisera nevertheless
react well with stock antigens of similar rickettsial concentration prepared
from classical strains such as the Henzerling and Nine Mile strains.

After a variable number of yolk-sac passages, however, the new strains
undergo a striking change and thereafter yield antigens which, although
not more concentrated, resemble the classical strain antigens and react
well, in complement-fixation tests, with all antisera against R. burneti.
In the early stage of egg adaptation, which we call " Phase 1 ", the organisms
fail to react with antisera from naturally or artificially infected animals
(except very late guinea-pig sera taken two or more months after inocu-
lation). The egg adapted variant which we call " Phase 2 " reacts well with
any Q-fever antiserum (including both early and late guinea-pig sera).
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Reversal of the variation may be carried out by inoculation of egg-
adapted, Phase 2, strains into animals; when re-isolated in yolk-sacs the
rickettsiae are found to have reverted to Phase 1 and will not react with
antisera until they have been passaged several times- in yolk-sacs again.

All the strains we have tested from human, cow, sheep, or tick, or, after
laboratory passage, from guinea-pig, mouse, or hamster are in Phase 1
when first grown in eggs. Abinanti & Marmion (unpublished data) have
also shown that rickettsial suspensions prepared directly from the spleens
of mice are in Phase 1. Even the classical Nine Mile strain, if it is inoculated
into guinea-pigs and then re-isolated in yolk-sacs will revert to Phase 1 and
lose its ability to react as a complement-fixing antigen.

We, therefore, believe that the strains which we use routinely for pre-
paring stock antigens and which react so well with Q-fever antisera may
all be laboratory variants obtained through growth in yolk-sac tissue. On
the other hand, it appears that the organism exists in nature in a form
which reacts poorly, at least in complement-fixation tests, with antibody
formed against itself.

Unfortunately, we have no satisfactory techniques for investigating the
reaction between the rickettsiae and their antisera in the intact animal,
but it is our tentative hypothesis that the naturally occurring rickettsiae in
Phase 1 might have a survival value which enables them to persist in the
tissues of their hosts in the presence of antibody. Whatever the correct
explanation, the long continued presence of viable rickettsiae in the natu-
rally infected hosts-for example until a subsequent parturition-may
well be an essential feature of the natural history of the organism.

MAINTENANCE OF INFECTION IN NATURE

The very multiplicity of sources from which R. burneti has been isolated
at once leads to difficulty in determining which host is essential for its
continued survival and which is a mere cul de sac with no opportunities
for further transmission. There are also several alternative ways in which
the organism may spread between the essential hosts and little information
about their relative efficiency or importance. In certain limited areas,
however, R. burneti is confined to a small number of hosts and a simplified
ecology exists. Intensive investigation of three such areas has revealed two
quite distinct patterns of transmission and maintenance of R. burneti.

Moreton Island, Australia

Derrick & Smith 96 reported a detailed investigation of Moreton Island,
a small island off the Australian coast neai Brisbane, inhabited largely
by bandicoots and rats, with some pigs and a few goats, but with no cows
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or sheep. The susceptibility of goats to R. burneti was not known at this
time, and these animals were not examined, but the bandicoots showed
evidence of heavy infection with R. burneti both by direct isolation and by
the presence of specific agglutinins in sera from 30% of those examined.33' 42

It is not known if R. burneti is excreted from bandicoots via the repro-
ductive tract or by other means, but the placenta of these animals is not
extruded and they are solitary animals meeting only for mating periods,
so direct transmission except to their young, is unlikely (Pearson; 90 Derrick,
personal communication). The bandicoots on Moreton Island were heavily
infested with the tick H. humerosa, however, and R. burneti could also be
isolated from this tick.'09 After experimental inoculation of bandicoots,
rickettsiae could be isolated from the blood at intervals up to 2 weeks,
but the animal was not incapacitated in any way.35 This would allow
opportunity for infection and also for dispersal of ticks. Further experiments
showed tfiat H. humerosa could be infected and would transmit infection, at
least between guinea-pigs, by feeding, and that R. burneti would survive
each stage of the tick from larva to adult, although only with difficulty
would it pass from adult to ova and larvae of the next generation.105 These
facts suggested that R. burneti would not survive indefinitely in either the
bandicoot or the tick alone, but close association allowed the rickettsia
to pass from one to the other and so be maintained permanently on this
small island.

This simple cycle of R. burneti in small animals and ticks has not been
demonstrated outside Moreton Island because two such suitable hosts have
not been found elsewhere in isolation. Even on the mainland of Australia
a few miles from Moreton Island, the presence of infected cattle results in a
more complicated situation to which we will return later.

Southern California

In the area around Los Angeles, Huebner, Bell and their colleagues 51
have shown that a permanent reservoir of R. burneti is associated with the
intensive dairy practice and is maintained by a mechanism entirely distinct
from that shown by Derrick & Smith on Moreton Island, but somewhat
resembling that found for sheep in Central and Northern California (see
below).

In Los Angeles, the cattle are artificially fed in the stock-yards of dairies
scattered through the widespread urban area and over 10% of these dairy
cows showed serological evidence of infection. R. burneti was also found
in the pooled raw milk from about two thirds of dairies tested. Infected
placentas dropped in the stock-yards provided a particularly rich source
of rickettsiae for contamination of the dust so plentiful in the hot dry
climate.
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Into this situation there were regularly introduced large numbers of
susceptible animals from non-endemic areas, over 40% of which deve-
loped antibodies to R. burneti within six months of arrival. The spinose ear-
tick, Otobius megnini, was the only ecto-parasite found on the cows but it is
an Argasid tick which remains on one animal, and although R. burneti has
been isolated from it 58 attempts to transmit infection to cattle experi-
mentally have given negative or doubtful results.11' Accidental conta-
mination of the teats during milking has also been considered a possible
mode of transmission but as we have seen, it is unsupported by experimental
results."12 On the other hand, the experimental susceptibility of cows to
infection by the respiratory tract 83 and the heavy contamination of the
dust to which they are exposed, leaves little doubt that the majority of
animals are infected by inhalation of the rickettsiae.

