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L esion Development in White-tailed Deer (Odocoileus
virginianus) Experimentally Infected with Mycobacterium bovis

M. V. PaLmMER, W. R. WATERS, AND D. L. WHIPPLE

Bacterial Diseases of Livestock Research Unit, National Animal Disease Center, Agricultural Research Service,
US Department of Agriculture, Ames, IA

Abstract. The recent discovery of tuberculosis in free-living white-tailed deer in northeastern Michigan
underscores the need for increased understanding of the pathogenesis of tuberculosis in wildlife species. To
investigate lesion development in white-tailed deer, 32 deer were experimentally infected by intratonsilar in-
stillation of 300 colony-forming units dflycobacterium bovis. Three deer each were euthanatized and examined
at days 15, 28, 42, and 56 after inoculation, and five deer each were euthanatized and examined at days 89,
180, 262, and 328 after inoculation. Microscopic lesions first were seen in the medial retropharyngeal lymph
node and lung 28 and 42 days after inoculation, respectively. Lung lesions were present in 12 (38%) of 32
deer, involving 23 lung lobes. Left caudal and right middle and caudal lobes were involved in 17 (74%) of the
23 affected lung lobes. Lesions in the medial retropharyngeal lymph node first appeared as granulomas com-
posed of aggregates of macrophages and Langhans-type giant cells. Some early granulomas contained centrally
located neutrophils. As granulomas developed, neutrophils were replaced with a central zone of caseous necrosis
that first showed signs of mineralization 42 days after inoculation. Granulomas increased in size as the zone of
caseous necrosis expanded. Peripheral fibrosis, first seen at 56 days after inoculation, progressed to only a thin
fibrous capsule by 328 days after inoculation. By the termination of the study, the central necrotic core of the
granuloma contained abundant liquefied necrotic material and grossly resembled an abscess. Although tuber-
culous lesions in white-tailed deer follow a developmental pattern similar to that in cattle, fibrosis is less
pronounced and the advanced lesions may liquefy, a change seldom reported in cattle. An understanding of
lesion development will aid in the identification of the spectrum of disease that may be seen in this important
wildlife reservoir of tuberculosis.

Key words: Deer; granulomaMycobacterium bovis; Odocoileus virginianus; tuberculosis.

In 1994, a free-living white-tailed dee©¢ocoileus in increased numbers of deer, but causes prolonged
virginianus) in Michigan was diagnosed with tuber-crowding of deer around feeding sites with increased
culosis caused biycobacterium bovis.??> Subsequent opportunity for deer to deer contact and enhanced
surveys conducted by the Michigan Department dfansmission of tuberculosis. DNA analysishdfbovis
Natural Resources and Michigan State University Ansolates from Michigan white-tailed deer has shown
imal Health Diagnostic Laboratory identified an epithat the majority of deer were infected with a common
demic of M. bovis infection in free-living white-tailed strain of M. bovis, suggesting a single source of infec-
deer in northeastern Michigah?? This represents thetion.?” The presence oM. bovis in wildlife also rep-
first known reservoir oM. bovisin free-living wildlife resents a serious threat to domestic livestock. Eighteen
in the United States and the first known epidemic d&fl. bovis-infected cattle herds have been identified in
tuberculosis in white-tailed deer in the world. Severdflichigan since the identification of tuberculosis in
factors are thought to have contributed to the estabhite-tailed deer. Restriction fragment length poly-
lishment and persistence ®. bovis in this wildlife morphism analysis oM. bovis isolates from deer and
reservoir. These factors include the large number céttle show that they are identical, suggesting that cat-
cattle infected withM. bovis in Michigan during the tle became infected through contact with tuberculous
late 1950% and a deer population that has steadilyvhite-tailed dee#
grown beyond normal habitat carrying capacity to fo- Little is known concerning the pathogenesis of tu-
cal concentrations of 19-23 deer per3&A contrib- berculosis in white-tailed deer. Development of diag-
uting factor to overpopulation has been long-term wimostic tests, vaccines, or other tools that may be used
ter feeding to prevent deer migration and decreagedisease control programs will require an improved
winter mortality in order to keep deer numbers highnderstanding of the development of tuberculosis in
for hunting purpose%. Winter feeding not only results white-tailed deer. This study was conducted to exam-
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ine the development and distribution of lesions in '.2522‘%2,“,2;?:2,:; ez
white-tailed deer experimentally infected with bovis. [ restopiie [ Ponera Ligufecton o

