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SYNOPSIS

Complement-fixation tests of sera from patients with mild
or obscure respiratory infections have shown that psittacosis
is more prevalent in man than the occasional dramatic outbreaks
had hitherto led one to suppose. In this paper, the author discusses
the epidemiology of the disease in humans with special reference
to the various sources of infection, which are now known to include
a number of non-psittacine birds-particularly, turkeys, ducks
and pigeons.
After reviewing the distribution of human infection, describing
the methods of diagnosing the infection in man and birds, and
outlining briefly the mechanism of immunity, the author proceeds
to the question of therapy with tetracycline compounds, which
have proved effective for the treatment of human psittacosis provided that they are administered soon enough and over a sufficiently
long period. He then deals with the public health aspects of the
disease and with the problem of control, pointing out the many
difficulties involved. Addition of tetracycline compounds to the
feed has been successful in eradicating the infection from a few
parakeet-breeding aviaries, but the results with parrots, pigeons
and turkeys have been less promising; it is hoped, nevertheless,
that a suitable chemotherapeutic method can be developed.
Finally, the author reviews briefly the known instances of
infection of mammals other than man with viruses of the psittacosis
group.

Psittacosis is the term used to define a generalized infection of man or
psittacine birds by a large elementary-body virus of the psittacosis/lymphogranuloma-venereum group. Ornithosis, regarded as an equivalent term
in the sixth revision of the International List of Diseases and Causes of
Death (World Health Organization, 1948) and as a synonym in the eighth
edition of Control of Communicable Diseases in Man (American Public
Health Association, 1955), is reserved for the same infection in other than
psittacine birds. Preoccupation with the psittacine aspect has recently
* Paper submitted to the Joint WHO/FAO Expert Committee on Zoonoses, August 1958
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been replaced by interest in the infection of poultry, both from a public
health and from an economic point of view. Acute ornithosis is at times a
severe disease of turkeys, pigeons and ducks. These true zoo-anthroponoses
have been and are the source of isolated and extensive group infections
among lovers of pets and among all occupational groups that come into
direct contact with overtly diseased birds or into indirect contact with
infective droppings or soiled feathers. Ninety-eight species (57 psittacine)
of birds belonging to nine orders and 20 families have been found to be
naturally infected (Meyer, 1958). In Argentina and Australia the infection
prevails in wild psittacine birds, and in the USA the abundant growth of
the trade in pet birds, particularly parakeets, after the Second World War
increased the incidence of human psittacosis from that source. As an
apparent or inapparent occupational disease among pigeon breeders,
poultry farmers and employees at poultry-processing plants, it is now
creating new problems. Fortunately the mortality rate has been lowered
by the use of the wide-spectrum antimicrobial drugs.
Distribution of Human Infection

According to the excellent statistical reports by Steele & Scruggs (1958)
and Andrews (1957), between 1952 and 1957, 135-500 cases were annually
brought to the attention of the health authorities in the USA. Over 98 %
of the clinically recognized infections were diagnosed on the basis of complement-fixation tests alone. Unfortunately in over half of the cases the
source of the infection was not investigated. In some instances the diagnosis
was made whenever the antibody titre rose, without regard to the patient's
history.
The routine use of the complement-fixation test with psittacosis antigen
has revealed that latent infection is more frequent and widespread than was
originally assumed on the basis of clinical, roentgenographic and limited
laboratory studies. In a survey of 5000 sera collected at random in Denmark,
370 (7.4%) gave positive complement-fixation reactions, in titres of from
1: 15 to 1: 960 or higher in the presence of a psittacosis antigen (Matthiesen
& Volkert, 1956). The number of cases reported annually in Denmark
varies from 12 to 29. At the Tropen Institut, Hamburg, 496 (17.4%) of
2844 sera reacted in titres of 1: 64 or higher (Weyer & Lippelt, 1956).
The official figures for the Federal Republic of Germany are: 1952, 14 cases,
no deaths; 1953, 65 cases, 2 deaths; 1954, 86 cases, 3 deaths; 1955, 121 cases,
data on deaths not available. These records re-emphasize that it is mainly
the severe and clinically typical cases which are reported to health authorities.
In surveys in South Australia, complement-fixing antibodies to viruses of
the psittacosis/lymphogranuloma-venereum group have been found to be
common among the general population. Titres of 1: 5 or higher were

PSITTACOSIS AND ORNITHOSTS

103

observed in 22 % of the sera of 607 people examined. Among the sera from
241 adult Eskimos in Canada, 33 gave titres of 1: 8 or less and 6 gave
titres of 1:16 to 1:128 (Hildes, Wiet & Stanfield, 1958). The prevalence
of trachoma and inclusion conjunctivitis introduced some doubt into the
interpretation of the results. According to recent studies, the serum of
patients with trachoma will react in the complement-fixation test with
psittacosis antigen. These Eskimos are known to eat the raw flesh of
birds, but no birds were tested since the central theme of the study was
respiratory-tract infections. It is believed that mild inapparent infections
of avian origin, without pneumonia, in fact without any of the recognizable
symptoms, were the cause of most of the positive complement-fixation
reactions in the adults. A few of the positive reactors were questioned;
none of these had direct contact with sheep or cattle. It is improbable that
the mammalian viruses of the psittacosis group were of importance, although
the question has been raised whether the virus could be carried in cow's
milk.
