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Introduction

Mycobacterium bovis is the causative agent of tuberculosis in 
animals and has one of the broadest host ranges of any pathogen. 
Mycobacterium bovis can cause tuberculosis in humans clinically 
indistinguishable from that caused by Mycobacterium tuberculosis. In 
the early 20th century, public health concerns posed by transmission 
of M. bovis from cattle to humans, through consumption of 
contaminated milk or meat, prompted the United States, and other 
countries, to implement national programs to eradicate tuberculosis 
from cattle. Efforts have centered on slaughter of cattle reacting 
positively to a tuberculin skin test, and most eradication campaigns 
have been successful in decreasing the prevalence of bovine 
tuberculosis. However, some countries have found it impossible 
to eradicate bovine tuberculosis due to the presence of a wildlife 
reservoir of M. bovis. In most cases, wildlife originally acquired 
tuberculosis from cattle; however, the disease is now spilling back 
from wildlife to cattle, impeding the progress of eradication [1,2]. In 
an effort to reduce wildlife to cattle transmission of M. bovis some 
countries are investigating the possible role of wildlife vaccination.

In 1994, a free-ranging white-tailed deer (Odocoileus virginianus) 
in Michigan, USA was diagnosed with tuberculosis due to M. bovis 
[3]. Subsequent surveys identified the first known reservoir of M. 
bovis in free-ranging wildlife in the United States and a significant 
impediment to ongoing efforts to eradicate bovine tuberculosis from 
domestic livestock [4,5]. Current disease control measures include, 
among other things, decreasing deer density through increased 
hunting. Control and surveillance measures have now been in place 
in Michigan for over 10 years and a significant reduction in apparent 
prevalence of tuberculosis in deer has been achieved; however, 
public support for further population reduction is waning [6]. 
Vaccination of deer could be used in areas of sustained high disease 
prevalence, in order to prevent infection, disease, or transmission. 

Recently, protection to experimental infection with M. bovis, was 
demonstrated by subcutaneous (SC) and oral vaccination of white-
tailed deer with M. bovis Bacillus Calmette Guerin (BCG) Danish [7,8]. 
However, transmission of BCG from vaccinated deer to co-mingled 
unvaccinated deer was also documented [7].

Potential vaccination of wildlife with a live vaccine generates 
various concerns, not least of which is the exposure risk to non-
target species, including domestic livestock. The purpose of this 
study was to evaluate the potential for transmission of BCG from 
vaccinated deer to unvaccinated deer or cattle through direct or 
indirect contact, respectively. Unintentional exposure of cattle to 
BCG may result in increased numbers of false-positive tuberculin skin 
test reactions. An increase in false-positive reactions would confound 
current bovine tuberculosis surveillance efforts and lead to the 
unnecessary slaughter of otherwise normal animals.

Materials and methods

Animals and vaccination

Twenty-nine white-tailed deer (6-18 months old) were obtained 
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Abstract

Mycobacterium bovis is the causative agent of tuberculosis in animals and can cause tuberculosis in humans 
clinically indistinguishable from that caused by Mycobacterium tuberculosis. Efforts to eradicate bovine tuberculosis 
have signifi cantly decreased prevalence in developed countries. However, some countries have found it impossible 
to eradicate bovine tuberculosis due to the presence of a wildlife reservoir of M. bovis. In Michigan, USA there exists 
a reservoir of M. bovis in free-ranging white-tailed deer. Vaccination with M. bovis BCG is one approach to controlling 
tuberculosis in wildlife. Nevertheless, use of a live vaccine generates concerns about exposure risk to non-target 
species, including domestic livestock. Unintentional exposure of cattle to BCG may result in increased numbers of 
false positive tuberculin skin test reactions. Twenty-nine white-tailed deer received 1 SC dose of 107 colony-forming 
units of M. bovis BCG Danish 1331 (n=19) or no vaccination (n=10). Vaccinated and non-vaccinated deer were co-

mingled with opportunity for direct and indirect contact. Twelve unvaccinated Holstein calves were housed in a separate 

paddock with no means of direct contact with deer; however, indirect contact through the sharing of feed and water 

was permitted. After 180 days, 11 out of 15 vaccinated deer and 4 out of 8 non-vaccinated deer were classifi ed as 

reactors using the tuberculin skin test. All 12 calves were categorized as non-reactors, by both the tuberculin skin test 

