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THE PRODUCTION OF LUNG HEMORRHAGES AND 
ASSOCIATED PHENOMENA IN RABBITS 

AND GUINEA-PIGS 

Sara Elizabeth Bran ham 

From the Department of Hygiene and Bacteriology of the University of Chicago 

During the influenza epidemic in the winter of 1920 an attempt was 
made to cultivate a filtrable organism from material from several 
patients with influenza.1 The number of cases available was too small 
to have much significance, but the negative results obtained made it 
seem desirable to employ other methods of attack in addition to the 

attempts at direct cultivation. By this time the epidemic had passed and 
no fresh influenza material was available for direct inoculation of 
animals. It seemed, however, of importance to begin this work with 
normal animals and noninfluenzal material, for the data thus collected 
would serve to control later work, should another wave of influenza 
come, and would prove a valuable basis for further experiment. 

Both rabbits and guinea-pigs were used, the larger number of 
rabbits being due to the fact that they were much more conveniently 
handled. Following the line of experiment initiated by others working 
in this field,2'3 the effect of the inoculations on the total leukocyte 
count was noted in the first series of animals, since leukopenia is 
considered one of the outstanding features in influenza in man. 
These leukocyte counts were accompanied by records of weight and 
temperature. 

The materials used for inoculation were sterile physiologic salt solu- 
tion and nasal washings both from normal persons and persons with 
colds. With three of the last named, the material was collected within 
the first 24 hours after the onset, but in one case the cold was 4 days 
old. These nasal washings were obtained by washing out the nose 
with about 50 c c of warm sterile physiologic salt solution, collecting 
this material in a sterile glass-stoppered bottle containing beads. The 

nasopharynx was also swabbed and the swab shaken with the saline 
nasal washings. After being thoroughly shaken, the mixture was passed 

Received for publication Feb. 1, 1922. 

i Branham and Hall: J. Infect. Dis., 1921, 28, p. 143. 
2 Olitsky and Gates: Jour. Am. Med. Assn., 1920, 74, 74, p. 1497; 1921, 76, 640; J. 

Exper. Med., 1921, 33, pp. 125, 361, 373, 713; 34, p. 1; 1922, 35, p. 1. 
3 Loewe and Zeman: J. Am. Med. Assn., 1921, 76, p. 986. 
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through a tested Mandler filter. Five cc of the filtrate was inocu- 
lated into about 20ccofa^ dextrose broth to determine its freedom 
from ordinary bacteria. The constricted tube with marble seal designed 
by Hall4 was used for this, and the broth was boiled just before use 

Example of a Rabbit Showing a Leukocytosis. Observations Made 11 to 12 a. m. 

Rabbit 30 Temper- 
ature, F. 

Weight, 
Kg. 

Leuko- 
cytes 

July 25 
July 26 
July 27 (3 p. m. inoculation 4 c c salt solution)., 
July 28 
July 29 

104.0 
104.2 
104.6 
104.0 
103.8 

1.724 
1.740 
1.719 
1.695 
1.708 

8 000 
7,0C0 
8,800 

12,000 
15000 

Killed by a blow, July 29. Extensive bright red hemorrhages involved all lobes, even 
the collapsed ones. Greater part of lungs uncollapsed. Cultures from lung in dextrose 
broth were sterile. 

Example of a Rabbit Showing a Leukopenia. Observations Made 2 to 3 p. m. 

Rabbit 22 

July 11 
July 12 
July 13 
July 14 
July 15 (11 a. m. inoculation 3 c c salt solution) 
July 16 

Temper- 
ature, F. 

103.0 
103.2 
103.3 
103.4 
103.0 
103.1 

Weight, 
Kg. 

2,920 
2,951 
2.955 
2.939 
2.986 

Leuko- 
cytes 

12,000 
13,000 
11,800 
12,100 
12,200 
8,C00 

Killed by a blow, July 16. Lungs not collapsed and with abundant and extensive 
hemorrhages, varying in size from pinhead dots to areas several square centimeters in size. 
Cultures in dextrose broth yielded a tiny gram negative, bipolar organism. 