In areas where the infection rate in wild parrots is high, few people
can avoid direct or indirect contact with the source of infection. An investigation at a primary school in Adelaide, Australia, showed that 10 out of a
group of 14 gave positive reactions. The contact of these children with
birds had not been unusually close. None had pneumonia or conjunctivitis,
but all had suffered from a mild respiratory disease a few months before
their blood was tested. This investigation lends some support to the idea
that certain viruses of the psittacosis/lymphogranuloma-venereum group
are primarily human parasites and generally cause no more than a mild
respiratory-tract infection (Dane, 1955). On the other hand, the children
may have been in contact with a wild-parrot strain of low virulence or
they may have acquired immunity early in childhood. Recent reports
from Norway (Eng & Flottorp, 1957; Dalgaard, 1957) suggest human-tohuman transmission.
Psittacosis resulting from exposure to cage-birds has been reported from
Germany, Denmark, Switzerland, Great Britain and Japan. From the
published records it is not always clear whether cage-birds or pigeons were
the principal sources of infection in the Netherlands. In Italy and France
ornithosis is apparently endemic in an extra-psittacine reservoir, and gives
rise to human infections from time to time. The keeping of cage-birds as
pets is popular in Japan, and the serodiagnosis of eight cases of psittacosis
among persons in contact with pet birds, including pigeons, suggests that
the infection will be recognized more often there now that its existence has
been pointed out (Matumoto et al., 1958).
A glance at the accompanying table, prepared from published and unpublished records, makes it clear that poultry are now rivalling psittacine
birds as sources of infection. The 460 occupational infections recorded in
turkey-processing plants in the USA (in Texas, Oregon, New Jersey,
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Wisconsin and Washington) and the 27 observed more recently in Canada
have stimulated investigations of this new reservoir of infection. Where
turkeys were observed to have gross anatomical lesions on the viscera in
the form of a plastic exudate over the liver, air sacs and heart which teemed
with an ornithosis virus highly virulent for mice, the frank to mild clinical
attack rate among the exposed workers was found to vary from 20% to
70 %. The most common form is the pneumonic, but an influenzal type has
been encountered. The disease is not always benign, as the case-fatality

REPORTED FREQUENCY IN VARIOUS COUNTRIES OF HUMAN PSITTACOSIS
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C = number of cases
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rate (2.6 %) indicates. Delayed treatment with ineffective antimicrobial drugs
and complications such as hepatitis and myocarditis in older people
were responsible for the deaths. Inadequate treatment favoured relapses.
Some workers were infected more than once. Persistence of, or significant
rises in, the complement-fixation titres in personnel at turkey-processing
plants is attributed to subclinical reinfection. Workers on farms and home
processors of diseased turkeys, rendering-plant employees handling dead
birds and offal, and butchers eviscerating packaged poultry many weeks
after processing have all been known to contract psittacosis. The extent of
ornithosis in turkeys may be roughly gauged from serological surveys
carried out on samples of sera collected from flocks responsible for human
infections or in connexion with Salmonella pullorum tests. In areas where
the existence of ornithosis had been proved some flocks yielded 20%
reactors, with titres of 1: 8 to more than 1: 128. During acute epizootics
the reactor rate may rise within a few weeks to 80 % or more.
The statistical data in published reports attest to the world-wide prevalence of isolated infections (subclinical, mild and severe) among pigeon
fanciers and operators of pigeon lofts. Fatal infections in infants (Berman
et al., 1955) and occasionally in old people who spend a considerable time
in public parks cast suspicion on the vast reservoir of free-flying pigeons
as a public health hazard. The known frequency probably reflects the geography of diagnostic interest and facilities somewhat better than the geography of the infection. In the USA, the direct complement-fixation test
carried out on the sera of 4089 pigeons, either free-flying or from lofts,
yielded 1037 (25.4%) reactors, and attempts to isolate the virus from 2381
birds were successful in 448 (18.8 % of them). With the indirect complementfixation test, however, the reactor rate in adult pigeons was found to be 60 %
to 80%. In Europe and in Japan (Inaba et al., 1958) the serological findings
have been similar, but since the attempts to isolate the virus were made
mainly on pigeons suspected of being sources of human infections, the virus
was isolated in as many as 41.9 % of the birds examined. Ornithosis among
pigeons under domestication is a common infection causing high morbidity
but little mortality (Jansen, 1955). It has probably been the source of many
of the inapparent infections discovered in surveys on human sera.
