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Abstract— There are many case reports of elephant 

pathogenic bacteria and viruses that require quick and 

sensitive diagnostic techniques due to the impact they generate. 

Out of these the occurrence of TB in elephants, especially in 

captivity, leading to zoonotic risk for humans who live at the 

animal-human interface and the different strains of elephant 

endotheliotropic herpes virus (EEHV) that pose a threat to 

Asian elephants are of extreme importance. Hence, this study 

aims to evaluate the PCR based molecular techniques for the 

rapid and direct detection of TB in captive elephants by 

primers targeting gene hsp65 and EEHV 1 strain by primers 

targeting the terminase gene. Serologically positive captive 

Asian elephants at Elephant orphanage, Pinnawala were 

screened for TB by specific primer PCR assay for hsp65 gene 

of M.tuberculosis using direct DNA isolates from trunk wash 

samples. Among 21 trunk washes, only a single amplification 

was observed, with a size closer to 441bp. Sequencing of this 

resulted a 415bp fragment which was not responsible for TB.  

Although, there have been no recorded cases of EEHV in Sri 

Lanka, many healthy Asian elephants are asymptomatically 

infected by EEHV1 in the neighboring Indian region. 

Therefore, asymptomatic Asian elephants in captivity at ETH, 

Udawalawe were screened for 336bp partial EEHV1 terminase 

gene using direct DNA isolates from blood, eye swabs and 

buccal cavity swabs. All tested samples were negative for 

EEHV1. Since these elephants were closely monitored even 

after the study and none of them developed classical symptoms 

of either EEHV or TB, it is difficult to prove the fact that they 

were originally infected. The nonspecific amplification proves 

that it is possible to extract microbial DNA from elephant 

trunk washes. 
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I.  Introduction  
Tuberculosis (TB) is a highly contagious bacterial infection 

caused by organisms in the Mycobacterium tuberculosis 

complex, most notably M. tuberculosis or M.bovis. In 

captive elephants, the disease is primarily caused by M. 

tuberculosis, although infection with M. bovis has been 

recorded. Asian elephants (Elephas maximus) are more 

frequently infected with TB compared to African elephants 

(Loxodonta africana) (Payeur et al., 2002). Prevalence of 

TB in Asian elephants was found to be 15% in India and 

13% in Nepal (Abraham et al., 2010; Mikota et al., 2008). 

Several wild animals act as a store house for the TB 

organism and spread it to the elephants. However,  research 

investigating the epidemiology of TB in elephants in this 

part of the world is still in its early stages (Abraham et al., 

2010). The interest in elephant TB has been increasing over 

the past years due to its public health threat as well as 

increased concern for the healthcare and conservation of 

elephants. During the past 2 decades, infections of captive 

African and Asian elephants with M. bovis and M. 

tuberculosis have been diagnosed worldwide (Angkawanish 

et al., 2010).  

According to a study conducted in United States of America 

for a period of 10 years, female elephants seem to be 

affected more than the male elephants (Porphyre et al., 

2008) and also, free ranging wild elephants are believed to 

be less susceptible to TB than the captive animals, which 

may be due to the reason that the human pathogen gets 

transmitted to the elephants in the captive area (Alexander et 

al., 2002).Transmission of TB occurs possibly by 

aerosolization of the droplets which are infected with 

mycobacterial organisms (Kaneene and Pfeiffer, 2006). This 

transport is possible by the way of coughing, trumpeting and 

trunk spray from the affected animal. Bacterial load, droplet 

size, length of exposure, closeness of the affected animal 

and immune status of the exposed animal are the factors 

which have dominant role in the transmission of organism 

from one elephant to the other (Fowler and Mikota, 2006). 

From these elephants it spreads to the elephant handlers, 

thus playing a significant role in the zoonosis of TB.  

