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NEGRI BODIES IN THE SALIVARY GLANDS AND 

OTHER ORGANS IN RABIES 

Leila Jackson 

From the John McCormick Institute for Infectious Diseases, Chicago 

It has long been recognized that the bite of a rabid animal is the 
ordinary means of transmitting rabies. Quite naturally, therefore, the 
saliva was suspected of harboring the infectious agent and early investi- 
gators easily proved this to be the case. According to Hogyes 1 and 
others, Zinke 2 is credited with having been the first to produce rabies 
by introducing saliva from a rabid dog into wounds of another dog, a 
rabbit and a cock. Following at intervals Gruner,3 Magendie,4 Hert- 
wig,5 Rey 6 and others have simply multiplied evidence of the virulence 
of the saliva of rabid animals, both carniverous and herbivorous. 
Excellent reviews of the literature on this subject are given by G. 

Hogyes, M. Casper,7 and J. Koch 8 so that any detailed references to 
it here seem unnecessary. A consideration of the work on this phase of 
the subject would seem to indicate that the saliva is more likely to be 
virulent in the case of animals infected with street virus than with 
fixed virus, and this would also seem to be borne out by the results of 
my own investigation. Elsenberg 9 reviews carefully the early litera- 
ture on the anatomic changes in the salivary glands. He believes the 
process starts as a parenchymatous inflammation and later assumes the 
character of an exudative process. 

Although careful studies have been made of the histology of the 
salivary glands in rabies both before and since Negri's 10 discovery of 
bodies in the ganglion cells of the brain of rabid animals, which are 
now regarded as diagnostic of rabies, only one author has recorded 
finding anything resembling Negri bodies in these glands, namely. 
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1 Nothnagel's Spec. Path, ft Ther., Lyssa, 1897. 
2 Neue Ansichten der Hundswuth, etc., 1804, p. 180. 
3 Scharfs Arch, de Mediz. Polizey, Bd. 3, 1, Samml., S. 10. 
4 Jour, de Phys. Exp., 1823, 3, p. 382. 
6 Beitrage zur naheren Kenntnis der Wutkrankheit, 1829. 
6 Recucil de med. vet., 1841, 1842, 1856. 
7 Lubarsch-Ostertag: Ergebn. d. Allgemein Path., etc., 1900, 7, p. 662. 
8 Kolle and Wassermann: Handbuch path. Mikro-Org., 1913, 8, p. 832. 
8 Virch. Arch., 1882, 87, p. 89. 

io Ztsch. f. Hyg. u. Infectionskr., 1903, 44, p. 519. 
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Stephanescu,11 who describes the finding of Negri bodies in the glan- 
dular cells of the parotid of a rabid dog. Lina Luzzani12 says, con- 

cerning the examination of the salivary glands in a case of human 
rabies, "Ich will zuletzet erwahnen dass sowohl in den Speicheldriisen 
als in der Narbe der gebissenen Haut das Aufsuchen parasitarer For- 
men, die denen in den Nervenzellen befindlichen gleich waren, vollstan- 

dig negativ ausgefallen ist." 

Ganslmayer,13 in the examination of the submaxillary glands from 
40 mad dogs, obtained experimentally positive results in 37 of the cases. 
Positive results were less frequently obtained with parotid and sub- 

lingual glands, but in none of the glands did he find anything resem- 

bling the Negri bodies in Amnion's horn. 
In spite of a full knowledge of the almost uniform failure of micros- 

copic examination of the salivary glands in rabies to confirm the 

assumption that Negri bodies are the cause of rabies or to suggest some 
other agent, it was with only a partial appreciation of the difficulties 
to be encountered that this study of the structures of the mouth and 
the salivary glands of rabid dogs was undertaken. 