It thus appears that in the Los Angeles area, R. burneti is maintained
in a single host, the cow, by massive contamination of the environment,
through excretion of the organism at parturition, and by the continued
introduction of new susceptible animals in large numbers.

Whether this highly artificial situation counts as maintenance of
R. burneti in nature is perhaps open to doubt, but it certainly differs strikingly
from the bandicoot-tick cycle on Moreton Island.

Central and Northern California

In the more northern areas of California, Lennette, Clark & Dean 65
have found that Q fever is associated with sheep and goats in stock-raising
areas. Infection is rare in cows in the dairy industry, which is less intensive
and concentrated than in Southern California.

Although 0. megnini is sometimes found upon the sheep, there is no
evidence to suggest that it is responsible for maintenance of infection.
We have already seen how large numbers of rickettsiae are shed by infected
sheep at parturition in the placenta, allantoic and amniotic fluids, and in the
milk and faeces for a short time afterwards. As in South California, the
climate predisposes to rapid dessication of these materials and presumably
to formation of infected dust. R. burneti has in fact been isolated from air
and dust in lambing pens and goat sheds following parturition of infected
animals :29, 67 furthermore, it is known that sheep are susceptible to infection
via their respiratory tract.3

Thus in Northern California infection is maintained in sheep and pro-
bably goats, and in Southern California in cows, by exposure of susceptibles
to extensive environmental contamination and not by an intermediate
arthropod host, as in Moreton Island.

It will be obvious that both in the Los Angeles dairies and the North
Californian ranches the animals most heavily exposed to infection are the
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young calves and lambs, which could be infected in utero at or soon after
parturition, or by ingestion of infected milk. It is not known if such infection
occurs, or if the organism persists, but if a latent infection, established at
birth, were followed by excretion and infection of the next generation at
birth, and so on, R. burneti would be achieving in mammals the equivalent
of trans-ovarial passage in ticks.

Possible Evolution of " R. burneti"

The identification of two entirely distinct cycles of infection in ban-
dicoots and their ticks in the wild on the one hand, and in large domestic
animals on the other, led Marmion 74 to suggest an evolutionary concept
of the natural history of R. burneti which was developed from Derrick's32
earlier theories.

This view would suppose that like other pathogenic rickettsiae R. burneti
was originally a parasite of ticks and small wild animals, such as bandicoots,
which act as hosts to the ticks. From this basic cycle in the wild it is supposed
that infection spread to large domestic animals such as cows, sheep, and
goats, when these animals were brought into areas of rough pasture, where
infection existed in wild animals and ticks. At first, infection would be
transmitted to the domestic animals by the wider ranging ticks from the
small animals and then perhaps maintained by different ticks limited to
cow, sheep, and goat. The final stage comes with the direct transmission
of infection from one domestic animal to the next without an intermediate
arthropod vector, as in North and South California. This follows the
adaptation of R. burneti to growth in the reproductive tract and mammary
gland with excretion in large numbers at, and after, parturition. The resul-
ting contamination of the environment ofa gregarious animal with an organ-
ism which is resistant to drying and sunlight allows the rickettsia to pass to
fresh susceptibles by inhalation or ingestion. These in turn excrete at the
next parturition and so the cycle is continued.

It is, of course, impossible to prove that such a sequence of adaptations
took place in the order suggested. Development might have begun as a
Brucella-like infection of domestic animals and proceeded in exactly the
opposite direction, or as Weyer121 has pointed out, the ability of R. burneti
to multiply in so many hosts and tissues might simply be regarded
as a primeval lack of specialization shown by a young and primitive
organism.

Whether or not the evolution of R. burneti took place in time as outlined
above, however, the scheme provides a useful framework for linking the
two main cycles of infection and also for indicating future lines of research.
Let us, therefore, attempt to relate epidemiological findings in other parts
of the world to this general scheme.

794



SPREAD OF Q FEVER FROM ANIMALS TO MAN

Infection in the Wild

Except on Moreton Island, evidence for a basic cycle in nature is scanty.
Nevertheless R. burneti has been isolated from the gerbil (Meriones shawi)
and its tick in Morocco 18 and recently from the mountain rabbit in Spain.92
It is also possible that the infection of birds in Italy is part of this basic
cycle. In other places various species of infected ticks are found, but
R. burneti has not been detected in their hosts in the wild. The isolation
of R. burneti from Dermacentor andersoni in Montana,28D. occidentalis in
Wyoming and Oregon25 and Haemaphysalis leporis palustris in Virginia,63
has not been accompanied by isolation from the small wild animals these
ticks normally parasitize, although mice, chipmunks, squirrels, mountain
rats, and cotton-tail rabbits have been found susceptible to experimental
infection and Q-fever antibodies have been found in serum from a porcu-
pine.83

There is no evidence that the bandicoot, gerbil or any of these wild
animals excretes R. burneti at parturition or any other time and it is assumed
that the organism is spread by the infected ticks. Recent work at Cambridge
by Abinanti ' has shown, however, that experimentally inoculated guinea-
pigs excrete the organism in the placenta in large numbers in the same
way as cows, sheep and goats. This suggests that excretion at parturition
may not be limited to large domestic animals and may even provide an
alternative to tick transmission between wild animals, by transfer of infec-
tion to the young in utero, or to these or other susceptibles by contamination
of the nest.

Transmission from Wild to Domestic Animals

Whether or not ticks are entirely responsible, it is clear that R. burneti
is constantly maintained in these arthropods and in wild animals, and that
it is widely distributed.

