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Previous reports (1 to 7) have indicated that
some of the more severe forms of atypical pneu-
monia may be caused by any one of a group of
viruses related to psittacosis and meningopneu-
monitis. In several instances (I to 5, 14), virus
has been isolated from the patient. More often,
however, the diagnosis has been made on the
basis of the complement-fixation test which dis-
tinguishes this group of infections from other
primary atypical pneumonias, but fails to dif-
ferentiate between the individual viruses within
the group.
This paper will present data on 10 cases of

atypical pneumonia due to psittacosis-like viruses
in which the etiology was determined by isolation
of the virus and by serological tests, and 2
related cases which apparently were sources of
infection. The strains of virus isolated fall into
2 types, one of which probably originated in
pigeons and is designated pigeon ornithosis virus
(2, 8, 10), the other being of unknown origin, but
probably identical with the strains isolated in
1940 (1) and designated S-F. A laboratory in-
fection due to the meningopneumonitis virus (9)
is also described.

CLINICAL AND EPIDEMIOLOGICAL FINDINGS

Cases due to pigeon ornithosis virus. Four
naturally occurring infections with pigeon omi-
thosis virus were studied. All of these gave a
history of contact with pigeons, though in one
case this contact was very transient. All 4 cases
were severe, presenting the picture of systemic
infection with broncopneumonia of variable
extent, and 2 terninated fatally. One death was
peculiar in that it occurred after the infection
had apparently subsided and presumably was
due to the age and cardiovascular status of the
patient. The other death occurred in a patient

1The studies and observations on which this paper is
based were supported by the International Health Division
of The Rockefeller Foundation.

with fulminating infection and rapidly extending
bronchopneumonia. The clinical, epidemiolog-
ical, and laboratory data from these cases are
summarized in the first part of Table I. The
virus of pigeon ornithosis was isolated in our
laboratory from the sputums of all 4 patients,
and in 2 cases, a similar virus was isolated by
Dr. K. F. Meyer from the pigeons in the flocks
presumably responsible for infection of the
patients.

Case 1 (Figure 1). B. S., male, 63, became ill on May
7, 1942, complaining of sore throat, cough, headache, chills,
anorexia, and diarrhea. On May 11, he was admitted to
Mt. Zion Hospital. Temperature was 1060 F., pulse 120,
irregular, respirations 24, blood pressure 132/82. Physical
examination showed an elderly male of poor nutrition who
was irritable and uncooperative. The pharynx was beefy
red. Scattered r1les were heard at the right base. The
spleen was felt at the costal margin.

Laboratory findings: White blood count was 6,200.
Urine contained albumin (+). Chest x-ray showed an
area of uniform greyness in the L.U.L. which was inter-
preted as "virus pneumonia." E.C.G. showed auricular
flutter and fibrillation. Routine bacteriological and sero-
logical tests were negative. White blood count fell to
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FIG. 1. CASE DUE TO PIGEON ORNITHOSIS VIRUS
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TABLE I

Summary of cases

Virus Complement
Case Dura- Height isolated* fixation
num- Name Age Sex tion of of White blood cells Epidemiology
ber fever fever Day of Dy of Tie

iDllanYewf Type illness Titer

years days 0 F.
1 B. S. 63 M 25+ 106 3,200 to 6,200 12 P.O. 25 >1: 32 Pigeon contact. Similar vi-

rus recovered from other
birds in flock

2 M. P. 38 M 35 105.2 5,600 24 P.O. 31 >1: 256 Transient pigeon, parrot,
46 >1: 256 and chicken contact. Bird

sera negative by C-F test

3 A. B. 36 F 20 104.3 8,450 9 P.O. 9 1: 32 Fed flock of wild pigeons

4 R. C. 48 M 13+ 105.6 7,200 to 10,000 8 P.O. 9 1: 4+ Pigeon contact. Cleaned
loft 2 weeks before onset of
illness. Similar virus from
pigeons

5 M. C. 24 F 16 104.4 9,000 8 M-P pre 0 Laboratory infection
25 1: 32

6 J. P. 54 M 14+ 107 6,000 to 7,900 Source of infection undeter-
mined

7 L. S. 53 F 13+ 105.8 12,200 to 5,800 13 S-F Nurse. Contact with Case 6
(lung-
spleen)

8 N. F. 35 F 13+ 105.4 8,850 to 27,560 13 S-F Nurse. Contact with Case 6
(lung)

9 H. P. 29 M 14 105.2 6,300 to 10,500 8 S-F pre 0 Laboratory infection
21 1:16

10 M. B. 42 F 15 103.6 11,000 14 S-F 8 1 : 16 Laboratory infection
17 1:128

11 M. M. 35 M 14+ 105 6,200 Source of infection undeter-
mined

12 M. D. 53 F 13+ 105.8 8,700 to 10,400 13 S-F 10 1 : 8+ Nurse. Contact with Case
(lung) 11

+denotes fatal case.
* P.O. = Pigeon ornithosis virus; M-P= meningopneumonitis virus; S-F = pneumonitis virus identical with type strain

S-F. Viruses isolated from sputum unless otherwise noted.