Through the kindness of Dr. F. O. Tonney, Director of the Labora- 

tory of the Chicago Department of Health, I obtained the heads of 18 
rabid dogs. As controls the salivary glands from 15 normal dogs 
were examined. The material was fixed by different methods; Zenker's 
fluid, bichloride of mercury and acetic acid, alcohol and formalin, and 
the tissue was infiltrated with paraffin. Various staining methods were 
used?alcoholic eosin and methylene blue, rosanilin and methylene blue, 
iron hematoxylin, Giemsa and Levaditi stains. As a whole, the alco- 
holic eosin and methylene blue was found to be most satisfactory. 

A microscopic examination was made of the salivary glands of 15, 
and of the epithelium of the tongue and various portions of the mouth, 
the pharynx and esophagus, of 9 supposedly normal dogs. In 4 cases 
some of the larger ducts of the submaxillary gland contained rather 
numerous ameboid-like bodies, in 2 cases a definite parasite was present 
in the glands (see p. 302), and in 3 cases the submaxillary glands con- 
tained rather large numbers of secretion granules. 

It seems best at this point to describe briefly certain bodies found 
in the salivary glands and epithelium of the mouth in normal dogs for 

comparison with those found in rabid dogs. 

u Compt. rend. Soc. de Biol., 1907, 62, p. 886. 
12 Centralbl. f. Bakteriol., I, O., 36, p. 540. 
i8 Ibid., 1910, 55, p. 487. 
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In three cases the submaxillary glands contained considerable num- 
bers of granules which stain bright red with rosanilin and bluish black 
with iron hematoxylin but not at all or slightly with eosin. These 

granules occur in the glandular cells and occasionally in the epithelial 
cells of the ducts. They may be loosely scattered throughout the cells 
or closely aggregated in cyst-like cavities and are regarded as secre- 
tion or zymogen granules. Sections from the other cases contain few 

Fig. 1.?Small Negri bodies in the duct of the salivary gland. 

or none of the granules. It is easily seen that the presence of such 

granules would make difficult or impossible the differentiation of and 
recognition of small, delicately stained Negri bodies. 

The ameboid-like bodies found in the ducts of the submaxillary gland 
of 4 normal dogs were even more frequently found in the rabid animals. 

Fig. 2.?Small Negri bodies in the acinar cells of the savary gland. odes 
Fig. 3.?Medium sized nucleated forms of Negri odes n te acnar cells. 
Fig. 4.?Negri bodies associated with undifferentiated bodies in hte acnar cells . 
Fig. 5.?a, b, c, d, various forms of Negri bodies present in the salvary glan; e, sporog- 

enous form. 
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These bodies vary greatly in size, and are usually round or oval, but 
the larger forms may be quite irregular in shape. They are sometimes 

quite numerous, particularly the smaller forms. In some cases they 
appear vacuolated; this is especially true of the larger forms. The 
vacuoles occupy the central portion, and the peripheral zone presents 
an homogeneous appearance. Not infrequently these bodies contain 

deeply stained refractile granules or blue stained areas and often resem- 
ble closely certain forms of Negri bodies. The small forms often 

appear homogeneous and structureless. The ground substance stains 

pink with eosin and red with rosanilin. For the most part they appear 
free within the lumen of the ducts, but they are also seen apparently 
within or between the epithelial cells of the duct or lying closely against 
them. In the lumen they are usually surrounded with mucous and 
often with much granular debris. No bodies resembling Negri bodies 
are found in the ganglion cells lying close to the ducts containing these 
bodies, as is often the case in the glands of rabid animals. 

A very interesting and multiform parasite was present in the 

salivary glands of two old dogs which were used as controls. The 

parasite is described in some detail for the reason that certain forms 
found in these glands resemble somewhat forms found in the glands 
of rabid dogs but without the accompanying distinctive forms present 
in these two cases. 