| | | | |
Materials and Methods |— ! I 1 1

0 15 28 42 56 328

Animals ‘ ! f
Microscopic lesions  Gross lesions
Thirty-two, 9-month-old female and castrated male white- :

present present
Inoculation

tailed deer were inoculated intratonsilarly with approximate-
ly 150 colony-forming units (CFU) oM. bovis strain 1315

into each tonsilar crypt for a total dose of 300 CFU, as Fig- 1. Schematic representation of the chronology of

described previousl. Strain 1315 was originally isolated in Morphologic changes in the medial retropharyngeal lymph

1995 from a white-tailed deer in Michigan. For intratonsilap@des of white-tailed deer inoculated intratonsilarly with 300

inoculation, deer were anesthetized by intramuscular injggFY of M. bovis and examined at various times after inoc-

tion of a combination of xylazine (2 mg/kg; Mobay Corpo{lation.

ration, Shawnee, KS) and ketamine (6 mg/kg; Fort Dodge

Laboratories, Fort Dodge, IA). After inoculation, the effects

of xylazine were reversed by intravenous (IV) injection overe processed by routine paraffin-embedment techniques,

tolazoline (4 mg/kg; Lloyd Laboratories, Shanandoah, IA)cut in 5um sections, and stained with hematoxylin and eo-
Animals were housed in Association for Assessment asth (HE). Adjacent sections were cut from samples contain-

Accreditation of Laboratory Animal Care International aping lesions suggestive of tuberculosis and stained by the

proved biosecurity level 3 housing, and fed a commercigiehl-Neelsen technique for identification of acid-fast bac-

pelleted feed with free access to water. An outline of aleria®

procedures was approved by the National Animal Disease

Center Institutional Animal Care and Use Committee before Results

the beginning of the experiment. Animal euthanasia was Delayed-type hypersensitivity tM. bovis was not

condL_Jcted in a manner consistent w!th_the guidelines of tAean in any deer before inoculation. Ninety and 180

American Veterinary Medical Association panel on eUthEHays after inoculation, all experimentally inoculated

nasia? o . . .
Before to inoculation and 90 and 180 days thereafter, d%aﬁ/lr et;(Of:/Iik;Ited DTH reactions consistent with exposure

layed-type hypersensitivity (DTH) tdl. bovis was measured . . .
by intradermal skin testing by the comparative cervical skin Mycobacterium bovis was not isolated from any

test (CCT), as described previousty? sample of feed, water, or feces from the floor of the
_ pens at any time during the experiment. Likewisk,
Sampling bovis was not isolated from urine, feces, or any swab

Before inoculation and at 30-day intervals thereafte®f the oral cavity, nasal cavity, rectum, or tracheal lu-
swabs of the nasal cavities, oral cavity, and rectum weraen at any time. Howeveiy. bovis was recovered
obtained and processed for isolation Mf bovis, as previ- from a swab of the tonsilar crypt of one deer that was
ously described! Additionally, to examine the degree of en-euthanatized at 28 days after inoculatityh.bovis was
vironmental contamination that may result from inoculatefot jsolated from any sample of brain; kidney; spleen;

deer excretingvl. bovis, at 30-day intervals, samples of feedliver; or iliac, prefemoral, popliteal, or superficial cer-
water, and feces from the floor of each pen were collect al lymph nodes

and processed as described for the isolatioMofbovis.t” cobacterium bovis was recovered from the pal-
Three deer each were euthanatized and examined 15, 28, 4 Y P