We must now attempt to trace a connexion between this reservoir of
infection in the wild and the cycle in large domestic animals. This at once
leads us into difficulty. In order to demonstrate such a connexion it would
be necessary to show infection in small wild animals and large domestic
animals in the same vicinity. It would also be necessary to isolate R. burneti
from one or more species of ticks, which at one stage of development or
another, parasitize both the wild and domestic animals. Even this would
not be enough because such ticks might be susceptible to R. burneti but
unable to transmit infection further. It would, therefore, be necessary to
show experimentally that the ticks were efficient vectors and would actually
transmit R. burneti between the wild and domestic animals.

If these ideal conditions exist, they have not yet been reported. In
certain situations, however, R. burneti has been isolated from wild and
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domestic animals in association and also from ticks with sufficiently wide
host range.

We have already mentioned the situation described by Derrick and
Smith on Moreton Island. R. burneti has also been isolated from bandicoots
and their ticks (H. humerosa) on the mainland of Queensland, where cattle
are infected as well. H. humerosa cannot be held responsible for regular
transmission from bandicoots to cattle, however, because it rarely feeds on
the latter. Derrick 32 suggested that Ixodes holocyclus, a tick commonly
found on a wide variety of hosts including bandicoots and cattle might
act as the intermediate link, and Smith 107 showed that this tick could
transmit infection from stage to stage of the tick and also from one bandi-
coot to another. They were unable at that time to find L holocyclus to be
infected in nature but recently Carley & Pope 24 isolated two strains of
R. burneti from these ticks collected on cows. It still remains to be shown
that infected L holocyclus will transmit R. burneti to cattle experimentally,
and that the tick-adapted rickettsiae can then parasitize the genital tract
of these animals, leading to excretion and the development of an arthropod
free cycle.

In Morocco, infected Hyalomma ticks have been found on sheep, goats,
and cattle 15, 18 as well as in the burrows of infected gerbils. Finally,
in Spain, R. burneti has been isolated from Hyalomma marginatum, Rhipice-
phalus bursa and Rhipicephalus sanguineus found on calves and dormice 91
and infection has recently been shown to occur in both these animals as
well as in the mountain rabbits.92

Although it is unproven, it is quite possible that in these three areas,
there is a connexion through ticks between a reservoir of infection in small
wild animals and one in domestic animals.

Transmission between Domestic Animals

In other places, such as south-east England, R. burneti has been found
in sheep and cattle and their ticks without detection of any associated
infection among small wild mammals. Whether or not these ticks are
important in the transmission of the rickettsiae, perhaps in an early stage of
adaptation, between the domestic animals is quite unknown.

Derrick, Smith & Brown 34 infected the cattle tick Boophilus microplus
by feeding on infected calves, and doubtful transmission to cows was
achieved with the spinose ear tick Otobius megnini by Stoenner.111 Both
these, however, are Argasid ticks limited to one animal for all stages of each
generation. They would seem to be unsuitable for transmission of rickettsiae
to other animals unless efficient trans-ovarial passage took place. No data
are available which show that Ixodid, three host, ticks can be infected
experimentally from domestic animals and even if it were known that these
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ticks could in fact transmit R. burneti between domestic animals, it would
be difficult to compare their efficiency as vectors with the tick-free mode
of transmission by environmental contamination during parturition.

It should be pointed out, however, that the climatic conditions and
agricultural methods which provide such suitable conditions for tick-free
transmission among cows and sheep in California, are not necessarily present
in all other regions. Local circumstances may make tick transmission rela-
tively more important for maintenance of infection, even among animals
which are excreting R. burneti.

We may conclude this section by regretting the inadequacy of data on
the efficiency of ticks as vectors of R. burneti under natural conditions.
This makes it difficult to link the many hosts and, therefore, to ascertain
how a reservoir of R. burneti is permanently maintained.

Q FEVER IN MAN

We have now seen how R. burneti is present in a variety of ticks, wild
and domestic animals, and possibly birds, and we have discussed the possible
ways in which the reservoir of infection is permanently maintained in nature.
It remains for us to consider the similarly widerspread infection of humans,
who are, after all, just as much a part of nature as the ticks.

Man is the only host of R. burneti known to develop obvious illness
regularly as a result of infection. The main clinical features include a fever,
which commences abruptly, a severe headache and, often, clinical and
radiological evidence of pneumonia. The illness is variable in duration and
lasts for a few days up to three or even more weeks and may be followed by
a prolonged period of debility. Fortunately, however, the disease is rarely
fatal. From studies of Q fever in closed communities, it is clear that symp-
tomless infections also occur, but vary in number in different outbreaks.115

Epidemiology

In its most dramatic form Q fever occurs in outbreaks involving large
numbers in a few months as, for example, in Amarillo, USA 56 or in San
Lorenzo, Italy.9 Nevertheless, there is no evidence that infection can
readily spread in epidemic form from man to man, whereas these outbreaks
have often been shown to originate from domestic animals or their products.

In addition to these well-defined outbreaks, isolated and sporadic human
infections occur in regions where Q fever is known to be endemic in domestic
animals. Owing to the difficulty of diagnosing Q fever on clinical grounds
alone, however, it is probable that very few of these cases are identified, and
it is, therefore, difficult to discover the relative frequency of the disease in
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a community, or its economic importance. Sporadic cases have been studied
in California 10 and in England 77 and in over half of them it is possible
to trace some direct or indirect contact with domestic animals and their
products, such as milk, but the significance of these findings is not clear
unless further knowledge is available about the exposure of uninfected
individuals in these regions.