These organisms were chiefly confined to the anterior lobe of the 

submaxillary gland, but in one case certain forms were found in con- 
siderable numbers in the parotid. The parasites in the first location 
are numerous, of large size and very striking in appearance and occur 
in the acinar cells. A form which probably represents the vegetative 
stage consists of a deeply stained central portion of variable size sur- 
rounded by a clear, unstained zone of varying width. These bodies are 

usually about 10 mikrons in diameter. The central portion may be 
more or less irregular in outline, but usually small bodies are seen 

budding off from it or lying free in the clear peripheral zone. Another 
form which occurs in about the same numbers consists of a clear, 
lightly blue stained ground substance in which are imbedded one or 
several round, deeply red-stained bodies, which usually differ consider- 

ably in size. These cyst-like forms vary more in size than those first 
described. A more detailed description will be given in another article 

(see p. 302). Associated with the bodies described in one of these cases 
and quite often seen in the salivary glands of both normal and rabid 



Negri Bodies in Salivary Glands and Organs in Rabies 295 

dogs are round bodies which stain a light pink with eosin, the central 
portion taking a deeper stain, and the color shading off toward the 

periphery without differentiation into central and outer portion. They 
occur singly or in considerable numbers in the acinar cells of the sub- 

maxillary gland. These bodies appear quite homogeneous with no 
nucleus visible. There is considerable variation in size, although when 
a number occur in the same cell they are usually of about the same 
size. With the exception of degenerative changes in the infected cells, 
there is very little reaction in the tissues. No more highly differentiated 
forms are associated with these bodies in any of the glands from 
normal dogs, except the two described. 

No changes worthy of mention at this time were found in the 
epithelium of the esophagus, pharynx, roof of the mouth or of the 
tongue. 

Microscopically the salivary glands of rabid dogs present quite a 
variety of appearances. In some the changes are slight and chiefly in 
the region of the ducts, in others there is a moderate but rather uniform 
distribution of changes throughout the gland. Sometimes only a com- 

paratively small part is involved, while the rest appears normal, or the 

larger part of a gland may appear greatly altered and a small part be 

apparently more recently and less severely involved. The infiltration 
is most marked about the ducts and blood vessels but also penetrates 
the gland substance. The infiltrating cells are for the most part mono- 
nuclears ; in some instances there are considerable numbers of polymor- 
phonuclear leukocytes present, but abscess formation was not noted in 

any of the cases. There is often more or less infiltration of the duct 
epithelium and some desquamation of the epithelial cells. The amount 
of degenerative change in the acini varies greatly. In the cases exam- 
ined the submaxillary gland was much more frequently involved than 
the parotid. 

In one case in which the alterations in the salivary glands were mild 
and chiefly in the vicinity of the ducts, considerable numbers of small 
delicately stained bodies are present in the duct epithelium. These 
bodies are round, fusiform or irregular in shape and usually contain 
one or more deeply stained refractile granules centrally or eccentrically 
placed and are especially well seen in the outer portions of the cells. 
The delicacy of structure and staining make a proper background neces- 
sary for their recognition and differentiation from bits of coagulated 
serum, etc. They doubtless occur in the cells of involved acini but 
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positive identification is usually impossible on account of the staining 
reaction of the cells. Similar bodies are present in the ganglion cells 
included in sections of this gland. These small bodies were occasion- 

ally seen in the duct epithelium of other cases. In fact, this form of 
Negri body was found in the ganglion cells in the salivary glands of 
eight of the rabid dogs, while nothing resembling them was found in 
the ganglion cells in this location in normal dogs. These forms corre- 
spond to certain forms found in the brain, especially in brains of fixed 
virus guinea-pigs and are very well described by Williams and 
Lowden.14 