and 56 days after inoculation. Five deer each were euthaHine tonsil and med'a_l retrop_haryngeal lymph n_Ode at
atized and examined 89, 180, 262, and 328 days after #15_ days, the earlle_st time p_omt examined af_ter Inocu-
oculation. Animals were anesthetized as above and euthition; however, microscopic and gross lesions were
atized by IV sodium pentobarbital. At necropsy, the follownot seen until 28 and 42 days, respectively, after in-
ing tissues or fluids were collected and processed for isolzeulation (Fig. 1). Pulmonary lesions were first noted
tion of M. bovis as described palatine tonsil; pharyngeal 42 days after inoculation (Table 1). Lesions in the
tonsil; mandibular, parotid, medial retropharyngeal, superﬂjngs consisted of small, often solitary, 3- to 10-mm

teric, iliac, prefemoral, and popliteal lymph nodes; lung; "Vdry, sometimes gritty contents (Fig. 2). Although le-

er; spleen; kidney; brain; urine; feces; and swabs of the tog'i'ons were present in lungs of deer from 42 days after

silar crypts and tracheal lumen. Each lung lobe was exatll | lation to the termination of the experiment. the
ined separately and cross-sectioned at 0.5- to 1.0-¢H b £ oul lesi hei peri d'd
intervals. Tissues collected for microscopic analysis wefgIMDEr of puimonary lesions or their severity did not

fixed by immersion in 10% neutral buffered formalin andnCrease as the experiment progressed. Twelve (38%)
included all tissues collected for bacteriologic examinatiodf 32 deer had lung lesions involving 23 separate lung
as well as adrenal gland, myocardium, abomasum, and abes. The left caudal and right middle and caudal lung
men. For microscopic examination, formalin-fixed tissude®bes represented 17 (74%) of 23 of the affected lobes
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of necrosis containing partially mineralized debris and

moderate numbers of acid-fast bacilli. Necrotic cores

were surrounded by variably thick bands of macro-

phages, Langhans-type multinucleated giant cells, and
lymphocytes interspersed in a stroma of loosely ar-

ranged collagenous connective tissue.

At 262 days after inoculation, medial retropharyn-
geal lymph node lesions were similar to those seen at
180 days after inoculation; however, more extensive
mineralization of the necrotic debris within the centers
of granulomas was present.

Medial retropharyngeal lymph nodes were grossly
similar at 328 days after inoculation to those seen at
the previous time points; however, on sectioning, many
lesions contained central liquefied, purulent material.
Microscopically, such lesions were composed of coa-
lescent, expansive, partially mineralized, necrotic ma-
terial surrounded by a thin rim of macrophages, Lan-
ghans-type multinucleated giant cells, and lympho-
cytes in a loosely arranged fibrous stroma. Moderate
numbers of neutrophils were present at the interface
between the necrotic core and granulomatous infiltrate.
Variable numbers of acid-fast bacteria were present
within the mineralized necrotic material.

Lesions in the lung followed the same developmen-
tal pattern as did lesions in the medial retropharyngeal
lymph nodes with some exceptions. Microscopic le-
sions were first seen at 42 days after inoculation and
mineralization of the necrotic core and evidence of
mild peripheral fibrosis were seen on days 56 and 89,
. . respectively, after inoculation. This represented a shift
[:] rlght cranial lobe of one time point later than the appearance of such

right middle and cranial lobes changes in the medial retropharyngeal lymph node.
Additionally, although lung lesions progressed to co-

% left cranial lobe alescent caseonecrotic granulomas with central min-
left caudal lobe eralization and mild peripheral fibrosis, no evidence of
liguefaction of the necrotic core was seen in lung le-
accessory lobe sions at any time.
Fig. 3. Schematic of deer lung demonstrating the distri- Discussion

bution of lung lesions in white-tailed deer intratonsilarly in- L . . )

oculated with 300 CFU ofA. bovis and examined at various ~EXamination of lesion development in the medial
times after inoculation. Numbers represent the percentage'8ffopharyngeal lymph node in the present study is
deer with lesions in a respective lung lobe. appropriate for two reasons. First, although the tonsil

has no afferent lymphatics, the efferent lymphatics

drain primarily to the medial retropharyngeal lymph
cytes. Von Kossa staining revealed central granulaodes? Therefore, after intratonsilar inoculation, me-
mineralization of necrotic debris. Low to moderatéial retropharyngeal lymph nodes should be one of the
numbers of acid-fast bacilli were present within thearliest sites of lesion development. Second, the me-
mineralized area. Thin bands of collagen, visualizedial retropharyngeal lymph node is often the most
by Masson’s trichrome staining, surrounded the granemmonly affected tissue in naturally infected white-
uloma, separating it from unaffected lymph node. tailed deet31522

