EXPERINIENTAL BRONCHOPNEUMONIA

A. E. Ivanov and vV, F, Sosova

(5cieniific Directors; Corresponding Member Acad. Med. Sci. USSR
Prof. N. A. Kraevsky and Prof. N. N. Klemparskaya)

(Received October 29, 1955, Preseitted by Active Member Acad. Med. Sci. USSR M. A. Skvotsov)

In the iuvestigation of pnreumonia to the present day there exist many unsolved questions, Oue of the
reasons for this is the absence of a reliable method by means of which experimental pnewnonia can be produced
so that the natural course of the disease could be duplicated,

Most workers attenipted to reproduce croupous pieumonia,using asa basis the allergic character of
the illness [1, 2, 4, §, 10, 14, 15, 16, 17, 18, 19].

When attempts were made to reproduce bronchopneumonia, the successes were few. The attempts in this
direction can be divided into two groups,

In the first group are experiments affecting the various divisions of the nervous system which upset the
circulation by reflex means and so produce a consequent pneumonia, Thus, A. D. Speransky [10] established
that irritation in the subcollicular regions of the brain leads to trophic lung disturbances against which back-
ground pneunonia may develop. A. V. Tonkikh {11] described pneumonia following crushing of cervical sympa-
thetics (in cats) or sectioning of vagi (in cats and dogs). Analogdus results were obtained by A, M. Chernukh by
injecting turpentine along neural sheaths of vagi (in rabbits) [13] and L. P. Dolgachev [3] when applying radou
to the upper cervical sympathefic node (rabbits, cats), = llowever, many of the above experiments failed to
have adequate pathologic and microbiclogic controls,

As was shown by B. L. Monastyrskaya and Ya. Ya. Sokolskaya [6, 7, 9] action on the vegetative nervous
system disturbs the circulaton in the lungs which can exist a long tiine without producing inflaminatory changes
Only in occasional instances with bilateral vagal section or stimulation of the sympathetic nodes will aspiration
preumonia be an end result,

I the second group of models are attempts to reproduce pneumonia by affecting lung tissues directly by
way of inraacheal infection of the animals with live bacterial cultures, This was the method employed by
Z. L. Golsand and A, V. Tsinzerling {12] on rats and D, S. Sarkisov and L. Ya, Ebert on cats {9]. The first infec
ted rats with Friedlander bacilli in a 67, mixture with gum arabic. The miicrobial culture was introduced inio
the animal tacheal lumen, first incising the overlying skin while the animals were under etiier narcosis, As a
result the animals developed lobar or large-focus bronchopneumonia  In their experiiments there was a conibi-
natdon of bacteriologic and morphological studies,

However, this method has been successful in rats only,and then ounly if Frieclander bacilli are used. This
is a limiting factor when using the method of Golsand and Tsinzerling.

D. S. Sarisov and L. Ya. Ebert introduced inmatracheally into cats under ether and chloroform narcosis
cultures of Staphylococcus aureus in a 167, suspension of polyvinyl alcohol. This alcohol was chosen for tlie
prolonged lixation and more even distribution of the organisms through the lungs. In aniinals infected by this

procedure isolated small foei of pus inflarumation arose around the bronchi.
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A scrious nadequacy of both of the just described methods is the use of gum arable, polyvinyl alcohel
and inhalation narcosls, These substances undoubtedly have an additional injurious effect upon the lung tssue
o that the prnewmnonia produced is in a large degree quite different from those occurring ’spontaneously.

Taking all the above inio consideration, in 1954 we worked on rabbits attempting to produce pneumonia
by intratracheal injections of cultures of B. enteritidis garmneri the original culture having been recovered from
a spontaneous case developed by a rabbit,

The cultural characteristics of the microbe are indicated in the table,
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EXPERIMENTAL METHODS

Inwawacheal introduction of the microbes was performmed by using a needle without auy previous incision
or narcosis. The animalis withstood the manipulations quite well. First the skin on the anterior surface of the
neck was clipped and shaved as thorougly as possible. The rabbit was then bound 1o a board so that the head
fitted into a hollow in its upper portion while the fore paws could be spread as far apart as possible and also
downward. The skin of the area to be injected was sterilized with iodine and alcohol. The hoard was tilted at
ahout 40-45° of head elevation and the head was also tilted backwards,. In this position it was a simple matter
o palpate the cartilage of laryix and trachea. The skin was first pierced by the needle held in exactly the mid-
line. Then the fingersofthelefthand fixed the wachea which was pierced by the neeedle about 0.5-1 cm
below the larynx. At the moment or entry which was always from above down the needle was held at a maximal
angle from the surface of the skin, This was done to avoid injuring the posterior surface of the wrachea. The
puncture was done with a sterile needle attached to a hypodenmic syringe half filled with physiological saline so
as 10 avoid infectng any surrounding tissues at the moment of entry.

After the puncture we made certain that the needle tip was in the wacheal lumen. This was
readily confirmed by pulling back on the piston of the syringe and obtainiug air bubbles. Then the syringe hold-
ing the saline was replaced with the one having the required amount of infecting material, and the material
was introduced quite slowly so as to minimize a possible cough reflex.