Example of a Rabbit with a Very Slight, but D'efinite, Leukopenia. Observa- 
tions Made 11 to 12 a. m. 

Rabbit 39 

August 8 
August 9 
August 10 (3 p. m. inoculation 3 c c salt solution).. 
August 11 
August 12 

Temper- 
ature, F. 

103.4 
103.0 
103.3 
103.3 
103.3 

Weight, 
Kg. 

1.765 
1.819 
1.850 
1.807 
1.911 

Leuko- 
cytes 

7,060 
6,400 
6,400 
5,2-:o 
7,000 

Killed with ether, Aug. 12. Lungs well collapsed and normal in appearance. Cultures 
in dextrose broth were sterile. 

to expel the dissolved oxygen, so that both aerobic and anaerobic 
conditions could be obtained. 

Each animal was under observation for at least 3 days, and often 
longer, before inoculation. Daily records of weight, temperature, and 

4 Univ. Calif. Pub. in Path., 1915, 2, p. 147. 
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total white blood count were kept, these observations being made at 
the same hour every day for each animal, so that the conditions might 
be as uniform as possible. In order to avoid any irregularity in 
leukocyte count which might result from differences in vasodilation, 
each animal's ear was flushed with water at 45 C. for about 2 minutes, 
after the method of Clark.5 Two blood dilutions were then made and 
duplicate counts thus obtained. 

Inoculations were made directly into the trachea with an ordinary 
Luer syringe and hypodermic needle, and were made under ether 
anesthesia. The amount of material used depended on the size of the 
animal, about Ice being given to a small guinea-pig, and 3, 4, and 
even 5 c c to rabbits. 

TABLE i 

Changes in Leukocyte Count Associated with Intratracheal Inoculations with 
Different Materials 

Inoculum Leukopenia Leukocytosis Unchanged Total 

Salt solution 10 4 3 1 17 
Washings from persons with colds.... 3 3 3 9 
Washings from normal persons 2 1 1 4 
Lung emulsion ? 1 1 2 

15 9 8 32 

As a rule, these inoculations seemed to have no effect oh either 

temperature or weight. With 4 rabbits there was a slight rise in 

temperature accompanying leukopenia after inoculation, 2 of these with 
filtrates from colds, and 2 with sterile salt solution. Changes equally 
great occurred often with no apparent cause, though as a rule the 

temperature curves were much more uniform than one would expect 
in rabbits. 

A marked change in white blood count following inoculation was 
shown by 24 of the 32 animals in this series, 15 having leukopenia and 
9 leukocytosis. Eight seemed unaffected. The changes were more 
marked in some cases than in others. Just how much change in the 
white count was considered a leukopenia or leukocytosis may be seen 
in the protocols of several of the animals as given. Generally speak- 
ing, the differences shown here were not so great as those observed 

by several workers in similar experiments with influenza material2'3' 
but they were clear cut and definite. Sometimes this change was 
evident in 6 or 8 hours; more generally it did not appear until the 
next day. By the third day the count had usually returned to its normal 
level. 

* Am. J. Hyg., 1921, 1, p. 39. 
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Three of the 15 animals showing leukopenia had been inoculated 
with the sterile filtered nasal washings from colds, 2 with similar 
washings from normal people, and 10 with sterile physiologic salt 
solution. Of the 9 showing leukocytosis, 3 were inoculated with nasal 

washings from colds, 1 from a normal person, 1 from the lung filtrate, 
and 3 with salt solution. It can be seen from table 1 that while no 
definite blood change was associated regularly with any one inoculum, 
the outstanding feature here was the common occurence of leukopenia 
after inoculations with salt solution. 

Three of the leukopenias were accompanied by an acute conjunctivitis 
from which no bacteria could be isolated on blood agar. Two of these 
occurred in animals inoculated with salt solution, and the third in 
one which had received a filtrate from a cold. 