In other glands degenerative changes in the acini are much more 

general, including the greater part of the gland, infiltration being a 
rather marked feature. Not infrequently the greater part of the sub- 

maxillary gland may be thus involved, while a small part of the gland 
may show less change and a more active process. Careful search in 
the more changed portion usually discovers small numbers of medium 
sized rather delicately stained Negri bodies, while in the less changed 
portions there are considerable numbers of bodies which at least strongly 
resemble Negri bodies. Some of the acini in this location are appar- 
ently normal, but scattered throughout are many acini in which a kind 
of liquefaction of the cytoplasm seems to have occurred, the lumen 

being filled with coagulated muco-albuminous material. A few nuclei 

may usually be seen about the wall of the acinus. There may be com- 

paratively little infiltration in these locations or there may be a con- 
siderable amount, the infiltrating cells being of the mononuclear type 
chiefly. Here, as in the brain, one may find one or more of these 
bodies in a seemingly normal cell, but usually the cells containing para- 
sites show more or less degeneration and of some only remnants remain. 
The bodies found here are mostly small and medium sized forms, with 

usually a blue stained central portion and with or without the refrac- 
tile granules. Certain forms which I have not found very often in 
the brains are present in one case in considerable numbers. In these 
a rather wide deeply red stained rim surrounds a circular, lighter blue 
or bluish pink stained central portion or sometimes two such lighter 
portions which appear undifferentiated. The shape of these bodies is 

irregularly round or oval. One occasionally sees forms in which the 
central portion seems on the point of extrusion, vacuolated forms are 
also seen in the same cells with more light bluish-pink stained bodies, 

" Jour. Infect. Dis., 1906, 3, p. 452. 
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and one is led to infer that the latter may have been extruded from the 
vacuolated forms. In this and one other case forms which seem to 

correspond to Watson's 15 sporogenous forms are present in the acini. 
These forms vary in size but are quite regularly round or oval and 
consist of a homogeneous bluish pink stained ground substance or 
cytoplasm in which are imbedded rather brightly red stained, small, 
spherical bodies. In some cases these spores are small and lie close 
together in the center of the parent body so that unless one observes 
carefully, the real structure of the organism is not appreciated, but in 
most cases these spore-like bodies are easily differentiated from the 
more basic staining cytoplasm in which they lie. Quite frequently, 
especially in sections of the brain, one finds bodies in which only 2 or 3 

spores remain within the parent body, while just outside but still in 
contact with it are a number of bright red stained spore-like bodies. 
It seems probable that the number of spores is variable, at least I have 
not been able to make out a definite number. Occasionally there can 
be seen a weakly blue stained, irregularly oval central part which 

probably represents the nucleus, but generally no nucleus is visible. 
The sporogenous forms described by Watson differ somewhat from 
those described by me. He describes the protoplasm of the parent cell 
as staining pink with no indication of a nucleus, while in my cases I 
not infrequently observed bodies in which there were indications of a 
nucleus, and the protoplasm usually took a decidedly basophilic tint. 
These differences may, however, be due to differences in the staining 
method, for in the main the descriptions agree very well, and we are 
doubtless dealing with the same forms. 

Exactly similar forms were found in sections of the brain from two 
of these cases but no histories of the dogs in which these were found 
were obtainable. In the cases described by Watson, the course of the 
disease was unusual. The dogs had presented the usual clinical symp- 
toms : uneasiness, restlessness, evident signs of distress and irritability 
and during this stage had bitten people. The dogs were consequently 
confined and about 20 days later died, the reported cause of death being 
distemper. A somewhat belated examination of the brain, however, 
disclosed the presence of Negri bodies. These cases would suggest that 

sporogenous forms develop later in the course of the disease. 
I was able to obtain all of the organs from only one rabid dog, and 

these were not in a good state of preservation; consequently the results 

16 Jour. Exper. Med., 1913, 17, p. 29. 
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of the examination were not entirely satisfactory. Negri bodies were 
found in the brain but in none of the other organs except the supra- 
renal. In the suprarenal these bodies were found in the cells of the 
medulla, and were chiefly of medium and small size and quite numerous 
in places and typical in appearance. Many of them have the dark blue 
nucleus with dark brown refractile granules in the surrounding cyto- 
plasm. There are also many of the tiny undifferentiated forms present. 
The changes found in the suprarenals agree with those described by 
Cornwall16 and consist of a swelling of the gland with more or less 