Information on the incidence and epidemiology of Q fever in man has
also been obtained by studying the distribution of healthy individuals with
Q-fever antibodies (which are known to persist for many years). Owing
to differing serological techniques it is not possible to compare figures
obtained in different laboratories, but it is clear that unrecognized infection
may be common. In Los Angeles, for example, Bell and his colleagues 12
found evidence of infection in 1.36% of the inhabitants of Los Angeles,
with significantly higher rates among groups occupationally exposed,
living near dairies, or drinking raw milk, than in the corresponding controls.
Using a different serological technique we have found antibodies in 3.7 %
of blood donors in south-east England 77 and subsequent, more detailed,
studies show that infection is commoner among those exposed to domestic
animals.

With a few exceptions 30, 37, 78 there is no evidence of human infection
by tick bite, or by contact with wild-animal hosts of R. burneti. It is clear
that, excluding laboratory infections, Q fever in man usually originates
from cows, sheep, or goats, which, as we have seen, excrete R. burneti
in enormous numbers at and after parturition.

Owing to the prolonged viability of the organism outside its hosts,
however, and to the wide dispersal of animal products in agricultural
industry, the mode of transmission from these animals to man may some-
times be exceedingly devious. We shall, therefore, consider the possible
means of transmission under separate headings.

Transmission from Domestic Animals to Man

Direct occupational contact with parturient sheep, cows, or goats

From evidence obtained in laboratory outbreaks, from experimental
inoculation of human volunteers,20 and from the isolation of Q fever
from air near parturient animals, it is clear that humans may be infected
via the respiratory tract from infected aerosols. These originate from the
anim4il itself at parturition and would account for infection of farmers,
shepherds, stock-yard handlers, veterinarians, and others who have close
contact with the animals. As we have seen, the organisms may also be
present in the wool of sheep and the dust of lambing sheds and barns so
that the risk of infection may not necessarily be limited to the breeding
season. %
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Direct occupational contact with animal products

Infective aerosols may also be set up when pregnant animals are slaugh-
tered, from hides and wool, and in factories dealing with animal pro-
ducts. Several outbreaks of Q fever have occurred in these occupational
groups00, 103 and they are almost certainly due to airborne spread.

Residence in proximity to sources of animal infection

Q fever sometimes occurs in individuals who are not in close occu-
pational contact with animals or their products, but whose residence or
place of work is within a short distance of a dairy farm,10 market, or glue
factory77 or some equally obvious source. This may be a natural extension
of the airborne infection of occupational contacts, but more information
is needed on the carriage of viable rickettsiae in the air over distance,
which might anyway depend on the climatic conditions.

Consumption of infected milk

In countries where dairy cows are infected with R. burneti, a high pro-
portion of milk samples may contain the organism. Thus Slavin 104 showed
that 179 (6.9%) of 2581 samples collected at random from English dairy
herds contained R. burneti, and we have already noted the frequency of the
rickettsia in pooled Los Angeles milk.5'

Workers in the USA38' 97 and Great Britain76 have investigated the
effect of pasteurization on R. burneti and, although the organism has
occasionally been isolated from pasteurized milk 53, 69 there is general
agreement that if carried out according to the standards laid down in
those countries, the rickettsiae should be destroyed by either the holder or
" High Temperature Short Time" methods. Thus it is only raw-milk drinkers
who should be commonly exposed.

Milk could carry R. burneti to sections of the community far beyond
those exposed by occupation or residence. Many patients with Q fever, who
are not obviously exposed to any other source, drink unpasteurized milk,'0 7
and the high proportion of persons with antibody among the raw-milk
drinkers in Los Angeles 12 also points to this source of infection.

Nevertheless, many individuals who drink unpasteurized milk, also live
on or near the farms that supply the milk and they may beexposed in other
ways. Even when there is no obvious source other than milk it is difficult
to exclude a concealed airborne infection. Moreover, the absence of clinical
Q fever in 11 volunteers fed infected food by Fonseca and his colleagues 40
suggests that humans are not in any case highly susceptible to the gastro-
intestinal route of infection.

Thus the role of infected milk in the spread of Q fever to man is still
open to doubt and obviously merits further investigation.

5
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Concealed exposure

There remain a number of patients not obviously exposed to a source
of R. burneti by any of the above methods. Careful investigation may
reveal, however, that some of them occasionally visit farms or other places
where they may be exposed to airborne infection or may drink infected
milk (for example the country doctor, commercial traveller, lorry driver, or
insurance agent). Others are apparently infected by carriage of rickettsiae
on fomites. Q fever has occurred in laundry workers and others in contact
with the clothes of workers from Q-fever laboratories,"1 82 also in French
post-office employees handling mail bags carried in transport previously
used for animals 49 and in workers exposed to dust from maize grain used
as animal food.'4 It is possible that some of the remaining patients whose
infection cannot be traced, are exposed to infected dust from the hair or
clothes of agricultural workers in shops, cinemas, or other public places.

The exact pattern which the epidemiology of human infection will take
in any particular place will depend on many factors. These include the
species, number, and degree of infection of the local domestic animals, and
the nature of the contact between them and the local human population,
which may in turn depend on agricultural practice and custom. This may
be illustrated by comparing the continuing occupational disease in Brisbane
slaughterhouse workers; the regular seasonal illness connected with, but
not confined to the North Californian sheep industry; and the rare large
outbreak affecting all classes of individuals, such as occurred in the Italian
town of San Lorenzo, during a dry, windy period, when a flock of infected
sheep lambed in a stall in the centre of the town.9

CONCLUSION

It is clear that man is not an important biological host of R. burneti.
He provides little opportunity for further transmission of the organism and
it is only by his accidental intrusion into the cycle in domestic animals that
he becomes infected. R. burneti has shown itself to be a highly successful
parasite, however. What are the chances that it will eventually produce a
variant that can spread effectively between humans?