As a means of measuring the prevalence of ornithosis in pigeon
populations the direct complement-fixation test is inadequate. Whenever no
direct complement-fixing antibodies can be found in a sample or flock,
the specimens should be subjected to the fixation inhibition and agglutination test before it is concluded that infection is absent. Epidemiological
experience has shown, however, that the sera of pigeons tested as possible
sources of human infections react more often than other pigeon sera to
the direct test, so that this test provides a relatively simple and rapid means
of detecting active infection in pigeon flocks. The chances of isolating the
virus from pigeons are greater when their sera react to the direct test.
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The mortality rate from co-existing ornithosis and salmonellosis among
squabs on commercial farms has reached 60% (Meyer & Eddie, 1955).
The occurirence of several hundred cases of psittacosis in Czechoslovakia
(Strauss, 1957) and of isolated cases in Austria (Fiirst, Kovac & Moritsch,
1957), the USSR and Germany (Mumme, 1955) among employees on
duck-raising farms or in duck-plucking establishments has focused attention
on another poultry source of human illness, first recognized in the USA
in 1944 and suspected in Great Britain. Despite the low death-rate (1.3 %
in 150 cases) the disease has been serious because of the long convalescence
in the age-group 40-60 years, and in 70 % of the women affected, owing to
involvement of the cardiopulmonary system (Strauss, 1957). Among
employees on duck farms the reactor rate in the complement-fixation test
has been as high as 800%. Young ducks in particular have been sources
of infection in man. In one epizootic in a flock of 2000 ducklings, 600 of the
ducklings died. It was thought that transmission possibly occurred through
contaminated eggs or through contact with infected black-headed gulls
(Larus ridibundus) roosting near the fishponds used for the breeding of
the ducks. The strains of virus isolated from ducks and from people
infected by the ducks differed in some biological and immunological
characteristics from the strains isolated from pigeons. The infection is not
acquired by man only through direct contact with diseased ducks; feathers
and offal or waste from duck farms may endanger persons only indirectly
or remotely connected with duck farms.
Viruses belonging to the psittacosis group have been isolated from
geese and pheasants, and the epidemiological relationship between these
birds and a few sporadic, serologically proven human cases has been
established. The public health importance of these sources cannot yet be
appraised.
Chickens have caused minor human infections proven by isolation of
the virus. The disease has been a benign occupational infection. Its benign
quality in some poultry suggests a balanced and probably long association.
There are differences between the psittacine and the poultry serotypes of the
virus. In a serum survey of 103 chickens held for experiments at the National
Institute of Animal Health, Japan, 16 of the sera gave indirect complementfixation titres of 1: 4 or higher (Morimoto et al., 1958).
It is known that in psittacine and sea-shore birds and in pigeons-and
in fact in all species that congregate in flocks and nest together-the infection
chain is maintained by the close association of infected adult birds with the
nestlings. But how it is maintained in incubator-hatched poultry is not
known. Transmission through the eggs is suspected but has not been proven.
The possibility that the virus is introduced into poultry flocks by sea-gulls,
pigeons or migratory birds has been seriously considered. It also seems
possible that the infection may be maintained on poultry farms through
contact between adult flocks and young birds. It seems likely that even if
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contact were not direct the virus could, independent of avian hosts, survive
in the desiccated droppings. Experience with certain Rickettsia and Brucella
suggests this mode of transmission. One of the most urgent problems is
to find out more about the natural history of the virus in incubator-hatched
birds.
Many passerine species have undoubtedly acquired psittacosis through
contact with parrots or parakeets. However, ornithosis has been found
in house sparrows in Australia (Dane & Beech, 1955), in orioles in
Germany (Mohr, 1954) and in starlings in the USA (Sperling, 1957).

Diagnosis
It is impossible to diagnose psittacosis or ornithosis in birds by clinical
or gross anatomical inspection. Any material suspected of harbouring
the psittacosis virus must be regarded as highly infectious and dangerous
to handle unless proper precautions are taken. Impression smears, prepared
from lesions on the air sacs, liver, heart and intestines, removed at autopsy
and properly stained by the method of Giemsa or Macchiavello, may
reveal the intracellular or extracellular elementary bodies. Material in which
the parasites are microscopically demonstrable is excellently suited for
isolation of the virus by inoculation of mice. The diagnosis cannot be
based on microscopic examination alone. If the virus cannot be seen under
the microscope, as is the case, for example, in latent infections, pieces of
spleen, liver and kidney from the suspected host are ground up to a paste
and diluted with broth to form a 20% emulsion. At least 0.5 ml of the
tissue suspension is injected intraperitoneally into at least four mice.
Attempts to propagate the virus directly from infected birds into the yolk
sac of the embryonated eggs are not always successful; sometimes the
virus has first to be enhanced by intraperitoneal mouse passage. Under
certain circumstances, however, when bacteria-free tissues are available,
the embryonated egg may lend itself to virus isolation more readily than
the white mouse (Strauch & Rott, 1958). The procedures have been fully
described by Meyer & Eddie (1956).