Sixteen of this series of 32 inoculated animals were killed, 3 with 
ether and 13 by a sharp blow on the back of the neck, which dislocated 
the cervical vertebrae, causing death quickly and bloodlessly. In only 
one case was the skull injured. Some of these animals were killed 
as soon as a change in blood count was noted, this period varying 
from 18 hours to 2 days, but some of them had shown no such change. 
With others a delay of 3 or 4 days gave time for the total white 
count to return to normal. 

The lungs of the etherized animals seemed well collapsed and were 
of a normal pinkish color. Of the 13 animals killed by a blow on 
the neck, 8 showed an interesting lung picture. The most outstanding 
features were: 1. The lungs did not usually collapse, but remained 
quite large in volume. Sometimes one lung would be well collapsed 
and the other voluminous; at other times only one lobe or part of a 
lobe would show this emphysema. 2. The lungs were more or less 
mottled by bright red areas of hemorrhage, sometimes diffuse and 
sometimes patchy, varying in size from that of a pinhead to several 
square centimeters, and sometimes entirely involving a lobe. These 
were not superficial, but extended into the deeper portions of the lung. 
The bright red color gave the impression that these hemorrhages were 
very fresh. As a rule, they occurred on those lobes which were 
emphysematous, but several times they were on those that were fairly 
well collapsed. Occasionally darker and more purplish hemorrhages 
accompanied the brighter ones. There was no consolidation nor con- 
gestion anywhere. 

Sections for microscopic study showed marked emphysema and 
varying degrees of hemorrhage, sometimes patchy and sometimes 
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diffuse, in the interstitial tissue and into the alveoli. In some only 
about 5fo of the alveoli contained blood; in others 50 to 70%. Some 
showed more leukocytes than others, but in none was there an excess 
over normal limits. Desquamated cells from the alveolar walls were 
present in all to a varying degree. There was no evidence of any 
pneumonic consolidation. 

TABLE 2 
The Association of Hemorrhagic Lesions with Other Symptoms in Inoculated 

Hemor- Temper- Leuko- Leukocy- Conjunc- Inoe- Method of 
Animal rhagic ature penia tosis tivitis ulum Killing 

Lesions Rise 

GP1 ? ? ? + ? Salt solution 
GP 2 ? ? + ? ? Salt solution 
R 1 ? + + ? + Salt solution 
R 2 ? ? + ? + Salt solution 
R 3 ? ? ? + ? Cold 1 Head down 
R 4 ? ? ? ? ? Coldl 
R 5 ? ? ? + ? Lung Head down 
R 6 ? ? ? ? ? Lung 
R 7 ? ? + ? ? Normal 
R 8 + + + ? ? Normal Head down 
R 9 ? ? ? + ? Cold 2 Head down 
RIO ? ? + ? ? Cold 2 
R11 ? ? +* +* + Cold 2 Head down 
R15 ? ? + ? ? Salt solution 
R16 ? ? + ? ? Salt solution 
R17 ? ? ? ? ? Salt solution 
R18 ? ? ? ? ? Normal 
R19 ? ? ? ? ? Normal 
R 21 ? ? ? + ? Salt solution 
R 22 + ? 4- ? ? Salt solution Head up 
R 23 + ? ? + ? Salt solution Head up 
R 24 + ? ? ? ? Salt solution Head up 
R 25 + ? + ? ? Cold 4 Head up 
R 26 + ? ? ? ? Cold 4 Head up 
R27 ? ? ? ? ? Cold 4 Ether 
R28 ? ? ? + ? Cold 3 
R 29 ? ? + ? ? Salt solution 
R 30 + ? ? + ? Salt solution Head up 
R 31 + ? + ? ? Salt solution Head up 
R 32 ? ? + ? ? Salt solution 
R 37 ? ? ? ? ? Salt solution Ether 
R 39 ? ? + ? ? Salt solution Ether 

* This rabbit showed a leukocytosis a few hours after inoculation, but after 24 hours 
a decided leukopenia. 