and BOVIGAM™ assay. Vaccination of free-ranging white-tailed deer with BCG Danish is unlikely to have a deleterious 

effect on tuberculosis surveillance measures in cattle.
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from a captive breeding herd (tuberculosis free) at the National Animal 
Disease Center (Ames, Iowa, USA). All deer were housed and cared for 
according to institutional guidelines. Deer were randomly assigned 
to one of two groups, 1 SC dose of 107 colony-forming units (CFU) M. 
bovis BCG Danish 1331 (n=19) or no vaccination (n=10). Deer were 
vaccinated subcutaneously on the right side of the neck, midway 
between the head and shoulder. Vaccinated and non-vaccinated deer 
were housed together in an outdoor paddock with shared feeding 
and watering sites. Twelve Holstein calves (6 months old, castrated 
males) were not vaccinated and housed in a similar, but separate, 
paddock with no means of direct contact with deer. On a daily basis, 
deer were moved to the cattle paddock and cattle were moved to 
the deer paddock in such a manner as to prevent direct deer-cattle 
contact. Deer feeding was done such that excess feed remained in 
feeders when cattle entered the deer paddock. Switching of pens to 
afford an opportunity for indirect deer-cattle contact proceeded for 
180 days.

Vaccine

The M. bovis BCG Danish 1331 strain was grown in Middlebrook’s 
7H9 media supplemented with 10% oleic acid-albumin-dextrose 
complex (Difco, Detroit, MI) plus 0.05% Tween 80 (Sigma Chemical 
Co., St. Louis, MO) as described for virulent M. bovis [9]. Mid log-
phase growth bacilli were pelleted by centrifugation at 750 x g, 
washed twice with phosphate buffered saline (PBS) (0.01 M, pH 7.2), 
and diluted to the appropriate cell density in 2 ml of PBS. Bacilli were 
enumerated by serial dilution plate counting on Middlebrook’s 7H11 
selective media (Becton Dickinson, Cockeysville, MD). A single vaccine 
dose consisted of 107 CFU M. bovis BCG in 2.0 ml PBS. 

Evaluation of vaccine shedding

Immediately prior to the study, and again at the conclusion of the 
study, all deer and calves were tested for exposure to M. bovis by use 
of the comparative cervical tuberculin skin test (CCT) as described 
previously [10,11]. Deer and calves were categorized as reactors or 
non-reactors, according to USDA guidelines [12]. At the same time, 
cattle were also evaluated using a commercially available interferon-
gamma (IFN-) assay (BOVIGAM™, Prionics, Zurich, Switzerland) as 
described previously [10]. Both the CCT and the BOVIGAM™ assay 
are approved tests for cattle in the United States Department of 
Agriculture (USDA) bovine tuberculosis eradication effort. The USDA 
has also approved the CCT for use in deer. The CCT requires injection 
of purified protein derivative (PPD) from M. bovis (National Veterinary 
Services Laboratories, USDA, Ames, IA) and Mycobacterium avium 
(National Veterinary Services Laboratories) at 2 different sites on the 
lateral neck [12]. Exposure to M. bovis is indicated when the change 
in skin thickness at the M. bovis PPD injection site is greater than that 
measured at the M. avium PPD injection site. Conversely, exposure 
to non-tuberculous mycobacteria is indicated by a change in skin 
thickness at the M. avium injection site greater than that measured 
at the M. bovis PPD injection site [12]. 

All deer were monitored for vaccine shedding by collection of 
oronasal swabs and feces. Samples were collected prior to vaccination 
and on days 14, 28, 42, 56, 89 and 179 after vaccination. One swab 
from each nostril and one oral swab were processed together 
representing a single oronasal sample from each deer at each time 
point. Approximately 2 gm feces was obtained from each deer at each 

time point and processed for isolation of M. bovis BCG.

Necropsy and tissue processing

All deer and all calves were euthanized by intravenous sodium 

pentobarbital and examined at the termination of the study 
(180 days after vaccination). At necropsy, the following tissues 
were examined grossly; liver, lung; mandibular, parotid, medial 
retropharyngeal, tracheobronchial, mediastinal, hepatic, mesenteric 
and superficial cervical lymph nodes; and palatine tonsil. Samples 
of mandibular, parotid, medial retropharyngeal, tracheobronchial, 
mediastinal, hepatic and mesenteric lymph nodes were collected 
for bacteriological isolation of BCG as described [13]. Tissues from 
an individual deer were submitted for bacteriological culture in 3 
pools; head pool (medial retropharyngeal, mandibular and parotid 
lymph nodes), thoracic pool (tracheobronchial and mediastinal lymph 
nodes) and abdominal pool (mesenteric and hepatic lymph nodes). 
Tissues with gross lesions compatible with tuberculosis were further 
processed for microscopic analysis as described [14,15].