The complement-fixation test is valuable for the detection of psittacosis
or ornithosis in man and birds. The direct test detects antibodies in man
as well as in psittacine birds and occasionally in pigeons. The indirect
test must be used for the examination of the sera of turkeys, ducks, pheasants and pigeons. Standardized antigens of high potency should be made
available by official public health agencies to laboratories qualified to conduct these tests. Detergent antigens (Benedict & O'Brien, 1956) suitable for
direct complement-fixation tests should be further investigated, and the
procedure should be standardized.
The diagnostic value of a single test in surveys of either samples or entire
flocks has been questioned for the following reasons: (a) attempts to isolate
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the virus from the organs of birds with positive reactions are not invariably
successful; isolation may require many mouse passages, and this is rarely
attempted; (b) many birds with antibodies demonstrable by the direct
or indirect test fail to yield virus-in other words, the isolation rate is
likely to be lower than the reactor rate; (c) the virus may be isolated from
non-reactors (pigeons, turkeys, chickens).
Although isolation of the virus will remain the conclusive diagnostic
criterion in individual birds, particularly in epidemiological relation to
human infections, the complement-fixation tests are useful in that they
provide evidence of active infection in aviaries or poultry flocks relatively
simply and rapidly (Kissling et al., 1956). Data collected in the course of
numerous surveys indicate that the sera of flocks free from infection with
the psittacosis viruses rarely, if ever, react in dilutions of over 1: 2. Whenever
reactors with titres above 1: 16 to 1: 256 are encountered, the ornithosis
virus is active in the flock, and searching painstaking examination will
lead to the isolation of the virus in a variable percentage of the birds.
The agglutination tests, in particular the capillary-tube technique with
coloured elementary-body suspensions, have proved valuable in screening
turkey flocks in epizootic areas when the birds are in the acute phase of
the infection. Intradermal tests with crude detergent extracts of meningopneumonitis virus have also been used for this purpose (Benedict, 1957).
Immunity and Active Immunization

Resistance to the infection is innate, and is constitutionally reinforced
by a short-lived infection. Individual squabs, chicks, turkey poults, parrots
and parakeets may resist massive injections of virus, readily destroy it and
never become carriers, while others either succumb to small doses or
recover and continue to harbour the infective agent in their organs for
many months. Since constitutional factors determine the ability of the
birds to resist infection, it should be possible through selective breeding
to develop strains of birds that will not acquire a non-sterile immunity,
so eminent a source of persistent infection in aviaries and poultry flocks.
The use of formolized ovine foetal membranes infected with a psittacosis/
lymphogranuloma-venereum group virus emulsified in mineral oil was
first devised for active immunization against enzootic abortion of ewes
(McEwen & Foggie, 1956). It has since been shown that, in turkeys, inactivated virus suspensions incorporated in an adjuvant, and given in two or
three injections at monthly intervals, stimulated the formation of antibodies
demonstrable in the complement-fixation test. The resistance induced was
found to protect the turkeys against infections fatal to the controls and to
prevent the development of the extensive gross anatomical lesions which, in
epidemics, have been responsible for human infections. In these experiments,
the percentage of carriers among the vaccinated birds was observed to be
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lower than that among the controls. Extension of this experimental work
under field conditions is now in progress.

Chemotherapy
Chlortetracycline and tetracycline are the preferred antimicrobial drugs
for the treatment of human psittacosis. Prompt symptomatic improvement
is usually achieved when treatment is begun early with large doses (2 g
daily) and is continued for a long enough period. If the dose is too small
or treatment is discontinued too soon, relapse, which is common in this
disease, may occur.
Acute psittacosis in parakeets and parrots has been curbed by oral
administration of chlortetracycline in the feed in doses of not less than
100 mg/kg (Meyer et al., 1958). An interrupted schedule of treatment,
providing medicated feed at intervals over a given period and if necessary
repeated, has ultimately eliminated the carrier state in a parakeet aviary,
as proven by sampling of the F, to F4 generations. Psittacosis-free aviaries
have been developed in this way by conscientious breeders and maintained
through replacement only with infection-free breeding stock. The introduction of birds from untreated flocks with an unknown epizootic history
must be strictly avoided, to eliminate any possibility that the infection
will be reintroduced. The drug is conveniently administered orally, by
feeding hulled millet seeds impregnated with 0.5 mg of chlortetracycline
per g of feed. An interrupted schedule of offering the medicated feed
-three to five days of medicated feed followed by normal feed for one or
two days, over a period of a total of 30 days of drug intake-has brought
about complete, but not always immediate, cures. Success has been achieved
only by conscientious aviculturists who maintain high standards of sanitation
and isolation.
Several species of parrots have been successfully freed from virus by
feeding on the interrupted schedule a mash of boiled rice and " chicken
scratch" feed (maize, wheat and alfalfa meal) containing 10 mg of tetracycline per g. Two intramuscular injections of the drug in sesame oil
proved less efficacious than prolonged oral treatment.
Several field trials to eradicate ornithosis from squab farms with
tetracycline by injection or by oral administration of 80 mg per gallon
(about 20 mg per litre) of drinking-water for one month have been disappointing. Treatment has suppressed acute ornithosis temporarily, but
reinfection from the heavily infected environment and from carriers has
perpetuated the disease on the squab farms studied.