This emphysema and hemorrhage occurred sometimes in conjunc- 
tion with the changes in leukocyte count and the conjunctivitis described 
in the foregoing, and sometimes without them. Four of the 8 animals 
with the lung lesions also showed leukopenia, and two leukocytosis. 
In one a decided rise in temperature accompanied leukopenia and 
hemorrhagic lesions. Three leukopenias were accompanied by con- 
junctivitis, but in no case were all 4 phenomena observed together 
(table 2). 

It is interesting to note here that of 7 rabbits which were held by 
the ears with the head up when they were struck on the back of the 
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neck, every one showed the emphysema and hemorrhagic lesions, while 
of 6 held by the feet with the head down, only one showed them. 

The 8 rabbits with these lesions had been inoculated with the 

following material: 5 with sterile salt solution, 2 with filtrates from 

colds, and 1 with a filtrate from a normal person. The 5 without 

hemorrhage had been given: 3, filtrates from colds; 1, salt solution; 
and 1, a filtered emulsion of a pair of hemorrhagic lungs. The nature 
of the inoculum was evidently not the controlling factor in their 

production here (table 3). 

table 3 
The Occurrence of Hemorrhagic Lesions in Relation to the Nature of the 

Inoculum 

Salt Normal Cold Lung Total 
Solution Filtrate Filtrate Emulsion 

Lesions 5 1 2 ? 8 
No lesions 1 ? 3 1 5 

In order to determine a possible relationship between these lesions 
and the intratracheal inoculation in itself, 4 rabbits which had been 
under the usual observation for several days were killed, without 
previous inoculation, by a blow on the back of the neck. All showed 
emphysema and hemorrhagic areas as striking and extensive as any of 
those found in the inoculated animals. There seemed to be no relation 
between the inoculations and the lesions. 

The idea that these lesions might have some connection with the 
method of killing the animals had been suggested before.6 Four new 
rabbits were kept under the usual observation for a week. After 3 
days 2 were given intratracheal inoculations of salt solution and 2 were 
allowed to remain uninoculated. On the sixth day all were anesthetized 
and the chest cavities opened while the animals were still alive. None 
of these showed hemorrhage. The lungs were well collapsed and of a 
uniform pinkish gray color. 

Subsequently a number of other animals were killed in different 
ways. Most of these were healthy young rabbits and guinea-pigs just 
from the breeding farms, which had never been used in any previous 
experiment. None of those killed by ether showed either emphysema 
or hemorrhages, but the lungs were well collapsed and of normal 
color. On the contrary, of the rabbits killed by a blow on the neck, 

6 Maitland, Cowan, and Detweiler: Brit. J. Exper. Path., 1920, 1, p. 263; 1921, 2, p. 8. 
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87% of those that were held with the head up when struck showed 
extensive hemorrhage and emphysema, and 14% of those held with the 
head down. This greater frequency of lesions in rabbits held with 
the head up might possibly be due to the fact that a sharper blow is 

usually required to kill an animal in that position. Also 66% of the 

guinea-pigs, all held head downward, showed these lesions. 
In all 46 animals were killed. The occurrence of the lesions in 

connection with the method of killing the animals is shown in table 4, 
the presence of hemorrhage and emphysema being considered positive 
and their absence negative. Although the lesions were found in 66% 
of guinea-pigs, held with head down, no conclusion should be drawn 

concerning the relative frequency of this phenomenon in guinea-pigs 
as compared with rabbits, since the number of these animals used was 
small. 

TABLE 4 

The Occurrence of Lung Lesions in Connection with the Mode of Death 

Head Up Head Down Ether 

Total + ? %+ Total + ? %+ Total + ? %+ 

Rabbits 23 20 3 87 8 1 7 14 8 0 8 0 
Guinea-pigs _ _ _ _ _ 6 4 2 66 1 0 1 0 

Both 23 20 387 14 5 9 36 9 0 9 0 

The microscopic appearance of these lesions in inoculated animals 
has already been described. Sections from the lungs of uninoculated 
animals showing emphysema and hemorrhage were the same, save that 
there was even less edema. It is questionable whether any of these 
were true edema in the sense of being part of an inflammatory process, 
or merely serum escaping from the vessels, as did the blood. Sections 
from the negative animals, both those killed with ether and otherwise, 
were atelectatic, free from hemorrhage, and appeared normal. The 

lungs from 24 animals were studied microscopically, 19 rabbits and 5 

guinea-pigs. 
No hemorrhage was observed in any of the organs other than the 

lungs. The circumstances under which this pathologic picture was 
found seemed to indicate that it was an agonal phenomenon. This 
conclusion has been similarly reached by Foord 7 and by Maitland, 
Cowan, and Detweiler 6 in their recent experiments. 