Therefore, research in the zone of tuberculosis in elephants 

is required in order to save the elephants and also to prevent 

the spread of TB to humans and other animals. Currently 

accepted „„Gold standard‟‟ laboratory method for detecting 

and identifying M. tuberculosis is a combination of acid-fast 

bacillus (AFB) smear for initial screening and culture for 

bacterial isolation and identification. Microscopic 

examination of AFB smears can yield a result within 24 h 
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. Unfortunately, smear is neither specific for M. tuberculosis 

nor very sensitive, requiring 10
3
 to 10

4 
organisms per ml of 

sputum (Hall et al., 1994). Mycobacteria can also be 

detected and identified directly from sputum specimens by 

analyzing the mycobacterial mycolic acid by high-

performance liquid chromatography. However, the 

sensitivity of this method is low, and direct detection from 

sputum is possible only in smear-positive specimens (Jost et 

al., 1995). Bacterial culture is superior to AFB smear and 

mycolic acid analysis, both in terms of sensitivity and 

specificity. However, mycobacteria are fastidious organisms 

with very strict growth requirements. As a result, culture-

based diagnostic methods are slow. The need to perform 

biochemical testing to identify the mycobacterial species 

adds to the time required to obtain a diagnosis. Even when 

nucleic acid probes are used for „„rapid‟‟ species 

identification from cultures, results are often not available 

for 2 to 8 weeks. Clearly, a more rapid test for the detection 

of pulmonary TB and other mycobacterial infections would 

greatly benefit patient management (Vincent et al., 1996). 

Therefore, effective TB management requires the rapid 

detection and identification of the etiologic agent. PCR has 

proven to be a very useful tool for the rapid diagnosis of 

infectious diseases, including mycobacteriosis. For the 

prompt identification of mycobacteria molecular methods 

are gaining increasing importance due to their rapidity and, 

in most cases, unequivocal results (Richter et al., 1999). 

Sequencing of the hsp65 gene (Kapur et al., 1995), the 16S 

rRNA gene (Kirschner et al., 1993), the spacer region 

between the 16S rRNA and the 23S rRNA genes, or the 32-

kDa protein gene (Soini et al., 1994) are powerful 

techniques for the identification of mycobacterial species. 

Furthermore, the ITS is suitable for differentiating species of 

mycobacteria and potentially can be used to distinguish 

clinically relevant subspecies (Roth et al., 1998). 

Elephant endotheliotropic herpesviruses (EEHVs) 

comprehend to the genus Proboscivirus in the subfamily 

Betaherpesviriniae.  

EEHV was first diagnosed in 1995 (Richman et al., 1999). 

This viral infection is referred to as endotheliotropic 

herpesvirus due to its morphologically visible impact on 

infected endothelial cells. EEHVs infections lead to 

significant cause of reproductive failure and death in captive 

elephants in Europe, the US and Asia (Fickel et al., 2001). 

This can cause acute hemorrhagic disease in endangered 

Asian and African elephants. 

This virus causes decrement to the endothelial cells and 

often results in pre-acute to acute death within one to five 

days of the invasion of clinical signs. These include oedema 

of the head, discrete oral ulceration, lethargy, cyanosis of the 

tongue and anorexia. Decreasing of white blood cells and 

platelet count has also been detected (Hardman et al., 2011). 

Six probosciviruses have been identified as EEHV-1 to 

EEHV-6. It is believed that these occur only in elephant 

hosts. Among these types EEHV-1 is the most common type 

and it is divided into two major variants as EEHV-1A and 

EEHV-1B. From the worldwide reported clinical cases of 

EEHV, two deaths were from EEHV 2 and one each from 

EEHV 3 and EEHV 4 (Latimer et al., 2011). Several species 

of herpesviruses are carried by many animals including 

humans, throughout their lives and never become clinically 

ill. These form a latent phase inside a host animal after 

causing mild symptoms or asymptomatic infection. Many 

healthy Asian elephants are asymptomatically infected as 

well (Garner et al., 2009). However, still there have been no 

recorded cases of EEHV in Sri Lanka. 