3,200 on May 22. X-rays taken on May 14 and May 21
showed an extension of the infiltration in the L.U.L., but
no spread to other lobes.

Course: The patient ran a severe febrile course with
frequent chills. Temperature ranged from 101° to 1040 F.
from the 9th to the 21st day. Auricular fibrillation con-
tinued, but the ventricular rate was controlled by digitali-
zation. Sputum became copious and was at times rusty
in character. He became incontinent on May 15 and
irrational on May 19. From that time on he refused to
take food. A right-sided parotitis complicated his illness
between May 18 and May 24. Despite his cardiac status
and poor nutritional state, the patient's temperature
gradually fell and reached normal on May 28. Chest

findings cleared. He remained irrational and on May 30
became markedly worse and died on May 31, 1942.
Autopsy findings: Postmortem examination was remark-

able for the paucity of positive findings. Small amounts
of clear fluid were found in both pleural cavities. There
was no consolidation in either lung, nor was there evidence
of pulmonary embolus. The spleen was enlarged to three
times normal size and on section was greyish-red in color,
pulpy in character. Microscopic examination of lung sec-
tion taken from the L.U.L. showed thickening and fibro-
plastic proliferation in the interstitial tissue, areas of
atelectasis, flattening of bronchiolar epithelium, and scat-
tered aggregates of large and small round cells. The serous
exudate in the alveoli was entirely devoid of nucleated cells.
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Isolation of virus: The virus of pigeon ornithosis was iso-
lated from sputum obtained on the 10th day of disease, but
efforts to recover the same agent from lung and spleen tis-
sue obtained at autopsy were unsuccessful.

Epidemiology: Shortly before the onset of his illness,
B. S. had obtained 4 pigeons with the intention of eating
them. The birds were not alive at the time of investiga-
tion and were presumably eaten. Other members of his
family did not become ill. Three pigeons of the flock from
which B. S.'s pigeons originated were examined by Dr.
Meyer at the Hooper Foundation. From the livers and
spleens of 2 birds, the virus of pigeon ornithosis was iso-
lated. Dr. Meyer has very kindly allowed us to use this
strain in cross-immunity tests to be described later in this
paper. It was further learned that the original owner of
this flock, J. C., male, 60, had died on April 19, 1941 as
the result of an atypical pneumonia. The exposure to
presumably infected birds and the nature of his illness offer
suggestive, though by no means conclusive, evidence that
he also was infected with the virus of pigeon ornithosis.

Case 2. M. P., male, 38, noted malaise, fever, and cough
on May 7, 1942 and was admitted to the hospital about one
week later. Chest x-ray showed pneumonic infiltration in
the right hilar region. For 3 weeks, the patient remained
seriously ill, running a high spiking fever. Temperature
reached normal on June 11, 1942. Convalescence was slow
but uneventful.

Epidemiology: Two weeks prior to the onset of his illness,
M. P. had visited a relative who owned a parrot, 8 pigeons,
and 8 chickens. His visit lasted one-half hour. He did
not handle any of the birds. With his wife, he picked and
later ate some lettuce planted close to the pen in which the
pigeons were kept. All the birds appeared healthy.
All pigeons and chickens were bled and failed to show
complement-fixing antibodies to psittacosis virus. Ac-
cording to Meyer, however, this does not exclude latent
infection. The evidence that M. P. acquired his infection
during this visit is suggestive only.

Case 3. A. B., female, 36, became ill on July 3, 1942,
complaining of malaise, fever, and cough with bloody
sputum. She was admitted to the hospital on July 5.
Physical examination showed an acutely ill patient with an
extensive bronchopneumonia. On July 7, marked dyspnea
and cyanosis were noted. Dyspnea persisted throughout
the serious phase of her illness. Following a week during
which the patient's temperature ranged between 102.60 and
104.30 F. and her condition appeared critical, gradual im-
provement occurred. Temperature remained normal after
July 22, 1942.