autolytic change in the cells. There is no infiltration. The presence of 

Negri bodies in this location agrees with my observations on the supra- 
renals in rabid guinea-pigs in which the disease developed slowly. 
There were only slight changes in the salivary glands, and these were 

chiefly in the ducts in which a considerable number of the ameba-like 

organisms were found. 
In order to determine whether Negri bodies are present in the 

mouths of rabid dogs in recognizable forms smears were made of the 
saliva present in the mouths of some of the dogs examined, also later 
in the work smears of scrapings from the tongue were examined. 
Examination of the smears of the saliva has not yielded satisfactory 
results. The deeply red stained granules described as present in the 

salivary glands of normal dogs are sometimes seen in large numbers 
in these smears, but bodies that could be positively identified as Negri 
bodies were not often found. In two cases examined, smears of scrap- 
ings of the tongue were made and numerous bodies, which in some 

respects resemble Negri bodies, were found. Whether these bodies 
are identical with the ones found in the epithelium of the tongue under 
normal conditions, or whether they are bodies carried with the saliva 
from the ducts and acini of the salivary glands, is difficult to determine 
as in staining reactions, size and structure all of these bodies so much 
resemble one another. 

In addition to the study of the salivary glands, oral cavity and 
brains of rabid dogs, an examination was made of the tissues of rabid 

guinea-pigs. Two of these pigs were inoculated with fixed virus, 3 
with the filtered (Maassen) emulsion of the brain of 1 of the fixed 
virus pigs, and 2 with filtered emulsion of the salivary glands from 
rabid dogs. All were inoculated by the intracranial method. The 2 
fixed virus pigs showed symptoms of the disease and were killed 6 and 

16 Indian Jour. Med. Res., 1919, 7, p. 148. 
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11 days, respectively, after inoculation. The 3 pigs injected with 
filtered emulsion of fixed virus brain, from one of the aforementioned 
pigs, were killed 7 days after injection. 

While the study of the brains from these animals added much to 
my own knowledge of the subject, there is little to add to the already 
complete literature on the pathology of the brain in rabies. I should 
like, in this connection, to mention the finding of small bodies in the 
nuclei of ganglion cells in the brains of the experimental animals 
especially, which after considerable study I regarded as small forms 
of Negri bodies. These bodies stain rather brilliantly red, are round, 
quite distinctly.outlined and usually undifferentiated, and the nucleus 

containing them often shows more or less degeneration. In one case 
a somewhat larger differentiated form was occasionally seen in this 
location, which in every respect resembled the smaller nucleated forms 
found in the cytoplasm of the nerve cells. These bodies are doubtless 
similar to those seen by Williams 17 in the sections of fixed virus brains. 

No lesions or Negri bodies were found in sections of the salivary 
glands of the guinea-pigs. In one or two cases bodies which resembled 
certain forms of Negri bodies were seen in the lymph glands and spleen, 
but certain identification of the bodies in this location is difficult. I am 
certain, however, that Negri bodies were found in the suprarenal glands 
of the 2 guinea-pigs living 31 and 41 d&ys after inoculation. These 
were present in both the cells of medullary and cortical portions of the 
gland. There were degenerative changes in the cells but almost no 
infiltration of the tissues. Other organs were apparently negative. 

There is now general agreement as to the value of Negri bodies in 
the diagnosis of rabies and as to their protozoan nature. The complete 
life cycle of the organism has not as yet been observed, and there are 
some not very important differences of opinion as to its classification. 
Negri10 regarded them as parasites of an animal nature. Calkins 18 
thinks Neurocytes hydrophobiae offers evidence of rhizopod affinities, 
the variable forms, uninucleate condition leading to a condition of dis- 
tributed chomatin, and the budding phenomena being common to rhizo- 
pods and not to sporozoa. Williams and Lowden, and Watson place 
them among sporozoa, but since, according to Hertwig,19 the sporozoa 
must be regarded as rhizopods or flagellates modified by parasitism, 
this can scarcely be regarded as a serious disagreement. Watson still 

17 Jour. Infect. Dis., 1906, 3, p. 467. 
18 Protozoology, 1909. 
19 Manual of Zoology, 1912. 
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further classifies these organisms, placing them in suborder Crypto- 
cytes or Microsporidia and among the Oligasporagenea of the Glugeidae 
family. 