During a progressive epizootic among turkey flocks, it was found that
the birds improved clinically when treated orally with oxytetracycline or
chlortetracycline in the dose of 200-400 g per ton of feed. However, virus
was isolated from the treated turkeys when they were eviscerated after
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32-39 days of continuous medication. Systematic studies have shown that
the daily oral intake of only 11 mg/kg of chlortetracycline does not clear
the tissues of virus. When the daily drug intake was increased to 100 mg/kg
and the turkeys were given a low calcium diet containing 6 g of a chelating
agent (Versene or Sequestrin) per pound (about 13 g/kg) of feed, the
concentrations of antibiotic in the blood were raised to 2-7 pg per ml.
This mode of therapy assures adequate absorption of the drug. It is less
wasteful, but exceedingly expensive. Preliminary tests have indicated that
these concentrations may free the tissues of turkeys from the ornithosis
virus after treatment for 14 days. However, since the food intake of sick
turkeys is poor and irregular, it is anticipated that a variable percentage
of birds will not be cured and will therefore, even after being offered
medicated feed, constitute a risk to processing personnel. It has been
suggested that continuous feeding of antibiotics in low dosage might
prevent clinical turkey ornithosis caused by a virus of low virulence, but
might prove ineffective against the highly virulent strains. Further studies
must be conducted before the administration of antibiotics to turkeys
can be recommended as an ornithosis-control measure.
Public Health Aspects and Control Procedures
Psittacosis is of importance to the person who contracts it, to the
physician who must diagnose and treat it, and to the public health agency
obliged to cope with family outbreaks of a disease known to have had a
high case-fatality rate and to identify and limit the source of the infection.
However, the reported frequency, even in recent years, is not such as to
give psittacosis prominence among the infectious diseases, even if it is
taken into account that the figures are subject to the vagaries of underreporting. Psittacosis is an interesting, but minor, public health problem.
It must be treated with respect by the importers, breeders and distributors
of cage-birds, principally parakeets. The owners of poultry must also
recognize that their flocks may constitute a reservoir of ornithosis which
can spread to any person who eviscerates the birds, including flock tenders
and helpers and workers in processing-plants. Control of the source of
human infections has been attempted by (a) imposing restrictions on the
importation of members of the psittacine family and (b) regulating the
traffic in domestically bred and raised pet birds. Observations made
during the past 28 years have shown that mere quarantine is not a dependable measure. Consequently, in some countries, the commercial importation
of psittacine species has been prohibited by law or has been limited to
small consignments intended for zoological parks or special research.
These restrictions have had a favourable effect in many countries, but
in others they have stimulated illegal importation. Many parrots brought
into the USA either legally or illegally and seized by customs officials
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have been found to be infected with acute or latent psittacosis. Examination
of shipments at the end of the legally established quarantine period of
30 days has revealed the presence of newly infected as well as dead birds.
According to the present regulations in the USA, the entire shipment must
be destroyed if any evidence of the infection is found. This may entail
a great loss when rare birds are involved. One great hazard is that the
disease may not become evident during the quarantine period, but may
appear later, after the parrots have already been distributed to zoological
parks elsewhere. Illegally imported birds are frequently heavily infected,
because the birds are crowded in small cages that can be readily concealed
in automobiles. Because such birds never pass through any channels
of supervision or control, they constitute a serious reservoir of disease,
and are a potential danger both to the keepers and to the customers of
pet-shops. Enough is known to warrant the opinion that supervised
quarantine procedures could be developed for subjecting psittacine birds
to chemotherapy with medicated feed before importation, in the hope
of limiting the infection. Treatment for not less than 30 days with a mash
of boiled rice and chicken scratch containing 10 mg of tetracycline per g
has cured clinical psittacosis and freed the tissues from virus in nearly
96% of the parrots treated. A second course of treatment might give
better results. Recommendations must await the results of further study.
Since it is known that parakeets can be freed from psittacosis through
carefully supervised treatment with tetracycline compounds, administered
in the feed or by injection, procedures could now be adopted by the
psittacine-bird distribution industry for supplying the purchaser with
psittacosis-free cage-birds. The highest standards of husbandry must be
maintained, including particularly thorough cleaning of the quarters
before and after treatment and meticulous isolation of the birds during
treatment and thereafter from any contact with untreated birds or their
excretions or discharges. The medicated feed could be produced commercially, and the industry, with the guidance of health authorities, could
ultimately police its own control operations-a procedure that would be
more satisfactory and effective than prohibition and restriction by the
government at any level. If uninfected immature parakeets are distributed
and sold through pet-shops, one of the main problems of psittacosis will
be solved. The breeder, the shipper and the distributor between them must
ensure that the parakeets are treated with medicated feed before, during and
shortly after shipment. It is recommended that field trials be instituted
to test the practicability of such a control programme.