One possibility is further adaptation to growth in the human body-
louse, but R. burneti has the viability to spread without the aid of interme-
diate hosts. Humans are susceptible to infection of the respiratory and
possibly alimentary tracts, and, if they also excreted R. burneti, epidemics
might result. We have reported the infection of a nurse, two pathologists,
and a mortuary attendant from a fatal case of Q fever,75 and a larger out-
break occurred at an autopsy in Florence.8 R. burneti has also been isolated
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in life from the urine,3' sputum,'10 and throat washings 50 but it is evidently
not excreted regularly or in large enough numbers to start an epidemic.

R. burneti has also been isolated on one occasion from the human
placenta,7 but even if it could lie dormant in every infected woman and
appear in large numbers at subsequent parturition, it is doubtful if conditions
of childbirth are sufficiently gregarious, or human physiology entirely
suitable, for the development of a cycle resembling that in domestic animals.

On the other hand, the establishment of a variant which could multiply
profusely and be excreted in large numbers from the respiratory rather than
the reproductive tract might well lead to continued propagation of R. burneti
in humans as an epidemic disease. Perhaps we should be warned by the
few examples of transmission between humans which have been reported 36
and especially by the outbreak reported by Siegert and colleagues,'02
involving 38 individuals in a Frankfurt hospital where the source of infection
was not cows or sheep, but a patient with Q fever excreting rickettsiae
in his copious sputum. Is it possible that these incidents represent abortive
attempts by R. burneti to establish itself in humans, and thus to add another
warm-blooded animal to the many hosts in which it is already permanently
established ?
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R12SUMmt

La fievre Q fut signalee pour la premiere fois a Brisbane, Australie, et a Wtd decrite
il y a quelque vingt ans sous le nom de k Query fever ,. A peu pres au meme moment, on
isolait de tiques des Montagnes Rocheuses un organisme reconnu plus tard comme
semblable a l'agent causal de la fievre Q. On supposa pendant longtemps que la maladie
naturelle etait confin&e dans les pays oui on l'avait d'abord observee. Mais en 1946, elle
revela sa pre'sence dans le bassin m6diterraneen sous forme de graves poussees de pneu-
monie parmi les forces armees stationn6es dans cette region. Depuis lors, on sait qu'elle
est largement repandue dans le monde.

L'agent causal, Rickettsia burneti, isolee de plusieurs especes de tiques, se distingue
des autres rickettsies pathogenes par son adaptation i la vache, 'a la brebis et aL la chevre;
elle se multiplie dans le tractus genital de ces animaux d'ou elle peut etre excr6tee. Elle
supporte la dessiccation et une temperature de 62-630 pendant 30 minutes. Grace a cette
resistance exceptionnelle, R. burneti peut se transmettre en l'absence d'arthropodes, soit
a l'homme soit, probablement, d'un animal a l'autre.

Les auteurs de cet article etudient le comportement de R. burneti dans ses h6tes
naturels et discutent l'existence eventuelle d'un reservoir permanent de cet organisme
dans la nature ainsi que les modalites du passage de l'infection des animaux 'a l'homme.
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R. burneti aete isolee surl'homme, sur 22 especes de tiques (6 genres d'Ixodides et
2 genres d'Argasides), sur un insecte, 8 especes de mammiferes et un oiseau. Exp6ri-
mentalement, les tiques peuvent se gorger de rickettsies sur un animal infect, mais
toutes les especes utilis&es dans les essais n'ont pas transmis l'infection au cobaye et
ne peuvent etre considerees 'a coup sur comme des vecteurs naturels.

R. burneti passe de la larvea la nymphe puis a la tique adulte. Chez 4 sur 10 des
especesetudiees, elle a passe d'une generation a l'autre par voie ovarienne et chez une
seule espece seulement a la generation subsequente. I1 semble donc que l'infection ne
se maintienne pas indefiniment sur les tiques. La tique peut s'infecter non seulement en
piquant un animal infecte mais en ingerant les rickettsies eliminees avec le placenta lors
de la parturition et qui se trouvent sur la laine des agneaux. L'infection du betail par
R. burneti a ete demontree soit par la presence d'agglutinines anti-rickettsiennes dans
le serum soit par celle de R. burneti dans le lait et le placenta - ce dernier pouvant con-
tenir 108 doses infectantes pour le cobaye par gramme de tissu. Les resultats d'infections
experimentales du betail en Australie semblent indiquer que R. burneti se localise dans
le placenta et le pis des vaches, ce qui expliquerait le taux d'infection tres faible des tau-
reaux.

Experimentalement, les moutons peuvent etre infect6s par voie intra-veineuse et plus
facilement encore par voie respiratoire. Les rickettsies restent a l'etat latent dans les
tissus et ne sont eliminees qu'au moment de la parturition. II en est de meme chez les
chevres.

L'infection a ete observee, de facon assez constante, chez quelques animaux sauvages
tels que le bandicot d'Australie et la gerbille d'Afrique, et occasionnellement chez la
souris et le lievre par exemple.

L'un des caracteres de l'infection est la persistance de R. burneti dans les tissus
pendant de longues periodes, meme en presence d'anticorps circulants, decelables par
les tests de fixation du complement et d'agglutination. I1 se peut que les variations de
phases recemment decrites fournissent l'explication de ce fait apparemment paradoxal.
Ces variations se manifestent comme suit: Les rickettsies isolees des tissus se multiplient
facilement sur le sac vitellin de l'aeuf de poule, et les premiers passages fournissent des
suspensions qui ne reagissent pas avec les serums homologues ou heterologues dans les
reactions de fixation du complement; ces organismes sont dits en phase 1. Apres un certain
nombre de passages sur l'aeuf, les souches subissent une modification evidente et four-
nissent des lors des suspensions qui reagissent bien avec tous les serums anti-burneti
(phase 2). Les organismes en phase 2 inocules a l'animal font retour a la phase 1. Toutes
les souches isolees a partir de l'homme, des mammiferes et des tiques restent en phase 1
au cours des premiers passages sur aeuf. I1 est possible que sous cette forme naturelle
les rickettsies aient un pouvoir de survivance qui leur permette de subsister dans l'h6te,
meme en presence d'anticorps. II semble en tout cas que la persistance de rickettsies
viables dans les hotes naturels - en particulier d'une parturition 'a l'autre - soit une
des caract6ristiques de l'etiologie de la fievre Q.