Epidemiology: For a considerable period, A. B. had fed a
flock of wild pigeons from the back window of her apart-
ment, the closeness of contact being undetermined. It was
impossible to obtain any of the birds for study.

Case 4. R. C., male, 48, became ill suddenly on March
19, 1943, complaining of generalized aches and pains, sore
throat, "terrific" headache, nausea, and vomiting. He
was admitted to the hospital on March 23. Temperature
was 103.20 F., pulse 88, respirations 22. On physical
examination, he appeared acutely ill. Pharynx was ex-

tremely red and bronchial breathing was noted over
R.M.L. and L.L.L. Severe chills occurred repeatedly.
Cough was severe and produced blood-tinged sputum.
Abdominal distention was troublesome. Temperature re-
mained between 1020 and 105.60 F. Respirations rose
steadily and exceeded 30 during the second week of ill-
ness. X-ray on March 24 showed an infiltrating lesion
in the L.L.L. with accentuated bronchovascular markings
throughout. On March 31, the pneumonic infiltration had
spread and areas of increased density were observed in the
R.U.L., R.M.L., and scattered throughout the left lung
field. On March 28, the patient became irrational. Pulse
rate, which had remained below 110, rose rapidly. Death
occurred on April 2, 1943. Autopsy was not performed.

Isolation of virus: Sputum obtained on March 29, 1943
was inoculated intranasally into 2 cotton rats. Both ap-
peared ill on the second day. One was sacrificed on the
4th day and showed extensive pulmonary infiltration. Im-
pression smears of the lungs contained numerous elemen-
tary bodies. Passage in mice showed that the strain had
the properties of the pigeon ornithosis virus.

Epidemiology: In December 1942, R. C. acquired 32
pigeons which he kept in a shed behind his house. Two
weeks before the onset of his illness, he cleaned the shed
for the first time, removing all the dry and dusty droppings.
Seven pigeons were obtained and taken to Dr. Meyer for
testing. Six of these showed strongly positive complement-
fixation tests for psittacosis and virus was recovered from
6 birds. None of the 4 other members of the family, who
had only casual contact with the pigeons, showed evidence
of infection or significant elevation of complement-fixation
titer.

Cases not related to contact with birds. These
include 3 cases in nurses and 3 laboratory in-
fections. The data on these 6 cases and 2
related cases are summarized in Table I.

Case 5. M. C., female, 24, a laboratory technician, be-
came ill on March 20, 1942 with chills, fever, malaise,
cough, and severe headache. The course was milder than
in any of the other cases and there was very little clinical or
x-ray evidence of pulmonary involvement. M. C. had
been using meningopneumonitis virus grown in chick em-
bryos for complement-fixation tests, but had no known
contact with birds. A virus indistinguishable from
meningopneumonitis and pigeon ornithosis was isolated
from sputum by intranasal inoculation of cotton rats
and mice.
The strain of virus designated S-F was originally isolated

from 2 nurses who presumably became infected while tak-
ing care of a patient with an atypical pneumonia. Brief
descriptions of these cases were presented in the original
report (1). Clinical data, however, were not presented
but are of sufficient interest to warrant a brief summary
here.
Another patient-to-nurse infection occurred in 1942 and

a virus identical with the original S-F strain was again
isolated. In addition, there were 2 laboratory infections
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with this strain which differed from the naturally occurring
cases only in the fact that they were somewhat less severe.

Case 6. J. P., male, 54, became ill on March 5, 1940 and
was admitted to the hospital on March 8. X-ray showed
bronchopneumonia at the right base. Blood culture was
negative. Fever remained high and no effect was noted
following treatment with sulfapyridine. The patient died
on March 18, 1940. Autopsy was not performed and no
sputum or blood specimens were obtainable.

Case 7 (Figure 2). L. S., female, 53, a general duty
nurse on the floor on which J. P. was a patient had numer,

Cafe 7. LO5i,, 53 0noet 3-25-40 5-F strain

FIG. 2. CASE DUE TO S-F STRAIN, NOT RELATED
TO CONTACT WITH BIRDs

ous opportunities for exposure between March 8 and March
12, 1940. She became ill suddenly on March 25, com-

plaining of severe frontal headache, nausea, dull abdominal
pain, and a severe chill which lasted 10 to 15 minutes. On
admission to the hospital on March 26, temperature was