7 J. Infect. Dis., 1918, 23, p. 159. 
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Since it was possible that the relation between these lesions and 
the mode o f death might have been more apparent than real, an attempt 
was made to observe the effects of first ether and then a blow on the 
same animal. This was tried with f our rabbits. Each animal was 
anesthetized and a cannula put into the trachea so that artificial respira- 
tion could be applied. The chest cavity was opened and the lungs 
examined in situ. While artificial respiration was continued the animal 
was held up by the ears and given a sharp blow on the back of the 
neck. Then the lungs were removed a?d reexamined. The results 
were not conclusive. In each of the rabbits the lungs after the ether 

Fig. 1.-Lungs of a normal rabbit killed by a blow on the neck, showing marked hemor- 
rhagic areas and emphysema. 

only appeared normal and quite f ree f rom hemorrhage. Af ter the 
blow and the removal o f the lungs f rom the body there were a f ew 
small bright red pinhead sized hemorrhages scattered here and there. 
These were so f ew and f ar between that they might have been over- 
looked when the lungs were examined in situ. The f ourth animal 
showed these more strikingly than any of the others, so it is possible 
that with a larger number of animals and the acquisition of more skill 
in handling them, more satisfactory results would be obtained. 

Hemorrhages apparently like those described in the f oregoing have 
been reported by a number of other workers a,3,s,7,s sometimes in 

s Gibson, Bowman, :and Connor: Brit. M. J., 1918, 2, p. 645; 1919, 1, p. 331. Bradford, Bashford and Wilson: Brit. M. J., 1919, 1, p. 599; 1919, 1, p. 602; Jour. Am. Med. Assn., 
1919, ?3, p. 67. Hall: Arch. Int. Med., 1920, 26, p. 612. Aufrecht: Deutsch. Arch. f. k1in. 
Med., 1915, 117, p. 602. Flexner and Noguchi : J. Exper. Med,, 1913, 18, p. 461. 
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animals killed in others ways. Foord7 found them abundantly in 
rabbits killed with KCN, and to a much less extent in those killed 
with chloral. 

Both emphysema and hemorrhages have been found to occur in 

anaphylaxis. There was no possible anaphylaxis here. The variety of 
sources from which these animals came, and their healthy appearance, 
made it seem unlikely that they were the victims of a peculiar epidemic. 

Cultures were made from the lungs of 31 animals, 20 showing 
hemorrhages and emphysema, and 11 appearing normal. Two mediums 
were employed, a plain Ifo dextrose broth in a constricted tube with 
a marble seal, and ascitic fluid with sterile rabbit kidney. At first 
the ascitic fluid medium was prepared in long straight culture tubes 
as prepared by Noguchi, but the difficulty of obtaining strict anaerobiosis 
in these with the air-filled floating bits of lung tissue resulted in the 

adoption of the mechanically sealed constricted tube for this also. These 
tubes of ascitic fluid containing large pieces of rabbit kidney were 
incubated for several days before use. Before being inoculated, the 
tubes of dextrose broth were boiled to drive out the dissolved oxygen. 
As thus prepared, these mediums gave opportunity for both aerobic 
and anaerobic growth. Sufficient blood was introduced, both in the 

kidney tissue and in the piece of lung to give a favorable condition 
for growth for any hemoglobinophilic organisms which might have been 
present. The piece of lung used for inoculation was chosen from one 
of the hemorrhagic areas, if such were present, was snipped off 
aseptically into the culture tube, and introduced below the marble seal. 