Les recherches etiologiques ont revele deux schemas de transmission de R. burneti.
L'un a ete observe dans la petite ile de Moreton au large de Brisbane, ou l'infection se
maintient sur les bandicots et les tiques - en l'absence de vaches et de moutons. Ce
cycle # sauvage # n'a pas ete retrouv6 ailleurs, faute peut-etre de conditions naturelles
analogues.

Le second schema s'observe dans les grands troupeaux bovins de la Californie.
R. burneti se maintient sur un seul hote, la vache, qui s'infecte facilement par inha-
lation de poussieres provenant de produits infectes desseches, dans un milieu fortement
contamine ou l'on introduit constamment un grand nombre d'animaux receptifs. On
peut se demander, malgre l'importance pratique de ce mode de transmission, si ce cycle,
nettement artificiel, joue un r6le dans le persistance de l'infection dans la nature.

L'existence de ces deux cycles de transmission, l'un sur les animaux sauvages, l'autre
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sur les animaux domestiques, a suggere l'idee d'une evolution dans l'histoire naturelle
de R. burneti.

Comme les autres rickettsies pathogenes, R. burneti serait, a l'origine, parasite de
tiques et de petits animaux sauvages - tels que les bandicots. De ces animaux, l'infection
passerait par l'interm6diaire des tiques au betail paturant dans les memes regions. L'in-
fection se maintiendrait sur le betail par un cycle interne de contamination directe.

I1 faut reconnaitre que le cycle asauvage*) n'a et rencontre qu'a Moreton Island.
Pourtant il est certain que la presence de R. burneti chez les tiques et de petits animaux
sauvages est tres frequente et que la voie placentaire peut, chez ces derniers aussi, contri-
buer a la transmission de l'infection. Des difficult6s surgissent lorsqu'on veut etablir
une relation entre le reservoir sauvage et les animaux domestiques. Le passage de R. bur-
neti des animaux sauvages aux animaux domestiques habitant la meme r6gion, par
l'intermediaire des tiques, n'a pas ete prouv6, mais demeure cependant possible.

L'infection humaine provient des animaux domestiques et de leurs produits. On n'a
guere d'exemple d'infection humaine par piqure de tiques ou par contact d'animaux
sauvages infect6s. Une transmission epidemique inter-humaine n'a pas 6te prouvee. La
contamination de l'homme peut se produire par inhalation de gouttelettes infectees,
au moment du velage, ou par contact avec la laine des moutons, la poussiere des etables,
etc. Les personnes en contact avec le betail, les travailleurs des fabriques traitant des
produits animaux infect6s ou tous ceux qui vivent a proximite de telles sources d'infection,
sont particulierement exposes. La contamination par le lait infecte n'a pas e demontree.

L'homme n'est actuellement pas un h6te biologique important de R. burneti. II ne
concourt guere A la propagation de l'infection et ce n'est qu'accidentellement qu'il
s'infecte, en intervenant dans le cycle des animaux domestiques. Mais R. burneti s'adapte
tr6s bien a 1'homme et l'on pourrait redouter, ainsi que quelques faits y incitent, que
I'homme ne devienne, A la faveur d'une variation adaptative, un nouvel h6te de R. burneti.

REFERENCES

1. Abinanti, F. R. (1955) In preparation
2. Abinanti, F. R. et al. (1953) Amer. J. Hyg. 57, 170
3. Abinanti, F. R. et al. (1953) Amer. J. Hyg. 58, 385
4. Abinanti, F. R. et al. (1955) Amer. J. Hyg. 61, 362
5. Antonetti, F. (1952) 7tooprofilassi, 7, No. 6, p. 3
6. Babudieri, B. (1951) Acta med. ital. Mal. infett. 6, 29 (Quoted in Trop Dis. Bull.

1951, 48, 798)
7. Babudieri, B. (1953) In: Advances in the control of zoonoses, Geneva, p. 157 (World

Health Organization: Monograph Series, No. 19)
8. Babudieri, B. & Moscovici, C. (1952) Nature (Lond.), 169, 195
9. Babudieri, B. & Paolucci, S. (1954) R. C. Ist. sup. Sanita, 17, 404

10. Beck, M. D. et al. (1949) Publ. Hlth Rep. (Wash.), 64, 41
11. Beeman, E. A. (1950) Publ. Hlth Rep. (Wash. ), 65, 88
12. Bell, J. A., Beck, M. D. & Huebner, R. J. (1950) J. Amer. med. Ass. 142, 868
13. Berge, T. 0. & Lennette, E. H. (1953) Amer. J. Hyg. 57, 125
14. Bingel, K. F., Laier, R. & Mannhardt, S. (1952) Z. Hyg. InfektKr. 134, 635
15. Blanc, G. & Bruneau, J. (1949) Bull. Acad. nat. Med. (Paris), 133, 115
16. Blanc, G., Bruneau, J. & Chabaud, D. (1950) C. R. Acad. Sci. (Paris), 230, 474
17. Blanc, G., Martin, L.-A. & Maurice, A. (1947) Bull. Acad. nat. MMd. (Paris), 131,

138
18. Blanc, G., Martin, L.-A. & Maurice, A. (1947) C. R. Acad. Sci. (Paris), 224, 1673
19. Blanc, G. et al. (1948) Bull. Acad. nat. Med. (Paris), 132, 243
20. Blanc, G. et al. (1948) C. R. Acad. Sci. (Paris), 226, 607