101.80 F., pulse 86, respirations 24. Physical examination
was entirely negative. White blood count was 12,200
(polymorphonuclear leukocytes 88 per cent). X-ray
showed an area of increased density in the upper right
lung field which was interpreted as an area of broncho-
pneumonia. Blood culture was negative. The patient's
course was extremely stormy, with temperature for the
most part between 1030 and 105.80 F., pulse 86 to 110,
and respirations, during the second week, consistently over
42. Death occurred on April 7, 1940.
Autopsy showed a lesion involving most of the right

upper lobe, the tissue being rather solid, but still slightly
crepitant and greyish-red in color. A thin fibrinous exu-

date covered the pleura. Spleen was large and soft. On
microscopic examination, the pulmonary alveoli were found
to contain a loose exudate of fibrin with only moderate
numbers of cells. In most areas, large mononuclear cells
predominated with scattered areas of hemorrhage and very
few lymphocytes or polymorphonuclear leukocytes. Many
macrophages were loaded with pigment probably derived

from hemoglobin. Parts of the involved lobe contained a
denser, more cellular exudate with relatively larger num-
bers of polymorphonuclear leukocytes. The pathology in
this case was very similar to that of psittacosis (11) and
also to certain other virus pneumonias not caused by
psittacosis-like agents. A psittacosis-like virus (strain
S-F) was isolated from lung and spleen (1) obtained at
autopsy.

Case 8. N. F., female, 35, was a relief nurse who had
brief exposures to J. P. between March 8 and March 18,
1940. On March 25, she noted severe headache and
anorexia. She was admitted to the hospital on March 27
and died on April 7, 1940. Clinical course and postmortem
findings were very similar to Case 7 except that on physical
examination, stiffness of the neck and Kernig's sign were
observed.
Of 3 special nurses who cared for J. P. from March 12

to March 17, 1940, one, B. M., female, 35, became ill with
a pneumonia similar to those described, but recovered after
a prolonged illness. Clinical information was not obtained
and etiological studies were not done. Complement-
fixation test with psittacosis antigen was positive in a
dilution of 1: 256 following recovery.

Epidemiology: J. P. died as the result of a pneumonia of
undetermined etiology. No history of contact with
psittacine birds or with pigeons was obtained. Three of
15 nurses who cared for him acquired similar infections, 2
terminating fatally.

Cases 9 and 10 were laboratory infections which occurred
during investigation of the S-F virus.

Case 9. H. P., male, 29, noted weakness on August 10,
1940. On August 11, he became acutely ill with headache,
malaise, chill, and fever. He was admitted to the hospital
on that day.. Temperature was 103.20 F., pulse 94,
respirations 24. Physical examination showed a flushed,
feverish patient. Pharynx was moderately inflamed.
Chest examination was negative.

Course: Temperature remained high, ranging from 1020
to 105.20 F. Cough with scanty sputum was noted on
August 12. Moist rales were heard at the left base on
August 16. On August 19, marked prostration, lethargy,
and incontinence were observed. Chest examination
showed dullness, tubular breath sounds, and showers of
riles at the left base. On August 20, 100 cc. of serum from
a patient convalescent from a similar illness (the nurse
B. M., connected with Cases 6, 7, and 8) was given intra-
muscularly. Marked improvement was noted the follow-
ing day. An additional 50 cc. of convalescent serum was
given on August 22. The patient's temperature fell to
normal on August 23, 1940, and remained normal there-
after. Recovery was fairly rapid.
X-ray on August 16 failed to show evidence of pneu-

monia. On August 20, chest x-ray showed a large patch
of pneumonia at the left base. On August 23, this area of
infiltration had almost entirely cleared.

Case 10. M. B., female, 42, became ill suddenly on
August 15, 1940, 4 days after H.P. Her complaints were
severe backache, chill, fever, headache, nausea, and vomit-
ing. On August 18, she began to have non-productive
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cough and aching pains in the left chest and shoulder. On
August 22, she was admitted to the hospital. Temperature
was 1010 F., pulse 120, respirations 30. Physical examina-
tion showed a moderately ill patient with evidence of
bronchopneumonia in the L.L.L.

Course: Following 6 stormy days during which tem-
perature rose to 103.60 F., the patient's condition gradually
improved. Temperature reached normal on August 29,
1940, and remained normal apart from a spike of fever on
September 3. Convalescent serum from a patient who had
recovered 5 months previously from a similar illness and
from a normal donor with high antibody titer for psitta-
cosis was given intramuscularly, in small daily doses, from
August 23 to August 25, 160 cc. in all. No clear-cut effect
was noted. Convalescence was extremely slow and was

complicated by severe neuritis and arthritic pains.
X-ray on August 22 showed bronchopneumonia in the

L.L.L. Later films showed a migratory type of pneu-

monia, involving in succession the midportion of the left
field, the left base, and the right hilar region. By Sep-
tember 3, these areas had cleared for the most part, but
new areas of infiltration were noted at the right base.