Isolation and identification of mycobacterial isolates

Tissue and swab samples were processed for isolation of M. 

bovis BCG as previously described [13] using both the BACTEC 460 

radiometric system and BACTEC Mycobacteria Growth Indicator Tube 

(MGIT) 960 system (Becton Dickinson and Company, Sparks, MD). 

Isolates of M. bovis BCG were identified by a combination of Ziehl-

Neelsen acid-fast staining, biochemical tests and nucleic acid probes 

(ACCUPROBE, Gen-Probe, San Diego, CA). Further identification was 

done using 16S ribosomal DNA sequencing as described previously 

[16].  Sequences were then identified through use of a mycobacterial 

species sequence database [17]. 

From some oronasal swabs a mycobacterial species was isolated; 

however, identification by the above methods was not possible 

due to contamination and overgrowth by non-mycobacteria. These 

mycobacterial isolates were further analyzed by PCR using the 

following protocol. Two milliliters of MGIT culture were centrifuged 

for 3 min at 10,000 x g to pellet mycobacteria. Pellets were washed 

with 1 ml Tris-EDTA (TE) buffer. The pellet was suspended in 200 

l Buffer AL (Qiagen, Valencia, CA) and lysed by boiling for 8 min. 

After cooling to less than 56°C, 20 l Proteinase K (Qiagen) was added 

and incubated overnight at 56°C or until completely lysed. Liberated 

DNA was isolated using QIAMP DNA Mini Kit (Qiagen) according to 

the manufacturer’s directions. Detection of IS6110 was performed 

in 50 l reactions using FASTSTART Taq (Roche Applied Science, 

Indianapolis, IN) according to manufacturer’s directions using 

primers for IS6110 as described previously [18]. Duplicate reactions 

were run using primers Sp1 and Sp2 [19] to serve as a PCR positive 

control and to confirm the presence of mycobacteria. Samples were 

analyzed by electrophoresis on 1.5% agarose gel and visualized with 

ethidium bromide. 

Results

Tuberculin skin testing and BOVIGAM™

Prior to the study all deer and all calves were classified as non-

reactors (negative for exposure to M. bovis) according to USDA 
guidelines for interpretation of CCT results [12]. Likewise all calves 
were categorized as negative using the BOVIGAM™ assay and 

manufacturer’s recommendations for interpretation of results. 
During the course of the study 6 deer died of causes unrelated to 
the experimental procedure (trauma, necrobacillosis, or Pasteurella 
multocida induced pneumonia). Two of six were non-vaccinated deer 
and 4 of 6 were vaccinated deer. From these 6 deer, tissues were 

collected and processed as described above.

At the conclusion of the study (n=23 deer) 11 out of 15 vaccinated 
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deer and 4 out of 8 non-vaccinated deer were classified as reactors 
using the CCT. All other deer were categorized as non-reactors (Table 
1). All 12 calves were categorized as non-reactors or negative, at the 
conclusion of the study, by both the CCT and BOVIGAM assay, 
respectively.

Vaccine shedding

From vaccinated and non-vaccinated deer, a total of 160 oronasal 
swabs and 150 fecal specimens were processed for bacteriological 
culture. At no time during the course of the study was BCG isolated 
from fecal samples. Bacteriological culture of oronasal samples 
yielded a number of isolates of non-tuberculous mycobacteria.  
Mycobacterium fortuitum was isolated from 5 of 19 vaccinated deer 
(Table 2) and 9 of 10 non-vaccinated deer (Table 1). Isolations were 
from a single time point from 9 out of the 14 deer and multiple time 
points from 5 out of the 14 deer (Table 1 and Table 2). Mycobacterium 
smegmatis was isolated from oronasal swabs from 2 vaccinated 
deer at one time point each and Mycobacterium alvei was isolated 
from 2 non-vaccinated deer at a single time point. From 84 of the 
160 oronasal samples processed, an acid fast bacillus belonging 
to the genus Mycobacteria was isolated, but further speciation 
was prohibited due to contamination and overgrowth by non-
mycobacteria. PCR analysis of these isolates identified 2 out of 84 as 
BCG; isolated from 1 vaccinated deer 89 days after vaccination and 1 
non-vaccinated deer 56 days after vaccination (Table 1 and Table 2). 
Final CCT results identified the vaccinated deer as a reactor and the 
non-vaccinated deer as a non-reactor.