Official measures have been taken by the United States Department
of Agriculture to prevent the spread of ornithosis among poultry and to
protect the processor and consumer against the infection. The movement
of poultry, carcasses and offal from premises where the existence of ornithosis has been proved is prohibited in the USA. It is vital that the disease
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be recognized and reported promptly to responsible authorities. Poultry
pathologists must be familiar with the anatomical lesions and with the use
of dependable procedures for virus isolation.
Until the means by which ornithosis spreads has been learned, the
flock owner can only apply the general measures for the control of infectious
diseases. He should be informed about ornithosis through agricultural
authorities and trade journals. If, during the daily observation of his
flock, he finds evidence of disease he should at once isolate any sick birds
and submit dead birds to a poultry laboratory. This is very important,
because sick birds excrete the virus, and the environment can become
hopelessly contaminated as an epizootic progresses. Early isolation of
the sick birds might go a long way towards checking the spread of infection
throughout a flock. The purchase of started poultry is a means of introducing the disease into a flock. All breeders should make every effort
to secure or build up their replacements from flocks known to be free
from the infection. Immunization of the breeding stock may prove valuable.
Once the infection has been diagnosed, another difficult control problem
arises. Treatment with antibiotics in the feed or water does reduce morbidity
and mortality, but it is almost prohibitively expensive and still of uncertain
effectiveness. Experimental field trials are being undertaken with the object
of working out a therapeutic regimen that would ensure that the market
birds would harbour no virus. It has been suggested that the continuous
maintenance of flocks on feed containing antibiotics in low concentration
might exclude the virus from the tissues altogether. However, this would not
only be too costly, but also might encourage the development of drugresistant strains. On the other hand, administration of the drug by injection
would entail the handling of the entire flock, probably several times, and
would, in addition to its high cost, subject the injector to the risk of infection.
For the time being, if virulent ornithosis has been proved to exist on
a farm it is imperative to depopulate the entire premises in a manner to
be decided by the agricultural disease control agency in consultation with
the local or state health department. Dead birds should be disposed of
in some way that ensures that the virus will not be transmitted, either to
other birds or to man. Suitable methods have been described by Bodenweiser
& Peterson (1958). Until egg-transmission has been studied further, eggs
from infected flocks should be thoroughly disinfected and hatched in
separate incubators. At present, there are, in the USA, no restrictions on
the movement of eggs from infected flocks. Recently, however, hatchery
men have refused to handle eggs from farms where the infection has been
found. Since latent infection may be widespread, such men can have no
assurance that they are not handling eggs from flocks infected with an
ornithosis virus of low virulence that might increase in virulence. The poults
should be kept under observation and supervision by the poultry division of
the state department of agriculture. All poultry quarters should be
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thoroughly disinfected with hot lye solution after the infected flock has
been disposed of. It cannot be said at this time whether or not the virus
can survive in the soil from one growing season to the next. It might be
advisable to provide new grounds for the next flock.
The poultry industry should stimulate greater interest in the specific
diagnosis of poultry diseases, and it may be found necessary for a greater
number of diagnostic laboratories to include tests for ornithosis. This
already seems warranted. Any excess of serum samples collected for
Salmonella pullorum tests could be used. The existence of ornithosis can
be readily established through serum tests and examination of a few sick
birds. Although neither the clinical course of the disease nor the gross
lesions are characteristic enough to allow diagnosis without virus isolation,
or at least serological tests, the existence of a diarrhoeal or respiratory
infection causing exudation on organs of the peritoneal cavity should provoke suspicion. Agricultural agencies should insist that poultry inspection
services report any suspicious lesions observed on the processing line.
Any diagnostic laboratory that recognizes ornithosis in poultry
should at once notify the public health authorities so that they can warn
physicians in the area of the possibility of human infections. The flock
owner must be informed that he, his family, his flock tenders and anyone
who comes on the premises may be exposed to infection. The symptoms of
onset of the disease should be described, so that medical attention will be
sought early in the course. The care of a flock undergoing a severe epizootic
requires extra work, and this may lower the resistance of the tenders.
Unfortunately, the processing plant has often been the first point at
which the infection in flocks has been recognized, especially in the turkey
outbreaks. Ideally, if the infection had already been diagnosed on the farm,
processing-plant employees would never come into contact with the virus.
If the present trend continues, with high infection rates among such
employees, the plants can be expected to refuse to process flocks in which
the infection is suspected rather than subject their personnel to the risk.
If plants were to send out inspectors to observe the flocks before they
were moved from the farms, signs of the infection-droopiness of the birds,
and evidence of extensive diarrhoea in yellowish droppings-might be
detected. Although the infection is not always accompanied by such signs
the search for them is a necessary part of the inspection. General sanitation
and ventilation in the plant might lower the risk of infection, but the
exposure in certain phases of the processing is likely to be extensive. If the
flock is to be processed despite the suspicion of infection, the personnel
must wear masks and take pains to minimize distribution of the infective
particles adherent to the wings and in the organs; in particular, the exudates
and faeces should be regarded as highly infectious.
The protection of home processors is considerably more difficult, but
this group of people should be observed, especially after processing plants
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have rejected flocks, since unscrupulous poultry raisers are then liable to
dispose of their birds in any way possible.