Case 11. M. M., male, 35, was admitted to the hospital
on January 28, 1942, suffering from an extremely severe

diffuse bronchopneumonia of approximately one week's
duration. His temperature ranged from 103.80 to 1050 F.
White blood count was 6,200. Sulfonamide drugs were

given without benefit. He failed rapidly and died on

February 3, 1942. Autopsy was not performed.
Case 12. M. D., female, 53, a nurse, was in contact

with Case 11 from January 28 to February 3, 1942. On
February 10, she suddenly became ill with high fever, re-

peated severe chills, headache, anorexia, nausea, vQmiting,
and cough. Sputum was very scanty. Her condition
rapidly became worse and she was admitted to the hospital
on February 17. At that time, temperature was 1050 F.,
pulse 84, respirations 24, blood pressure 160/80. On
physical examination, the patient appeared seriously ill,
though lying quietly flat in bed with only slight dyspnea.
Pharynx was injected. Chest examination showed dullness
at the left base and bronchial breath sounds and moist riles
over the whole left side. Spleen was not felt.

Laboratory findings: Urine showed a heavy trace of
albumin. Sputum, obtained by throat swab, showed no

pneumococci, but a heavy growth of hemolytic staphylo-
coccus aureus. X-ray on February 17 showed a moderate
amount of fluid in the left costophrenic angle, a diffuse
patchy bronchopneumonia of the whole left lung, and a

small amount of patchy pneumonia at the right base.
Course: Sulfadiazine was given in doses of 6.0 grams

daily and a blood level of 14.0 mgm. per cent was obtained
without apparent benefit. On February 18, 110 cc. of
clear yellow fluid were removed from the left pleural cavity.
This fluid was sterile on culture. On February 20, the
patient suddenly became cyanotic and unconscious with
marked generalized rigidity. She remained in coma until
her death on February 22, 1942. Autopsy was not

performed.
Isolation of virus: One cc. of fluid was obtained by lung

puncture on February 22. Culture showed hemolytic

staphylococcus aureus. Virus was obtained by mouse
passage.

Epidemiology: Although the etiology of the pneumonia
in the original case was not determined, the similarity of
his illness and the known person-to-person communicability
of this agent makes it likely that M. D. contracted her
infection as a result of exposure to him. The origin of
M. M.'s infection remains uncertain. It was learned that
he had lived for 2 years in close proximity to chickens, but
no information relative to other avian contact was obtained.

Among 6 naturally occurring infections pre-
sumably due to the psittacosis-like strain S-F,
4 occurred in nurses in attendance on the 2
original patients. This points to a high person-
to-person communicability. Five of the 6 cases
terminated fatally, an exceedingly high mortality.
The 2 laboratory infections occurred during
routine investigation of the virus and reem-
phasize the danger of work with agents in the
psittacosis group, particularly when inoculations
are done by the intranasal route.

Clinical diagnosis. All available evidence
indicates that it is impossible to distinguish
clinically the infections due to the agents de-
scribed from each other or from psittacosis. The
question arises whether it is possible to differen-
tiate clinically between pneumonias due to psit-
tacosis-like viruses and the prevalent type of
primary atypical pneumonia which is not caused
by these agents. On the basis of the present
data, this question must be answered in the
negative. Certain points, however, may be of
definite assistance. In general, the large maw
jority of primary atypical pneumonias are mild,
with a comparatively small proportion moder-
ately severe, and an even smaller proportion
extremely severe or fatal. The case fatality
among several hundred cases which we have
observed has not exceeded one per cent. With
the psittacosis-like viruses, on the other hand,
the majority of infections have been moderately
or extremely severe and the case fatality has
been high. Consequently, it is with the severely
ill patient that the question of differentiation
becomes important.
Among the symptoms which have been, in our

experience, more common in the psittacosis-like
group, the following deserve mention. Chills
occur more frequently, usually near the onset,
and may occur repeatedly during the first week.
Gastrointestinal symptoms are frequently pres-
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ent. The patient often appears desperately ill
even though the area of pulmonary infiltration
is not great and respiratory distress is slight. In
the correspondingly severe cases in the other
group which we have observed, the pulmonary
infiltration has involved most of one lung and
frequently part of the other, and respiratory
distress is extreme. Marked disturbance of
cerebral functions is almost the rule. A final
point, useful for the most part in retrospect, is
the greater duration and height of the fever.