A rapid, sensitive, and specific PCR assay is needed to 

detect the EEHV subtypes most commonly associated with 

herpesvirus-associated disease. Such an assay would be 

useful for the detection of EEHV1 viral DNA in blood 

samples for the purposes of screening clinically ill animals 

and monitoring susceptible elephants for early viremia. 

The purpose of the study reported here was to introduce 

a rapid and sensitive method to screen the elephants in 

captivity at elephant orphanage for TB and to screen the 

asymptomatic captive elephants at ETH, Udawalawe for 

EEHV. In this study specific primer PCR was used to screen 

the elephants separately for M. tuberculosis and EEHV1 

using direct DNA isolates from the trunk wash samples and 

eye and buccal cavity swabs. 

Captive elephants at Elephant Orphanage Pinnawala and 

Zoological Garden Dehiwala, require a proper screening 

method for management of TB both vertically and 

horizontally. In the case of EEHV, although not still 

recorded in Sri Lanka, captive elephants can be 

asymptomatically infected as well. Therefore it is required 

to have a rapid and sensitive method of identification of TB 

and EEHV in elephants under captivity.   

Hence, main objectives of this study were, to screen the 

elephants in captivity at Pinnawala elephant orphanage for 

TB and to screen the captive elephants at ETH for EEHV1. 

II. Methodology 

A. Sampling for TB 
A total of twenty one trunk wash samples (11 samples from 

elephant “Mahasen” and 10 samples from elephant 

“Waruna”) were collected from serologically positive Asian 

elephants (Elephas maximus) at the Elephant orphanage 

Pinnawala, during a period of three months. 
 

B. Sampling for EEHV 
A total of six samples (2 blood samples, 2 eye swab 

samples and 2 samples from the buccal cavity) were 
collected from selected asymptomatic Asian elephant 
(Elephas maximus) at ETH, Udawalawe. 

 

C. Collection of trunk wash 
Trunk wash samples containing elephant nasal secretions 

were collected by means of the standard recommended 

technique for collection of samples for Mycobacterium 

tuberculosis testing by the USDA. 

50 ml of sterile saline solution was poured into the nares 

of each elephant and the trunk was elevated for 20 to 30 

seconds. Then the elephant was instructed to blow the 

instilled saline solution into a fresh plastic 1 gallon freezer 

bag. The resulting effluent was transferred to a sterile 50ml 

conical tube and then chilled on ice until processing. 
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D. Extraction of DNA 
From trunk wash samples for TB:  Nasal secretions obtained 

via trunk washes were processed with QIAamp DNA mini 

kit (QIAGEN, Germany) using a modified protocol for 

purification of bacterial DNA. 

From body fluids for EEHV: Whole blood samples, eye 

swabs and buccal cavity swabs were processed using 

QIAamp DNA mini kit, in accordance with the 

manufacturer‟s recommended protocol for the extraction of 

viral DNA. 

E. PCR for amplification of TB genes 
hsp 65 :   Extracted DNA was amplified by using 

conventional PCR targeting a 441-bp segment of the hsp65 

gene. Forward and reverse primer (Table 1.) were added to 

the 12.5 μl of Qiagen master mix and 10 μl (50ng) of 

extracted DNA was added to adjust the PCR mixture to 25 

μl. 

The thermal cycler was programmed for 35 cycles with 

initial denaturation at 94°C for four minutes. Each cycle was 

performed with denaturation at 94°C for one minute, 

annealing at 64°C for one minute with an extension at 72°C 

for two minutes. At the end of the last cycle, the mixtures 

were incubated at 72°C for 10 minutes. 