Necropsy and tissue processing

Focal caseonecrotic granulomas (1-1.5 cm) were seen in the medial 
retropharyngeal lymph nodes of 1 vaccinated deer (skin test reactor) 
and 1 non-vaccinated deer (skin test non-reactor). Microscopically, 
lesions were characterized by coalescent caseonecrotic granulomas 
composed of macrophages, lymphocytes and multinucleated giant 
cells, all surrounded by thin bands of collagen fibers. Ziehl-Neelsen 
staining did not reveal acid-fast bacteria in any lesions. BCG was 
isolated from tissue samples of 6 out of 19 vaccinated deer and 1 out 
of 10 non-vaccinated deer. Specifically BCG was isolated from tissues 

of the thoracic pool from each of the 6 vaccinated deer and the single 
non-vaccinated deer. Additionally, BCG was isolated from tissues of 
the head pool from the non-vaccinated deer (Table 1). BCG was not 
isolated from either deer with caseonecrotic granulomatous lesions 
in the medial retropharyngeal lymph nodes. In addition to BCG, 
Mycobacterium avium, Mycobacterium kansasii and Mycobacterium 
simiae were also isolated from a single deer each.

Discussion

The present study suggests that indirect contact would not result 
in transmission of BCG Danish from vaccinated deer to cattle, even 
under circumstances of repeated and sustained indirect contact. 
If indirect transmission were to occur, the magnitude of shedding 
would likely be critical. Shedding of BCG was seen inconsistently and 
in a limited fashion from oronasal samples, and not from feces. In 
humans with suspected tuberculosis, sputum and gastric fluids may 
be examined for acid-fast bacilli. Oronasal samples, as collected in 
the present study, would be most analogous to sputum samples from 
humans. Samples of rumen or abomasal fluids (analogous to gastric 
fluid) were not examined in the present study. 

Previous studies have shown that oral exposure of calves to BCG 
does not reliably induce positive tuberculin reactivity as measured 
by the intradermal skin test or IFN- assays [20]. Reports of oral 
vaccination of cattle with 108 or 1010 CFU BCG demonstrated a positive 
skin test response in 3 of 9 and 6 of 10 calves, respectively. Four of 
nineteen orally vaccinated calves developed positive responses to 
the standard IFN- assay. In contrast all calves vaccinated SC with 
106 CFU of BCG developed positive skin test responses. Clearly, in 
cattle, route of vaccination and vaccine dose affect tuberculin skin 
test status. Although the CCT and the BOVIGAM™ assays may not 
identify all cattle exposed to BCG, especially those exposed by the 
oral route; in the current study, bacteriological culture of tissues 
from non-vaccinated calves also failed to yield BCG, suggesting that 
BCG was not transmitted and did not colonize cattle.

Natural behavior of deer and cattle will impact the degree of 
contact, either direct or indirect. In the present study a form of indirect 
contact through sharing of feed and exposure to soiled paddocks 