Medial retropharyngeal lymph nodes at 180 days The first appearance of microscopic lesions 28 days

after inoculation, grossly resembled those seen at thier intratonsilar inoculation is analogous to that seen
previous time point. Lesions were also microscopicalip cattle inoculated in similar fashidfi.In contrast,
similar, with the exception of more expansive regionzattle inoculated intranasally develop lesions as early
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days after inoculation. Early granuloma is composed of macrophages and Langhans-type multinucleated giant cells. HE.
Bar = 55 um.

Fig. 5. Medial retropharyngeal lymph node; white-tailed deer inoculated intratonsilarly with 300 CRU lodvis, 28
days after inoculation. Centrally located neutrophils are surrounded by macrophages and Langhans-type multinucleated
giant cells. HE. Bar= 88 pm.

as 7 days after inoculationThis difference may be 73—89% of cattle with confirmed tuberculosig? The
due to host species differences or differences in roygeedilection for lesion development in caudal lung
of inoculation, inoculum strain, or inoculum dosagdobes, as seen in the present study, has been reported
The cellular constituents of lesions seen in deer in tivetuberculous cattle, where 90% of pulmonary lesions
present study are similar to those seen in catfie.are found in the diaphragmatic lobes, approximately
However, in contrast to cattle, in deer, only mild fibro50% of which are in the distal one thité!?2* The
sis surrounding granulomas was present even at 32&son for such a predilection is unclear. The delayed
days after inoculation. Prominent collagen depositiappearance of mineralization of the necrotic core and
has been noted in lesions from cattle as early as péripheral fibrosis of lung lesions as compared to le-
days after intratonsilar inoculatich. sions in the medial retropharyngeal lymph node sug-
In the present study, intratonsilar inoculation of 30@est that lymph node lesions predated the lung lesions.
CFU of M. bovis resulted in infection or lesion devel-Lung lesions may have developed as sputum contain-
opment in 32 (100%) of 32 inoculated deer. Similang M. bovis was inhaled. Hematogenous spreadviof
inoculation of red deerCervus elaphus) with dosages bovis to the lung was less likely because this would
of M. bovis ranging from 8 to 8,000 CFU resulted inresult in more numerous lung lesions disseminated
infection of 87% of inoculated de&.Much higher widely throughout the lung.
dosages, 1.5 1(° to 2 X 10’ CFU, have been used Although the cellular response td. bovis is con-
to experimentally infect cattle!® Under the conditions sidered to be of a granulomatous nature, in the present
outlined in the current study, white-tailed deer seem &tudy, the earliest lesions were composed of both mac-
be highly susceptible to infection witil. bovis. rophages and neutrophils. Later, lesions seen at 328
Twelve (38%) of 32 deer in the present study dedays after inoculation also contained moderate num-
veloped lung lesions consistent with tuberculosibers of neutrophils at the interface between the ne-
Lung lesions were first seen 42 days after inoculatiocrotic core and the granulomatous infiltrate. Neutro-
In cattle inoculated intranasally, lung lesions are seghils have been noted in early lesiors2(l days after
as early as 7 days after inoculatiom cattle examined inoculation) of experimentally infected cattlend ba-
at an abattoir, lung lesions were reported in 7-17% oillus Calmette-Glugr—induced granulomas in experi-
tuberculous cattlé??> However, careful examinationmentally infected micé® Neutrophils are capable of
of the lungs has revealed lung lesions in as many kifling both virulent and avirulenivycobacterium tu-
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berculosis in vitro* and have been shown to play a The description of the spectrum of lesions that de-

protective role in mouse models of tuberculdsis.  velop in tuberculous white-tailed deer will aid in lesion
In vitro research on giant cell formation has foundlentification in this important wildlife reservoir of tu-

that giant cells initially formed are of the foreign bodyberculosis.

type and those formed later are of the Langhans type.
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