 

TABLE 1.   Specific primers used to amplify selected genes in PCR 

Gene Primer sequence 

hsp65 
5‟-ACCAACGATGGTGTGTCCAT- 3‟ 
5‟-CTTGTCGAACCGCATACCCT-3‟ 

 

F. PCR for amplification of terminase 
gene of EEHV 

Extracted DNA from trunk-wash samples (5 μl) were used 

with 1.5 μl of each forward (5′-

GTGTCGGCTAAATGTTCTTG-3′) and reverse (5′-

GTGTCGGCTAAATGTTCTTG-3′ ) were added to the 12.5 

μl of a master mix and volume was adjusted to 25 μl. 
PCR amplification of 336bp segment of terminase gene 

was conducted according to the following condions;40 
cycles with initial denaturation at 95

0
C for 5 minute, 94

0
C 

for 15 sec., 50
0
C for 15sec. and 72

0
C for 1 minute followed 

by 72
0
C for 10 min. 

 

G. Visualization of the PCR products 
The amplified product was submitted to electrophoresis 

on a 1% agarose gel in 1X Tris-borate-EDTA(TBE) buffer 
at pH of 8.6. The gel was stained with 2 μl of ethidium 
bromide (10 mg/ml) in 100 ml of 1X TBE, and the amplified 
band was visualized on an ultraviolet transilluminator to 
check for DNA amplification. 

 

H. Analysis of the sequences 
Sequencing was performed by Macrogen Inc. Korea. The 

resulted sequence was aligned using BLAST with the 

available species in GeneBank. 

 Pairwise sequence alignment was carried out using the 

hsp65 gene of Mycobacterium xenopi using EMBL, 

EMBOSS tool. 

 

III. Results and Discussion 
This report describes the use of a specific primer PCR to 

screen for TB and EEHV1 in clinical samples from healthy 
Asian elephants in captivity. This is the first time where a 
PCR based molecular method has been used to screen the 
captive Asian elephants for TB and EEHV1 in Sri Lanka. 
One of the main purposes was to screen the elephants to 
prevent unmanageable treating of captive elephants with 
high dose of antibiotics for TB. The importance of EEHV1 
in Asian elephants has been emphasized by the number of 
mortalities the disease has caused since the index case in 
1995 (Richman et al., 1999). 

A. Amplification of hsp65 gene 
The PCR assay was performed on twenty one direct 

DNA isolates (from trunk wash samples) which were 
collected during the period of three months. Molecular study 
of MTB infection was based on detection of the presence of 
hsp 65 gene (441 bp) of M. tuberculosis. Positive 
amplification (a band with approximately 400bp in size) was 
given by only a single sample, collected from elephant 
“Waruna” (trunk wash collected on 11.07.2014) [Fig.1]. 

 

 
Fig. 1.  PCR product (DNA extract of the sample collected on 

11.07.14).Lane 1 : 100bp DNA ladder, Lanes 2 to 5 : replicates(D1-D4) 

of direct DNA isolates. 
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B. Sequence of the PCR product (with 
the primers correspond to hsp65 
gene) 
 

The PCR product of isolated DNA was sequenced 

[Fig.2] and compared with available DNA sequences using 

the NCBI-BLAST program. Results showed that, there was 

no similarity with the MTB complex. 

 
Fig. 2.   Consensus sequence of the hsp65 gene obtained by sequencing 

 

1       TTAAACGAGCTGATTCGACAGTATC 25 

26 GAGAGATCGGTGCTGAGCTGGTTAA 50   

51 AGAAGTAGCGAAGAAGACCGATGAT 75 

76     GTTGCTGGTGACGGTACCACCACCG 100 

101   CAACCGTGCTCGCACAGGCGCTAGT 125 

126   ACGCGAGGGTCTGCGTAATGTGGCA 150 

151   GCAGGCGCTGATCCAATTAGCCTCA 175 

176   AGCGCGGTATCGAATACGCTACTGA 200 

201   GGCGATCACCAAGCAGCTGCTGGCT 225 

226   AACGCAAAAGAAATCGAAACCACCG 250 

251   ATGAAATCGCGGCAACCGCTTCTAT 275 

276   TTCCGCTGCTGATCCTGAGATCGGT 300 

301   CGCCTAATTGCCGAGGCAATTGAAA 325 

326   AGGTTGGTAAAGAGGGCGTTGTGAC 350 

351   CGTTGAGGAATCCAACACCTACGGC 375 

376   ACCGAGCTTGAACTAACCGAGGGTA 400 

401   TGCGGTTCGACAAGA   415 

 