LABORATORY STUDIES

Ten strains of virus have been isolated from
sputum or autopsy specimens obtained from the
cases of pneumonia just described. The proper-
ties of the strains isolated from Cases 7, 8, 9,
and 10 in 1940 have been described in detail in
previous publications (1, 22, 23). These strains
were compared with 6 additional strains isolated
in 1942-43.

Method of isolation of virus from sputum or
autopsy specimens. Sputum or tissue was ground
thoroughly in a mortar with alundum and diluted
with plain infusion broth (pH 7.6) or with 10
per cent horse serum broth to make a 10 to 20
per cent suspension. Coarse material was
allowed to settle or was centrifuged out at low
speed.
Four white mice were inoculated intranasally

under ether anesthesia with 0.05 cc. of suspen-
sion. The mice were kept in strict isolation.
At the end of 4 to 7 days, they were sacrificed,
the lungs removed with sterile precautions, and
examined for areas of consolidation, particularly
small round grey foci as described by Eaton,
Beck, and Pearson (1). Cotton rats were used
in some cases for first passages. Pulmonary
findings resembled those in mice. Subsequent
passages were carried in mice.
The first passage mouse lungs were ground

with alundum and broth to make a 10 per cent
suspension and inoculated in amounts of 0.05 cc.
intranasally, 0.03 cc. intracerebrally, and 0.5 cc.
intraperitoneally into 3 groups of mice. Mice
(lying from intranasal and intracerebral inocula-
tions were examined for elementary bodies by
making impression smears of the lungs and
brains and staining by the method of Macchia-
vello.

Usually, those mice receiving intracerebral
inoculations with positive material died in 3 to
5 days and the brain smears showed many ele-
mentary bodies. Mice inoculated intranasally
did not always die on the second passage, but
usually showed marked greyish-red consolidation
of the lungs and positive smears.

Psittacosis or pigeon ornithosis is carried at
least 21 days or longer in the liver and spleen of
mice. On the other hand, it has been -reported
that the S-F strain cannot be recovered after 9
days from the livers and spleens of mice following
intraperitoneal inoculation (1, 23). This vari-
ation was considered significant and all new
strains isolated were given this differential test.
The second-passage mice inoculated intraperi-
toneally were held for 21 days. They were then
autopsied and examined particularly for enlarge-
ment of liver and spleen, hepatic necrosis, peri-
toneal exudate, fibrin, and ballooned intestines.
The liver and spleen were ground in a mortar and
a 10 per cent broth suspension was made. This
material was inoculated intranasally and intra-
cerebrally into normal mice to determine if the
virus was still present in these organs.

Properties of the strains isolated. All strains
included in this study formed minute coccoid
elementary bodies, demonstrable in impression
smears of the brains and lungs of mice, and all
were fatal to mice when inoculated by the intra-
nasal and intracerebral routes. Only 2, how-
ever, strain B.S. from Case 1 and strain M.C.
from Case 5, showed marked virulence for mice
by the intraperitoneal route, B.S. killing irregu-
larly and M.C. killing in dilutions of 10- and
104. Mice inoculated intraperitoneally with
each strain were tested at the end of 21 days for
the carrier state. Four strains (S-F, H.P.,
M.B., and M.D.) from Cases 8, 9, 10, and 12,
respectively, produced no carrier state at the end
of 21 days. However, livers and spleens from
mice receiving the strains B.S., M.P., A.B., R.C.,
or M.C. (Cases 1, 2, 3, 4, and 5) killed mice,
subinoculated intracerebrally, in 3 to 5 days and
caused lung consolidation with typical ele-
mentary bodies at the end of 7 days, in mice
subinoculated by the intranasal route.
There was apparently some correlation be-

tween the epidemiological history and the
properties of the virus in mice. Eliminating the
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3 laboratory infections, 3 out of 7 patients gave
definite information of exposure to pigeons. In
the case of M. P., a history of fleeting exposure
to pigeons with negative serology was obtained.
The virus isolated from known or presumed
pigeon-contact cases (B. S., M. P., A. B., and
R. C.) differed in mouse pathogenicity from the
strains obtained from 3 secondary cases in nurses
L. S., M. F., and M. D.