Bacteriological Culture

Deer ID Pre CCT1 Post CCT2 Feces3 Oronasal3 Tissue4 Tissue Pool5

13 Neg Neg Neg BCG6 (56) M. fortuitum (14) UIM (14, 28, 42, 56, 89) Neg NA

35 Neg Neg Neg M. fortuitum (28, 56, 89) M. alvei (14) UIM (42) Neg NA

1072 Neg Neg Neg M. fortuitum (179) UIM (28, 42, 56, 179) Neg NA

32M Neg Neg Neg M. fortuitum (14) UIM (14, 28, 56, 89) Neg NA

4M7 Neg ND Neg M. fortuitum (14) UIM (14, 28, 42, 56) M. simiae Head

6M7 Neg ND Neg M. fortuitum (14) UIM (42) M. kansasii Thoracic

1M Neg Reactor Neg UIM (14, 42, 56, 89) BCG Head, Thoracic

14 Neg Reactor Neg M. fortuitum (14) M. alvei (28) UIM (14, 42) Neg NA

29 Neg Reactor Neg M. fortuitum (89) UIM (28, 42) Neg NA

20M Neg Reactor Neg M. fortuitum (14) UIM (14, 28, 42, 56, 89, 179) Neg NA
1Comparative cervical tuberculin skin test (CCT) prior to comingling. Neg = no evidence of prior exposure to M. bovis.
2CCT after 180 days of comingling.
3Feces and oronasal swab samples collected prior to comingling and on days 14, 28, 42, 56, 89 and 179 days of comingling. Isolate (sampling day after comingling).
4Isolation of mycobacteria from tissues collected at necropsy after 180 days of comingling. Neg = no mycobacteria isolated.
5For bacteriological isolation of mycobacteria, tissues were allocated into one of three pools; head (mandibular, parotid and medial retropharyngeal lymph nodes), thoracic 
(lung, mediastinal and tracheobronchial lymph nodes), or abdominal (mesenteric and hepatic lymph nodes).
6Unspeciated mycobacteria later identifi ed by PCR as M. bovis BCG Danish.
7Deer died due to trauma unrelated to the experimental protocol prior to end of study.
UIM = Unspeciated mycobacteria not found not to be M. bovis BCG Danish by PCR.

NA = not applicable.
ND = not done.

Table 1: Summary of intradermal tuberculin test and bacteriological culture results from unvaccinated deer co-mingled with Mycobacterium bovis BCG Danish vaccinated 
deer for 180 days.
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was used to simulate a commonly observed form of deer to cattle 

contact. Admittedly, it is not possible to rule out the potential for 

more intimate contact to occur between deer and cattle in a natural 

setting rather than the restrictive indirect contact allowed in the 

present study. However, one study done in the natural surroundings 

of northeastern Michigan showed direct deer-cattle interactions to 

be exceedingly rare; conversely, indirect contact was common [21].

As previously observed white - tailed deer are exposed to and 

harbor a wide variety of non-tuberculous mycobacteria [22,23]. 

Sensitivity to non-tuberculous mycobacteria may result in false 

positive results upon intradermal tuberculin testing. In the present 

study, to differentiate intradermal tuberculin reactions due to non-

tuberculous mycobacterial sensitivity from true M. bovis infection, 

the CCT was used in cattle and deer. The addition of M. avium PPD 

increases specificity of the CCT as compared to a single cervical 

test (SCT) using only M. bovis PPD. Deer or cattle sensitized to non-

tuberculous mycobacteria may be positive using a SCT; however, by 

using the CCT these sensitized animals can often be identified by 

reason of a greater change in skin thickness at the M. avium PPD 

injection site compared to the change in skin thickness at the M. 

bovis PPD injection site. In cattle, an IFN- release assay is also 

available and may be used in place of the CCT. Unfortunately, efforts 

to create a similar IFN- assay for deer have shown such an assay to be 

unreliable [24], leaving intradermal tuberculin testing the only means 

of antemortem diagnosis of exposure of M. bovis (including M. bovis 

BCG) in deer. 

Shedding of BCG from vaccinated deer to non-vaccinated deer 

has been documented previously [7,23]. To date, studies have not 

evaluated the mechanism of spread. In the current study, BCG was 

not isolated from feces of vaccinated deer and rarely from oronasal 

swabs of vaccinated deer. Proof of shedding is evident in the 

conversion of 4 out of 10 non-vaccinated deer from non-reactor to 

reactor status as identified by the CCT. Moreover, shedding is further 

evidenced by isolation of BCG from a non-vaccinated deer. Although 

transmission of BCG did occur, it is not possible, from the present 

study, to determine if deer to deer transmission occurred through 

direct or indirect contact. 

Few studies have examined post-vaccinal spread of BCG in animals 

or humans. Post-vaccinal spread of BCG in humans is generally limited 

to shedding of BCG from ulcerated lesions at the site of vaccination. In 

one study 47 of 48 healthy, immunocompetent, volunteers vaccinated 

SC with BCG Connaught or Tice strains developed ulcerated lesions at 

the vaccination site. Viable BCG could be isolated from lesion exudate 

for up to 4 weeks [25]. Interestingly, similar to results in the present 

study, biopsies of ulcerated vaccination sites revealed granulomas, 

but no acid-fast bacteria [25].

Shedding has been evaluated in other species of wildlife. 