 
Table 2.  The BLAST results for the automated sequence of PCR product, 

correspond to primers which were used to amplify hsp 65 gene. 

 
 

Bacterial type 

    

Query 

cover 

   

Identity             

       

E 

value 

NCBI Gene bank 

Accession 

number 

Rothia 

dentocariosa 

ATCC 17931 

          

93%        78% 

       

5e-57 CP002280.1 

Corynebacterium 
suicordis strain 

CIP 108201 

          
83%        78% 

       
2e-50 EF028799.1 

Corynebacterium 
imitans strain 

DSM 44264 

         
71%       75% 

       
1e-27 CP009211.1 

Bifidobacterium 
breve S27 

         
28% 

      83% 
       

8e-20 
CP006716.1 

Bifidobacterium 

breve 689b 

         

28% 
      83% 

       

8e-20 
CP006715.1 

Bifidobacterium 

breve NCFB 2258 

         

28% 
      83% 

       

8e-20 
CP006714.1 

Metarhizium 

acridum CQMa 

102 

         

12%       92% 

       

1e-08 XM_007817723.1 

 

Nucleotide Blast of identified sequence resulted different 

types of bacterial species as mentioned above. The best  

match was the Rothia dentocariosa with 93% of query cover 

and 78% identity to the amplified sequence. It is a species of 

gram positive, round to rod shaped bacteria which is part of 

the normal community of microbes residing in the mouth 

and respiratory tract. 

All the similar sequences available in the database have 

relatively higher E-values. Usually lower the E-value or 

closer it is to zero more significant the match is. However, 

virtually identical short alignments have relatively higher E-

values. These higher E-values make sense because short 

alignments have higher probability of occurring in the 

database. When compared with all the hits from BLAST, 

Corynebacterium imitans strain DSM 44264 complete 

genome has lowest E-value and therefore, it has higher 

similarity to the automated sequence. 

Corynebacteria are a heterogeneous group of gram-positive, 

high-G+C content, rod-shaped bacteria that belong 

phylogenetically to the Actinobacteria. They are found in a 

broad range of environments (such as dairy products, soil, 

sediments and aquatic sources), but particularly in man and 

other animals. Some corynebacteria are well-established 

pathogens of man and animals, whereas many others occur 

as part of the normal flora of skin and mucous membranes. 

Corynebacterium suicordis also may be part of the normal 

micro-flora in elephant mucous membranes while 

Corynebacterium suicordis sp. nov.  has been isolated from 

respiratory infections of pigs (Vela et al., 2003). Pair wise 

sequence comparison revealed similarity of 68.0 % with the 

Corynebacterium suicordis strain CIP 108201 65kDa hsp65 

gene, partial cds. 
 

C. Similarity to hsp65 gene in 
Mycobacterium africanum 

Pairwise sequence alignment of the sequenced gene of 

isolated bacteria with the Mycobacterium africanum hsp65 

gene partial cds (GenBank Accession number:  FJ617583.1) 

resulted 66.3% similarity and 15.1% gaps with score of 

1067.5. Hence we can state that, the amplified gene from 

direct DNA isolates from trunk wash sample have high 

similarity with the hsp65 gene of Mycobacteria spp.  

The target gene hsp65 is the most conserved gene among the 

mycobacterial species. In this study, sequence analyses 

showed that DNA extracted from trunk wash sample is not 

related to the MTB complex, although there was high 

similarity to the hsp65 in Mycobacterium africanum when 

subjected to pair wise alignment.  