The character of the organisms found in the salivary glands of 
normal persons makes it a difficult matter to differentiate between 
these and the very numerous forms of Negri bodies in the rabid animal. 
In staining reaction and structure certain forms of these organisms 
resemble Negri bodies very closely, as has previously been pointed out. 
To illustrate: In one of these cases of rabies the larger ducts of the 

submaxillary gland contain many small oval bodies, and in the ganglion 
cells lying close to the ducts are many small Negri bodies of about the 
same size. The latter appeared somewhat less homogeneous than those 
in the ducts, but the variation was not greater than that which often 
occurs among Negri bodies in a single section of the rabid brain. That 
the bodies in the ducts are not Negri bodies seems likely since similar 
bodies are sometimes found in this location in the normal animal; while 
the bodies in the ganglion cells are doubtless Negri bodies as bodies like 
them have not been found in the ganglion cells of the salivary glands 
of normal dogs. 

The same uncertainty is felt in regard to the small, round, lightly 
pink stained, undifferentiated bodies found associated with Negri bodies 
in the salivary glands of rabid dogs. These undifferentiated forms are 
sometimes seen in the same cell with seemingly undoubted Negri bodies 
in the glands of rabid animals, while quite similar forms are found in 
the glands of normal dogs, but unassociated with anything resembling 
Negri bodies. In one or two cases of rabies these round lightly stained 
bodies seemed to be thrown off from the deeply red stained bodies with 

lightly blue stained centers, which sometimes appeared to contain a 
vacuole and at other times seemed on the point of extruding a round 

lightly stained body. Although not absolutely sure that these red bodies 
are forms of Negri bodies they so closely resemble forms found in the 
brains of these animals that they have been considered as forms of 

Negri bodies. An added reason for believing they may be Negri bodies 
is the absence of similar forms in normal cases. Apparently the only 
satisfactory means of answering these questions would be the cultiva- 
tion of the organism. 

In spite of these difficulties there are some things which stand out 

clearly in a comparison of the rabid glands with those from normal 

dogs. There is a more extensive involvement of the glands in some 
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cases of rabies than has been observed in any of the normal animals, 
also the character of the changes differ in some particulars in cases in 
which the salivary glands in normal dogs are infected with a certain 
parasite, the glandular cells of a definite portion, usually the anterior 
lobe of the submaxillary, are almost literally filled with organisms, 
and their presence calls forth only a mild reaction in the tissues, whereas 
in the rabid dog the submaxillary glands may be quite uniformly altered 
throughout, the changes consisting of rather advanced degenerative 
changes in the glandular cells and much infiltration, while comparatively 
few recognizable forms of Negri bodies may be found. In other cases 
the rabid glands may show mild changes, and considerable numbers 
of the small delicately stained Negri bodies may be present in the duct 
epithelium and ganglion cells and seemingly, at least, in less numbers in 
the glandular cells. 

Without doubt, in some cases I have found Negri bodies associated 
with organisms that occur in these glands in the normal dog, in which 
cases it was impossible to differentiate certain forms. 

SUMMARY 

A careful study of the salivary glands of normal and rabid dogs 
makes it apparent that they offer favorable conditions for the growth of 
certain protozoa, some of the developmental forms of which render 
differentiation between them and certain forms of Negri bodies impos- 
sible, or at least a very difficult task. It seems certain, however, that 
in many cases of rabies Negri bodies may be identified positively in the 
salivary glands. 
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