Cross-immunity tests. The differences between
the strains, as demonstrated by pathogenicity
after intraperitoneal inoculation of mice, were
confirmed by cross-immunity tests. Mice were
immunized by 1 or 2 intraperitoneal inoculations
with active virus and tested 3 weeks later by
the intracerebral route using 10 to 100 minimal
lethal doses (MLD) of strain S-F and 10 MLDs
of pigeon ornithosis virus. The latter strain was
isolated by Dr. Meyer from pigeons connected
with Case 1. A summary of the results is pre-
sented in Table II. All members of the group

TABLE II

Intracerebral cross-immunity tests with pigeon ornithosis
virus and S-F strain against 8 strains from

cases of pneumonitis

Strain Results after test with strain:
of__

virus
Case for Route S-F Pigeon ornithosis

immu-
niza-tioza MLD D P MLD D P

1 B. S. 1x IP 10-100 0/6 0/6 10 0/13 0/13
2 A. B. lx IP 10-100 0/5 O/S 10 0/6 0/6
3 M. P. lx IP 10-100 0/12 0/12 10 2/11 0/9
5 M. C. lx IP 10-100 1/13 0/12 10 1/14 0/13
7 and 8 S.F lx IP 10-100 0/10 0/10 10 6/10 4/4
9 H. P. lx IP 10-100 0/21 0/21 10 13/14 1/1

2x IP 10-100 0/7 0/7 100* 6/7 1/1
10 M. B. 2x IP 10-100 0/7 0/7 100* 5/7 2/2
12 M. D. lx IP 10-100 0/12 0/12 10 14/15 0/1
Controls nil - 10-100 22/27 1/5 10 23/23 0/0

lx IP, 2x IP = 1 or 2 immunizing intraperitoneal
inoculations.
D = deaths; numerator number of deaths, denominator

number of mice tested.
P = residual paralysis/mice surviving.
* = tested with meningopneumonitis virus.

protected completely against the S-F type strain,
but strains S-F, H.P., M.B., and M.D. gave no
immunity against pigeon ornithosis, the surviv-
ing mice in most instances being paralyzed. The
remaining strains tested-B.S., M.P., A.B., and
M.C.-produced solid immunity to pigeon
ornithosis.
The results of cross-immunity tests place the

S-F, H.P., M.B., and M.D. strains in the same

antigenic group, and distinguish them from the
pigeon ornithosis strains B.S., A.B., and B.C.
Strains of the S-F type may be distinguished
from psittacosis by similar methods (23).
Strain M.C. is similar in pathogenicity to pigeon
ornithosis and cross immunity is complete to
this virus. It would appear to be necessary to
correlate pathogenicity in animals, cross-immu-
nity tests, and epidemiological history before a
strain of psittacosis-like virus can be finally
identified.

DISCUSSION

In the course of the investigations of the
group of diseases which is at present called
primary atypical pneumonia, it has become clear
that a small proportion of these infections is
caused by psittacosis-like viruses. This group
includes a number of viruses, 3 of which, namely
psittacosis, the pigeon ornithosis virus, and the
S-F strain, have to date been isolated from
naturally occurring human infections. Evidence
that these agents may be differentiated by
laboratory procedures has been presented (21,
22, 23). Psittacosis has long been known to
cause this type of pneumonia and its clinical
picture and source of infection have been in-
tensively studied. Recognition of the fact that
a related virus, carried by pigeons (10), may
cause illness in humans is a recent development
and is due almost exclusively to the work of
K. F. Meyer and B. Eddie. Their reports
(2, 4, 8) emphasize the widespread distribution
of this virus in pigeons and also point out that
it may be found in doves and chickens (3).
Other reports indicate that this agent is present
on other continents (16, 17).
The source of viruses represented by the type

strain S-F, whether avian or non-avian, is still
undetermined. From the available data, it
appears that strains of this type have a relatively
higher virulence for human beings and a lower
virulence for birds (1, 23) than the pigeon
ornithosis virus. Person-to-person communica-
bility, such as from patient to nurse in Cases 7,
8, and 12, is of importance because the secondary
infections are frequently severe or fatal. Strains
of the S-F type may represent viruses which have
become adapted to human beings as a result of
one or more direct human transmissions, losing

173



GORDON MEIKLEJOHN, M. DORTHY BECK, AND MONROE D. EATON

in the process some of the pathogenicity for mice
and birds and part of the antigenic composition
of classical psittacosis strains. As a provisional
term, pseudo-psittacosis is suggested to designate
those atypical pneumonias caused by strains like
the S-F type which are of undetermined origin
and which differ significantly in properties from
the viruses of psittacosis and ornithosis. When
the origin of the S-F type strains is definitely
determined, a name based on the source could
replace this group nomenclature.