804 M. G. P. STOKER & B. P. MARMION

21. Burgdorfer, W. (1951) Acta trop. (Basel), 8, 44 (Quoted by Weyer 121)
22. Caminopetros, J. P. (1948) Ann. Parasit. hum. comp. 23, 107
23. Caporale, G. (1950) Croce Azzurra, No. 5 (Communication to the Fourth Congress

of the Society of Veterinary Science)
24. Carley, J. G. & Pope, J. H. (1953) Aust. J. exp. Biol. med. Sci. 31, 613
25. Cox, H. R. (1940) Amer. J. trop. Med. 20, 463
26. Davis, G. E. (1940) Publ. Hlth Rep. (Wash.), 55, 1862
27. Davis, G. E. (1943) Publ. Hlth Rep. (Wash.J, 58, 984
28. Davis, G. E. & Cox, H. R. (1938) Pub!. Hlth Rep. (Wash.), 53, 2259
29. DeLay, P. D., Lennette, E. H. & DeOme, K. B. (1950) J. Immunol. 65, 211
30. De Prada, J., Gay, B. & Llorente A. (1950) Med. colon. 15, 131 (Abstracted in

Trop. Dis. Bull. 1950, 47, 533)
31. Derrick, E. H. (1937) Med. J. Aust, 2, 281
32. Derrick, E. H. (1944) J. Hyg. (Lond.), 43, 357
33. Derrick, E. H. & Smith, D. J. W. (1940) Aust. J. exp. Biol. med. Sci. 18, 99
34. Derrick, E. H., Smith, D. J. W. & Brown, H. E. (1942) Aust. J. exp. Biol. med. Sci.

10, 105
35. Derrick, E. H. et al. (1939) Med. J. Aust. 1, 150
36. Deutsch, D. L. & Peterson, E. T. (1950) J. Amer. med. Ass. 143, 348
37. Eklund, C. M., Parker, R. R. & Lackman, D. B. (1947) Publ. Hlth Rep. (Wash.)

62, 1413
38. Enright, J. B., Thomas, R. C. & Mullett, P. A. (1953) J. Milk Tech. 16, 263
39. Fiset, P. (1955) In preparation
40. Fonseca, F. et al. (1949) Rev. clin. contemp. 3, 1567
41. Fonseca, F. et al. (1951) Rev. clin. contemp. 5, 1-
42. Freeman, M. et al. (1940) Aust. J. exp. Biol. med. Sci. 18, 193
43. Freyche, M. J. & Deutschman, Z. (1950) Epidem. vital Statist. Rep. 3, 161 (Quoted

by Berge & Lennette 13)
44. Geigy, R. (1951) Bull. schweiz. Akad. med. Wiss, 7, 1 (Quoted by Weyer 121)
45. Giroud, P. (1951) Bull. Wld Hlth Org. 4, 535
46. Giroud, P. & Jadin, J. (1950) Bull. Soc. Path. exot. 43, 672
47. Giroud, P. & Jadin, J. (1950) Bull. Soc. Path. exot. 43, 674
48. Giroud, P. & Jadin, J. (1951) C. R. Acad. Sci. (Paris), 231, 86
49. Giroud, P. et al. (1953) Bull. Acad. nat. Med. 137, 29
50. Hengel, von R., Kausche, G. A. & Sheris, E. (1950) Dtsch. med. Wschr. 75, 1505
51. Huebner, R. J. & Bell, J. A. (1951) J. Amer. med. Ass. 145, 301
52. Huebner. R. J. et al. (1948) Publ. Hith Rep. (Wash.), 63, 214
53. Huebner, R. J. et al. (1949) Publ. H!th Rep. (Wash.), 64, 499
54. Institut Pasteur du Maroc (1948) Rapport sur le fonctionnement... annie 48, p. 3
55. Irons, J. V. et al. (1946) Publ. Hlth Rep. (Wash.) 61, 784
56. Irons, J. V. et al. (1952) J. Parasit. 38, 1
57. Jadin, J. (1951) Les rickettsioses du Congo Belge et du Ruanda-Urundi, Louvain

(Thesis) (Abstracted in Trop. Dis. Bull. 1951, 48, 879)
58. Jellison, W. L. et al. (1948) Publ. Hlth Rep. (Wash.) 63, 1482
59. Jellison, W. L. et al. (1948) Publ. H!th Rep. (Wash.), 63, 1611
60. Jellison, W. L. et al. (1950) Publ. Hlth Rep. (Wash.), 65, 395
61. Kilschsperger, G. & Wiesmann, E. (1949) Schweiz. Arch. Tierheilk. 91, 553
62. Kita9ka, M. & Takano, K. (1952) Jap. J. med. Sci. 5, 493
63. Kohls,, G. M. (1948) In: American Association for the Advancement of Science,

Rickettsial diseases of man, Washington, p. 83
64. Lennette, E. H. & Clark, W. H. (1951) J. Amer. med. Ass. 145, 306
65. Lennette, E. H., Clark, W. H. & Dean, B. H. (1949) Amer. J. trop. Med. 29, 527
66. Lennette, E. H., Holmes, M. A. & Abinanti, F. R. (1952) Amer. J. Hyg. 55, 254
67. Lennette, E. H. & Welsh, H. H. (1951) Amer. J. Hyg. 54, 44