Unfortunately, most of the processors will already have been exposed
by the time the diagnosis is made. In such cases, the personnel must be
informed of the possibilities and all physicians in the area must be notified.
Now that effective treatment is possible this should prevent serious illness
and death. In the past, the difficulty has been that the infection has sometimes not been recognized until after several people have died of psittacosis
pneumonitis.
With regard to the protection of rendering-plant employees-truck
drivers and plant workers-one problem is how to prevent the formation
of heavily infected aerosols during plant operations. The virus is destroyed
within 31/2 to 5 minutes at 132.8°F (56°C), so after proper cooking the
by-products could be considered safe. The employees should be under
public health supervision, and their immunity status should be determined
through serological tests. The wearing of masks and gloves has been
advocated, but this method of protection has not been carefully evaluated.
Rendering plants should install any special equipment needed to minimize
the risk of infection, and should be well ventilated, the ventilation system
being so constructed as to constitute no danger.
So far as is known the infection has not been contracted through ingestion.
The danger of infection in market poultry lies in the eviscerating, and it is
possible that the disease could be contracted during the dressing of even a
frozen bird. The American Public Health Association has recommended
that the sale of birds from which the viscera have not been removed be
prohibited; if this recommendation were followed, the persons who prepare
the birds for the table would be protected. The finding of antibodies
against psittacosis-group viruses in people who have had no known contact
with psittacine birds suggests that poultry dressing may have introduced
the infection, which went undiagnosed. It is fairly certain that ornithosis
has been prevalent on pigeon and duck farms for some time, and doubtless
thousands of infected birds have been distributed through commercial
channels without causing recognized harm to the consumer. But the
proportion of cases of unknown origin remains high.
Ornithosis is of growing interest to large groups of people-the consumers, the flock owners, the poultry industry, agricultural agencies,
poultry processors, labour unions, insurance companies, health agencies
and biologists.

Mammalian Infections by Viruses of the Psittacosis Group
That viruses of this group can infect mammals other than man is
becoming increasingly evident (Wenner, 1958). The number of susceptible
species is growing, and more will probably be discovered. The viruses
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can cause destructive animal diseases; there are only two known human
infections, both contracted in the laboratory (enzootic abortion of ewes
in Great Britain and bovine encephalomyelitis in California).
1. Meningopneumonitis virus has been recovered from ferrets inoculated with throat washings obtained from cases of suspected influenza
(Francis & Magill, 1938).
2. Mouse pneumonitis virus is indigenous to certain stocks of laboratory
mice (Gonnert, 1942; Nigg, 1942; Karr, 1943; Nigg & Eaton, 1944).
3. A psittacosis-group virus has been detected in the lung suspensions
of unweaned hamsters, inoculated with throat washings from human
beings with upper-respiratory-tract infections (Kempf, Wheeler & Nungester,
1945).
4. Feline pneumonitis is a highly infectious virus disease of cats
(Thomas & Kolb, 1943; Baker, 1944).
5. Viruses of the psittacosis group have been isolated from fatal
infections of the common opossum (Didelphis paraguayensis) and the
woolly opossum (Caluremys laniger) and from the pneumonitis lesions
of the brown-masked opossum (Metachirus medicaudatus) (Roca-Garcia,
1949).
6. Bovine enteritis virus has been detected in the faeces of apparently
normal calves in the USA (York & Baker, 1956) and Japan (Kawakami
et al., 1955).
7. Bovine encephalomyelitis, a virus disease of calves characterized
by fever, anorexia, depression, inactivity and paralysis, has attracted
attention in the USA (Menges, Harshfield & Wenner, 1953; Wenner
et al., 1953) and Japan (Omori, Ishii & Harada, 1953; Matumoto et al.,
1955). Epizootiological observations indicate that encephalomyelitis
represents an interesting complication of a more generalized and usually
minor infection. A serological survey indicated a fairly widespread infection
particularly in, but not confined to, herds in which the disease made its
appearance. Most of the cattle tested had experienced infection from
which they recovered. By adult life 50 % or more had acquired groupspecific antibodies. Gerloff & Lackman's figures for the north-western
states in the USA in 1954 ranged between 7 % and 40%. The figures given
by Omori and his associates in Japan ranged between 8 % and 100%
8. Bovine pneumonitis virus has been isolated in Japan (Matumoto
et al., 1955) from the bronchopneumonic lesions found in milk cows
imported from the USA, Australia and New Zealand. The causative
agent has been isolated and described independently by several workers.
The clasgical features of encephalomyelitis have been reproduced with
difficulty in calves inoculated intracerebrally or by extraneural routes;
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the visceral manifestations commonly encountered in the naturally occurring
disease are reproducible. Omori and his group had somewhat better
success than Wenner and his co-workers in provoking injury of the tissues
of the brain and spinal cord of calves. The virus grows readily in embryonated hens' eggs. It is pathogenic for guinea-pigs by the intraperitoneal
route, but is less pathogenic for mice than are most mammalian strains.