The infecting material was a suspenision of B, enteritidis gartneri in physiological saline, From a
one day agar culture a mixwre was prepared with 100 million microbes per 17, cc of physiological sus-

pension (using optical bacteriological standards). As iudicator which was to aid in judging the spread of the
suspension through the lungs, Trypan blue was added (6.5 suspension). Experiments proved that this addition did
not affect the pathological alterations,

EXPERIMENTAL RESULTS

Of 20 rabbits infected by the above method in the final confinmatory series,all developed prewnonia,
Oue only died on the 2ud day after being iufected; 11 rabbits were sacrificed on the Tth day; 1 died on the 17ty
vere sacrificed on the 20th day and 2 -- on 30th day after the infection.

Daily blood cultures taken from the rabbit ear veins were consistently negative. This proved that the
quantity chosen by us was sufficient to produce infection but did not produce bacteremia,



Atautopsy all the auiinals were seen to have extensive pneumonic areas, sometimnes involving an entire
lobe or alimost an entire lung (Fig. 1)

The affected lung was much increased in
volume, solidified, red in the {irst days, later mottled
with yellow-grey areas and, when bluing was employed,
of a bluish grey color (Fig. 2). The sections of the
o affected lung dssues had the same colorations and a
! Lz \ _ e A finely granular surface from which sheamed a thick,

; } ¥ PSSR s e, cloudy fluid,

3 The microscopic picture was that of broncho-
B / Y g, pneumonia, (Fig. 3),
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) .{ ol When the animal died in the first days after being
| infected, the alveoll had a serous exudate with an ad-

ALV SERS LS mixture of erythrocytes, Later, by the Tth day, the foci

+ . / of consolidation had many alveoli and small bronchioles

; filled with exudate having pseudo-eosinophilic leuco-
{ bl % ) cytes, macrbphages, septal cells and erythrocytes, In
3 ¥ places, fibrin strands could be seen. Within the exudate
[ 7 ', the microbes were easy to see as they stained intensely
' S > “'_ 'i_ 2 with hematoxylin and were principally  extracel-
'I b % \ v lular, Most of the cells within the exudate were in
i S e e a state of necrobiosis and fragmentation, In the proto-
' T plasm of the macrophages were seen fragments of nuclei
Fig. 1, Extensive areas of pneumonic and eosinophilic granulaton from the disintegrated leuco-
involvement in both lungs 7 days after cytes, miicrobes and granules of Trypan blue. The presence
introduction of the infection. of the bluing in the alveoli indicated that the microbes
introduced inte the trachiea had been able o reach the
alveoli directly. Within the bronchi, the exudate consisted principally of leucocytes, cells of bronchial epithe-
lium, macrophages, erythrocytes and microbes ail mixed together with mucus, In the peribronchial tissues were
observed lymphangeitis and hyperemia of the peribronchial tymph nodes, In places, within the lumen of the
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Fig. 2. An area of bronchopneumonia, Total section
tirough the lower lobe of a lung on the seventh day
after infection (stained vith hematonylin-eosing.
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lymph vessels and within the lymph nodes, there were seea granules of the Trypan blue, In addition, there were
4 » - . ¢ 2

iung areas with evidences of disturbed circulation (hyperemia, stasis, erythrocytic diapedesis with perivascular

and peribronchial hemorrhages, edema of the stroma and alveoli),

Fig. 3. Total section through the lower portion of the lung on the
seventh day after infection. Alveoli of the lungs are filled with a
catarrhal exudate with a large admixture of leucocytes; peribron-
chitis (hematoxylin-eosin stain, high magnification).

By the 17th-20th day after the infection, the pneumonic areas were much smaller than at the height of the
infection on the Tth day. Microscopically, there were een areas of atelectasis, a moderate number of leuco-
cytes and many macrophages in the exudate, By the 30th day the inflammatory residues in the lungs were incon-
sequential,

All specimens taken at autopsy from the heart, spleen and gallbladder with one exception only were
sterile. The rabbit that died on the 2nd day had pure culture of B. enteritidis gartneri recovered from speci-
men taken from its spleen. Alongside of this, ail rabbits sacrificed between the 7th and 20th days had demon-
sirable bacteria in the lungs. By the 30th day the bacteria could no lunger be obtained from the lungs either,

Thus, we have developed a completely reliable method for producing in rabbits a bronchopneumonia not
associated with inroducton of foreign bodies (such as plastic substances, gum arabic and agar) or the use of
narcosis, not provoking bacteremia and assuring an adequate life span for the infected animals. Finally, our
method does not demand the use of an unusual szain of microbe., The B. enteritidis gartneri we used ls seen

in spontaneous pneurnonias and, therefore, is obrainable for experimental purposes.

SUMMARY

An experimental method for producing pneuntonia in rabbits is presented. A culture of B, enteritidis
gartneri was obtained from a rabbit having developed the disease spentaneously. This organism was used to
reproduce the disease in 100%% of the animals incculatedintratracheally,
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