Other psittacosis-like viruses have been iso-
lated from animals. Although the meningo-
pneumonitis virus was isolated by Francis and
Magill from ferrets (9), the close similarity of
this agent to ornithosis virus suggests an original
avian source. Recently, viruses differing in
several properties from those described above
have been isolated from mice (18) and cats (19).
To date, none of these animal viruses has been
recovered from human cases, a possible exception
being the laboratory infection with menigo-
pneumonitis virus (Case 5).
The frequency of infections due to the psit-

tacosis-like viruses in this area is not great when
compared with that of the primary atypical pneu-
monias as a whole. During the period of this
study, over 250 specimens of sputum or lung
from patients with primary atypical pneumonia
have been inoculated intranasally into mice,
cotton rats, or both. Either animal is very
susceptible by this route. Psittacosis-like vi-
ruses have been recovered only 10 times. Data
acquired by complement-fixation tests suggest
that four or five other cases of psittacosis-like
infection from which no virus was isolated also
occurred. Small antibody increases have been
observed in various acute respiratory diseases
for which the causative agent could not be
identified. It remains to be determined whether
these are due to a minor antigenic component in
other etiologic agents, to anamnestic reactions,
or to heterogenetic immunity. In several cases,
an unrelated agent was apparently transmitted
to cotton rats (25).

Certain previous reports (6, 14, 20) have put
the incidence of psittacosis-like infection much
higher than in our experience. The explanation
for this difference probably lies in the selection
of material. When the incidence of primary

atypical pneumonias has been low, psittacosis-
like viruses may be responsible for a relatively
large proportion of the cases. When primary
atypical pneumonia has occurred in epidemic
form, as reported by Dingle and his co-workers
(15), the proportion of cases due to psittacosis-
like infection has been low.
Although the number of infections due to the

psittacosis-like viruses is not large, these cases
are important because of their severity and high
mortality. Mild infections with the psittacosis-
like viruses undoubtedly occur, but they have
been uncommon in the group which we have
studied. On the other hand, primary atypical
pneumonias caused by other agents (25) are
usually not severe. The number of deaths
caused by psittacosis-like agents approaches in
frequency the number from all other forms of
primary atypical pneumonia.

In the majority of recent reports, the diagnosis
of psittacosis-like infection has been based on the
complement-fixation test. This test as a diag-
nostic procedure for psittacosis-like infection has
many limitations. Because of the group-specific
character of the reaction (24) it gives little in-
formation as to the type of virus or source of
infection. Other diseases, especially lympho-
granuloma venereum (21), may produce high
antibody titers with psittacosis antigen. Dem-
onstration of complement-fixing antibodies in a
single specimen of serum from a case of atypical
pneumonia does not by itself justify a diagnosis
of psittacosis or a related disease, although the
absence of antibodies during convalescence may
exclude these diseases. It is possible that, be-
cause of the widespread distribution of psitta-
cosis-like viruses in birds and animals, certain
normal human beings may have developed anti-
bodies as a result of contact with these agents.
It must be remembered that pneumonia of any
kind may occur in a person with pre-existing
psittacosis antibodies. Even the demonstration
of virus or antibodies in birds associated with the
case may be coincidental. Isolation of virus
from the patient and demonstration, whenever
possible, of a definite antibody response associ-
ated with the illness constitute, in our opinion,
the only satisfactory positive evidence of specific
infection.
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SUMMARY

1. Clinical and epidemiological data have been
presented on 10 cases of severe or fatal atypical
pneumonia from which psittacosis-like viruses
were isolated. The pigeon ornithosis virus was

obtained from 4 cases, a different but related
virus (S-F strain) from 5 cases, and the meningo-
pneumonitis virus from one.

2. Laboratory data have been presented which
show that the S-F strain can be differentiated
from the pigeon ornithosis virus. All cases from
which ornithosis strains were isolated gave his-
tories of pigeon contact. No case of infection
with the S-F strain gave a similar history, but 3
of these cases were in nurses who were exposed
to patients with similai illness.

3. The place of the psittacosis-like infections
in the larger group of primary atypical pneu-

monias has been discussed.
4. The usefulness and limitations of the com-

plement-fixation test in the diagnosis of infections
due to psittacosis-like viruses have been reviewed.

We are indebted to the following physicians for calling
these patients to our attention and for their assistance in
obtaining specimens for laboratory study: A. F. Bloom-
field, Leroy Briggs, Wm. G. Donald, Stanford Farnsworth,
Ben Kondo, A. M. Moody, James Rinehart, John Sampson,
Norman Sweet, and Phillip R. Van Horn.
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