9. Enzootic abortion of ewes in Great Britain is most often encountered
in first and second lamb ewes, although age per se is no proof against
infection. In most cases abortion occurs during the last two or three weeks
of gestation, but it may occur earlier. The frequency of abortion varies;
it is usually around 5%, but among young ewes, and particularly when
the disease appears in a clean flock, it may approach 25-30% for several
years. If the number of stillborn, weakly or premature lambs were taken
into account, the above figures might be doubled. The foetal membranes
contain pathognomonic lesions, as does the aborted foetus. The cotyledons
of the chorion are necrotic and tinged with a reddish to dusty-pink discharge. The pathogenesis of the disease is incompletely defined. The virus
can be detected in uterine discharges before and after abortion. In all
likelihood the naturally occurring infection takes place prior to pregnancy.
Active immunization with inactivated yolk-sac virus in adjuvant has greatly
reduced the incidence of abortion. (Stamp et al., 1950; Stamp, 1951;
McEwen et al., 1951; McEwen & Foggie, 1956.)
10. Ovine pneumonitis virus has been found in lesions in the lungs
of sheep. Whether it is the same virus that causes ovine abortion remains
to be learned. In Idaho, 16% of a tested group of sheep gave positive
complement-fixation reactions with psittacosis antigen (McKercher, 1952).
11. Goat pneumonitis virus has caused outbreaks in Japan since 1950.
Treatment with tetracycline compounds has been effective. (Omori et al.,
1953; Ishitani et al., 1953a, 1953b; Ishii et al., 1954; Omori et al., 1955,
1956, 1957.)

RESUMt
La psittacose ne s6vit pas seulement sous forme d'epidemies violentes st sporadiques,
mais semble affecter l'homme plus fr6quemment qu'on ne le pensait. La reaction de fixation du compl6ment appliqu&e aux serums de personnes pr6sentant des affections respiratoires benignes ou d'origine imprecise, le laisse supposer. On est donc A la recherche
d'un critere de l'infection. Au cours des cinq dernieres ann6es, d'autres oiseaux que les
psittacid6s, en particulier les dindons et les canards, ont ete reconnus porteurs de l'infection, et la lutte est d'autant plus difficile que l'infection revet chez les oiseaux une forme
chronique. Le pigeon que l'on rencontre partout, sauvage ou domestique, eleve comme
oiseau d'ornement, pour sa chair ou pour la chasse, est egalement vecteur du virus de la
psittacose, et en raison meme de son ubiquite, quasi incontr6lable.
L'examen clinique ou anatomique simple ne permet pas de poser le diagnostic de
psittacose chez les oiseaux. Des pr6parations microscopiques des lesions des sacs aeriens,
du foie, du coeur et des intestins peuvent permettre de voir les corps 61ementaires intra-
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ou extracellulaires. Le test de fixation du complement est utile dans les enquetes epidemiologiques, pour deceler l'infection chez l'homme et en rechercher l'origine chez les animaux.
I1 donne rapidement une indication sur la presence de l'infection dans les etablissements
avicoles.
La resistance a l'infection est innee. Elle peut etre renforcee par une infection de courte
dur&e. Certains oiseaux peuvent resister a des infections massives de virus, les detruire
et ne pas rester porteurs, alors que d'autres succombent ah de faibles doses, ou guerissent
tout en h6bergeant le virus pendant des mois. Puisque la resistance semble liMe a des
facteurs constitutionnels, on peut envisager l'elevage de races resistantes, mais non
porteuses de virus, sources constantes d'infection pour l'homme. La vaccination des
dindons par du virus inactive additionne d'un adjuvant stimule la formation d'anticorps
fixateurs du complement, protege les animaux de l'infection et evite le developpement
des lesions anatomiques par lesquelles l'homme s'infecte.
La chimiotherapie donne quelques espoirs, bien qu'aucune methode pratique de
traitement ne soit encore au point. La tetracycline appliquee avec precision et discemement a supprime l'infection dans certains etablissements d'e1evage de perruches; mais
le traitement de dindons, de perroquets ou de pigeonneaux, au laboratoire et dans la
pratique, a donne jusqu'ici des resultats decevants.
La psittacose qui n'occupe qu'une place secondaire parmi les maladies infectieuses,
menace l'homme qui entre en contact avec l'une des 98 esp&ces d'oiseaux chez lequelles
on a rencontre le virus. Les personnes les plus exposees sont les oiseleurs, ceux qui capturent les oiseaux sauvages, ceux qui les elevent, les vendent, les achetent ou preparent
pour la consommation les oiseaux de basse-cour.
Une cooperation doit s'etablir entre les groupements interesses et a divers niveaux
(importation, elevage, vente au consommateur), afin de prevenir non seulement l'infection
chez l'homme, mais les pertes considerables qu'elle cause aux eleveurs de dindes et de
canards.
Des virus du groupe de la psittacose peuvent affecter d'autres mammiferes que
l'homme. Onze d'entre eux ont e isoles chez la souris, le hamster, le chat, l'opossum, les
bovins, ovins et caprins.
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