Shedding of virulent M. bovis has been documented in naturally 

infected badgers, [26] however; shedding of BCG is not seen in BCG 

vaccinated European badgers (Meles meles) after SC or intramuscular 

vaccination [27]. Moreover, unvaccinated badgers housed in the same 

enclosure, with ample opportunity for direct contact, did not become 

infected with BCG, or show immunologic responses suggestive of 

exposure to BCG. Oral vaccination of brushtail possums (Trichosurus 

vulpecula) with BCG showed fecal shedding of vaccine for 7 days 

after vaccination [28]. The magnitude of shedding was found to be 

1Comparative cervical tuberculin skin test prior to comingling. Neg = no evidence of prior exposure to M. bovis.
2Comparative cervical tuberculin skin test after 180 days of comingling.
3Feces and oronasal swab samples collected prior to comingling and on days 14, 28, 42, 56, 89 and 179 days of comingling. Isolate (sampling day after comingling).
4Isolation of mycobacteria from tissues collected at necropsy after 180 days of comingling. Neg = no mycobacteria isolated.
5For bacteriological isolation of mycobacteria, tissues were allocated into one of three pools; head (mandibular, parotid and medial retropharyngeal lymph nodes), thoracic 
(lung, mediastinal and tracheobronchial lymph nodes), or abdominal (mesenteric and hepatic lymph nodes).
6Unspeciated mycobacteria later identifi ed by PCR as M. bovis BCG Danish.
7Deer died due to trauma unrelated to the experimental protocol prior to end of study.
UIM = Unspeciated mycobacteria found not to be M. bovis BCG Danish by PCR.
NA = not applicable.
ND = not done.

Table 2: Summary of intradermal tuberculin test and bacteriological culture results from Mycobacterium bovis BCG Danish vaccinated deer co-mingled with unvaccinated 
deer for 180 days.

Bacteriological Culture

Deer ID Pre CCT1 Post CCT2 Feces3 Oronasal3 Tissue4 Tissue Pool5

38 N N N M. fortuitum (14, 28, 42, 56) Neg NA

21M N N N M. fortuitum (179) UIM (28, 42, 89) Neg NA

23M N N N UIM (14, 42, 89) Neg NA

24M N N N M. smegmatis (14) UIM (28, 42) BCG Thoracic, Abdominal

15 N R N M. fortuitum (14) UIM (28, 42) Neg NA

36 N R N M. fortuitum (179) UIM (28, 42, 56) BCG Thoracic

28M N R N UIM (14, 28, 42, 56, 89) Neg NA

2M N R N UIM (28, 42, 56, 89) Neg NA

30M N R N UIM (14, 28, 42) Neg NA

34M N R N BCG6 (56) UIM (28, 42, 56) M. avium Thoracic

38M N R N M. fortuitum (14, 179) UIM (28, 42, 56) BCG Thoracic

33M N R N M. fortuitum (14) UIM (28, 42, 89) Neg NA

3M N R N M. fortuitum (179) UIM (14, 89, 179) Neg NA

5M N R N UIM (14, 28, 42) Neg NA

7M N R N UIM (14, 28, 42, 56) Neg NA

226 N ND N M. fortuitum (14) UIM (42, 89) BCG Thoracic

287 N ND N UIM (14, 28, 42) Neg NA

19M7 N ND N M. fortuitum (56) UIM (28, 42, 89) BCG Thoracic

18M7 N ND N M. fortuitum (56) UIM (14, 28, 42, 89) BCG Thoracic, Abdomen
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low, with mean peak shedding of 1x104 CFU/gm feces 2 days after 
vaccination. In spite of inconsistent and transient shedding, BCG 
was isolated from mesenteric lymphoid tissue up to 8 weeks after 
vaccination [28]. In general, studies of BCG vaccinated wildlife have 
concluded that the risk for transmission of BCG from vaccinated 
wildlife to cattle is low; especially shedding sufficient to induce false 
positive tuberculin skin test reactions in cattle [27,28].

The current study demonstrates that while BCG Danish may 
be shed and transmitted in a limited fashion from vaccinated to 
unvaccinated deer, the risk of transmission to cattle through indirect 
contact is low. The significance of BCG shedding from vaccinated deer 
is not trivial. Guidelines for the assessment of live biological agents 
suggest that persistence and shedding must be considered if the 
vaccine is shed as a live agent [29]. Moreover, if the agent is shed, the 
magnitude and duration of shedding should be investigated. Before 
implementation of a wildlife vaccination policy, further studies and 
both vaccine safety and efficacy will be required.
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