Cultures from 12 of these animals remaining sterile after a number 
of days. Nineteen showed bacterial growth, usually after 48 or 72 
hours' incubation. The most common organisms, found in 12 cases, were 
extremely tiny gram-negative rods, sometimes bipolar, with a strong 
preference for aerobic conditions, though they could grow anaerobically. 
An intensive study of these strains was not undertaken at this time. 
Similar organisms have been frequently described in connection with 
experimental work on the respiratory flora of guinea-pigs and rabbits, 
as well as in some other animals.9 Cultures from 5 animals gave 
gram-positive diplococci, and 4 staphylococci. In 2 cases a tiny gram- 

9 Smith: J. Comp. Med. & Surg., 1887, 8, p. 24; J. Med. Res., 1913-14, 29, p. 291. 
McGowan: J. Path, ft Bact., 1911, 15, p. 372. Davis: J. Infect. Dis., 1913, 19, p. 42. Hos- 
kins, J.: Am. Vet. Med. Assn., 1920, 57, p. 317. Ferry and Hoskins: J. Lab. 8c Clin. Med., 
1920, 5, p. 311. Hoskins and Stout: Ibid., 1920, 5, p. 307. DeKruif: J. Exper. Med., 1921, 
33, p. 773. Saelhof: J. Infect. Dis., 1921, 28, p. 374. 



Lung Hemorrhages in Rabbits and Guinea-Pigs 679 

positive diplococcus grew only at first under anaerobic conditions, but 
after several generations it finally grew aerobically. 

These organisms were found as often in lungs of normal appearance 
as in those with hemorrhage. Usually they were in pure culture, but 
in two cases the tiny bacilli occurred in connection with some other 
organism. The occurrence of these bacteria in the hemorrhagic and 
nonhemorrhagic lungs is shown in table 5. 

table 5 
The Occurrence of Bacteria in Hemorrhagic and Nonhemorrhagic Luxgs 

Hemorrhagic Nonhemorrhagic 
Total 

Guinea-Pigs Rabbits Guinea-Figs Rabbits 

Gram-negative rods ? 7 ? 5 12 
Staphylococcus ? 2 ? 2 4 
Gram-positive diplococci 1 2 ? 2 5 

Sterile 2 3 2 5 12 

SUMMARY 

Of the 70 animals included in this study, 32 received intra- 
tracheal inoculations, chiefly with salt solution and filtered saline nasal 
washings; 75% of these showed a marked change in the total white 
blood count within 6 to 48 hours after inoculation. Leukopenia occurred 
almost twice as often as leukocytosis. Three times the leukopenia in 
inoculated animals was accompanied by an acute conjunctivitis. 

Sixteen of the 32 animals were killed, and the lungs of 8, or 5C^, 
showed striking hemorrhagic areas and a marked emphysema. Four 
of these were animals which had shown leukopenia, 1 a leukocytosis, 
and 3 no blood change at all. 

In all, 50 of the 70 animals of this series have been killed. The 
emphysema and hemorrhages were found to a marked degree in 50 %. 
These lesions occurred with equal frequency in normal uninoculated 
animals and in those injected intratracheally. They were not found in 
any killed with ether. 

These hemorrhages have not been found constantly in animals killed 
by a blow on the back of the neck. They have been reported in some 
killed in other ways. But finding them in 67% of all animals killed by 
a blow, and in 87*^ of those which were held head up when the blow 
was given, seemed to indicate that the mode of death had something to 
do with their occurrence. 
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There seemed to be no evidence that the association of these lung 
lesions with changes in the leukocyte count and conjunctivitis was 
anything more than accidental. 

No explanation of the occurrence of these lesions is here offered. 
The fact that hemorrhages and other associated phenomena are pro- 
duced with considerable frequency in apparently normal rabbits and 
guinea-pigs killed in certain ways should be borne in mind when using 
these animals for experimental purposes. 

CORRECTION 

In the paper by Bie and Schwensen, which appeared in the issue of March, 
1922, on page 311, the tracing labeled Chart 5, Case 2, was inserted through 
error. The correct tracing for the legend does not appear with the article. 
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