SPREAD OF Q FEVER FROM ANIMALS TO MAN 805

68. Lennette, E. H. et al. (1951) Amer. J. Hyg. 54, 1
69. Lennette, E. H. et al. (1952) Amer. J. Hyg. 55, 246
70. Luoto, L. & Huebner, R. J. (1950) Publ. Hlth Rep. (Wash.), 65, 541
71. Malloch, R. A. & Stoker, M. G. P. (1952) J. Hyg. (Lond.), 50, 502
72. Mantovani, A. & Benazzi, P. (1951) Atti. Soc. ital. Sci. vet. 5, 1
73. Mantovani, A. & Benazzi, P. (1953) J. Amer. vet. med. Ass. 122, 117
74. Marmion, B. P. (1954) Trans. roy. Soc. trop. Med. Hyg. 48, 197
75. Marmion, B. P. & Stoker, M. G. P. (1950) Lancet, 2, 611
76. Marmion, B. P. et al. (1951) Monthly Bull. Minist. Hlth (Lond.), 10, 119
77. Marmion, B. P. et al. (1953) Lancet, 1, 503
78. McGurl, T. J. & Williams, J. P. (1948) Va med. Mon. 75, 225
79. Megaw, J. W. D. (1953) Trop. Dis. Bull. 50, 1186
80. Moscovici, C. (1953) R. R. Ist. sup. Sanita, 16, 232
81. Nauck, E. G. & Weyer, F. (1948) Z. Hyg. InfektKr. 128, 529
82. Oliphant, J. W. et al. (1949) Amer. J. Hyg. 49, 76
83. Parker, R. R., Bell, E. J. & Stoenner, H. G. (1949) J. Amer. vet. med. Ass. 114,

55, 124
84. Parker, R. R. & Davis, G. E. (1938) Publ. Hlth Rep. (Wash.), 53, 2267
85. Parker, R. R. & Kohls, G. M. (1943) Publ. Hlth Rep. (Wash.), 58, 1510
86. Parker, R. R. & Sussman, 0. (1949) Publ. Hlth Rep. (Wash.), 64, 1159
87. Parker, R. R. et al. (1949) Publ. Hlth Rep. (Wash.), 64, 1616
88. Payzin, S. (1948) Turk Ij. tecr. Biyol. Derg. 8, 116 (Abstracted in Trop. Dis. Bull.

1953, 50, 103)
89. Payzin, S. & Array, N. (1952) Turk Ij. tecr. Biyol. Derg. 12, 7 (Abstracted in Trop.

Dis. Bull. 1953, 50, 103)
90. Pearson, J. (1948-9) Proc. Linn. Soc. (Lond.), Part I, July
91. Perez Gallardo, F., Clavero, G. & Hernandez, S. (1949) Rev. Sanid. Hig. puibl.

(Madr.), 23, 489
92. Perez, Gallardo, F., Clavero, G. & Hernandez, S. (1952) Rev. Sanid. Hig. pu'bl.

(Madr.), 26, 81
93. Philip, C. B. (1948) J. Parasit. 34, 457
94. Philip, C. B. (1948) Publ. Hlth Rep. (Wash.), 63, 58
95. Price, W. H. (1954) Amer. J. Hyg. 60, 292
96. Queensland Health and Medical Services, Department of Health and Home Affairs

(1939) Annual report on the health and medical services of the State of Queensland,
1939, Brisbane, p. 54

97. Ransom, S. E. & Huebner, R. J. (1951) Amer. J. Hyg. 53, 110
98. Robbins, F. C. et al. (1946) Amer. J. Hyg. 44, 51
99. Rodaniche, de E. C. (1949) Amer. J. trop. Med. 29, 711
100. Shepard, C. C. (1947) Amer. J. Hyg. 46, 185
101. Shepard, C. C. & Huebner, R. J. (1948) Amer. J. publ. Hlth. 38, 781
102. Siegert, R., Simrock, W. & Stroder, U. (1950) Z. Tropenmed. Parasit. 2, 1
103. Sigel, M. M. et al. (1950) Amer. J. publ. Hlth. 40, 524
104. Slavin, G. (1952) Vet. Rec. 64, 743
105. Smith, D. J. W. (1940) Aust. J. exp. Biol. Med. Sci. 18, 103
106. Smith, D. J. W. (1941) Aust. J. exp. Biol. med. Sci. 19, 133
107. Smith, D. J. W. (1942) Aust. J. exp. Biol. med. Sci. 20, 213
108. Smith, D. J. W. (1942) Aust. J. exp. Biol. med. Sci. 20, 295
109. Smith, D. J. W. & Derrick, E. H. (1940) Aust. J. exp. Biol. med. Sci. 18, 1
110. Spicknall, C. G. et al. (1947) Ann. intern. Med. 27, 28
111. Stoenner, H. G. (1951) J. Amer. vet. med. Ass. 118, 170
112. Stoenner, H. G. & Lackmann, D. B. (1952) Amer. J. vet. Res. 13, 458
113. Stoker, M. G. P. (1950) Lancet, 2, 616
114. Stoker, M. G. P. (1953) J. Hyg. (London), 51, 311



806 M. G. P. STOKER & B. P. MARMION

115. Stoker, M. G. P. (1954) Trans. roy. Soc. trop. Med. Hyg. 48, 191
116. Stoker, M. G. P. & Marmion, B. P. (1955) J. Hyg. (Lond.) 53, 322
117. Stoker, M. G. P. & Thompson, J. F. (1953) Lancet, 1, 137
118. Taylor, R. M. et al. (1952) J. Egypt. pubi. Hlth Ass. 27, 123
119. Tendeiro, J. (1952) Febre Q, Bissdu (Publicacoes do Centro de Estudos de Guine

Portugue,sa, No. 16)
120. Welsh, H. H. et al. (1951) Publ. Hith Rep. (Wash.) 66, 1473
121. Weyer, F. (1953) Z. Tropenmed. Parasit. 4, 344
122. Wiesmann, E. (1952) Z. Tropenmed. Parasit. 3, 297
123. Winn, J. F. et al. (1953) Amer. J. Hyg. 58, 183