D. Amplification of terminase gene of 
EEHV1 
The study on twenty five direct DNA isolates from 

blood, eye swab, buccal cavity swab and trunk wash, gave 
negative  results for PCR (Table 3). 
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Table 3.  Summary of the PCR result of EEHV1 amplification 

 

Sampling site Number of 

samples 

% of positive 

EEHV1 

Blood 02 00 

Eye swab 02 00 

Buccal cavity 

swab 

02 00 

Trunk wash 19 00 

Total 25 00 

 

Multiple samples of blood, eye swabs, buccal cavity 
swabs and trunk washes were tested to increase the 
likelihood of viral DNA detection. Though onset of 
symptoms of diseased elephant at ETH appeared as EEHV 
infection, some of the other diseases such as 
encephalomyocarditis in elephants can have same 
symptoms. 

 

E. Use of direct DNA isolates in PCR 
 

For the PCR amplification direct DNA isolations from trunk 

wash samples was used in the case of TB, without using the 

isolated bacterial DNA cultured in selective media for 

mycobacteria such as Löwenstein–Jensen medium (LJ 

medium). With trunk-wash tests, sensitivity has been 

reported to be poor and affected by collection and 

processing methods as well as the degree of contamination 

of the collected samples.  

Identification of non tuberculosis bacterial DNA from trunk 

wash samples illustrate the ubiquitous presence of 

environmental bacteria. None of the pathogenic bacteria 

were detected and there were number of soil bacterial 

sequences identical to the target gene, such as Ralstonia 

pickettii, Pseudgulbenkiania spp., and Cuprriavidus 

necator. 

On the other hand, when elephants were screened at ETH 

for EEHV1, DNA was extracted from blood, eye swab and 

buccal cavity swab and directly subjected to PCR. 

Successful amplification of mycobacterial DNA targets is a 

challenge when biological specimens contain several 

inhibitors of the PCR reaction. In this study, the PCR 

technique was evaluated for the detection of limited 

mycobacteria cells, from trunk wash samples, by using the 

target gene hsp65. 

 

IV. Conclusion and Suggestions 
Although elephants showed positive result for serological 

tests conducted for TB it was not confirmed in by the hsp 65 

PCR. Under stress conditions elephants may give positive 

results for TB when the serological tests are conducted. And 

also the screened captive elephants at ETH, Udawalawe 

turned negative for EEHV1. The amplification proves that it 

is possible to extract microbial DNA from elephant trunk 

washes.   

Combined use of both the Stat-Pak assay and TB PCR 

will be useful to detect active and latent TB infection in 

captive elephants, continued monitoring of the health of 

elephants, particularly  serologically positive elephants, and 

repeated examination of trunk washes are required to 

confirm TB infection in elephants. It is important to 

determine the most reliable site for screening for use in 

populations in the where minimal samples can be taken. 

Where possible, multiple samples would increase the 

likelihood of viral DNA detection in an individual, 

especially if the sampling can only be done once. 

Acknowledgment  

Authors wish to thank National Zoological Gardens and 
The Ringling Brothers, USA for the financial assistance. 

References 

 
[1] Abraham, D., J. V. Cheeran, and S. K. Mikota.( 2010). Health 

assessment of captive Asian elephants (Elephas maximus) in India 

with special reference to tuberculosis. Proc. am. Assoc. Zoo Vet./Am. 

Assoc. Wildl. Vet. 2010:229. 
[2] Alexander, K., Pleydell, E., Williams, M., Lane, E., Nyange, J. and 

Michel, A. (2002). Mycobacterium tuberculosis : An Emerging 

Disease of Free-Ranging Wildlife. Emerg. Infect. Dis., 8(6), pp.598-
601. 

[3] Angkawanish, T., Wajjwalku, W., Sirimalaisuwan, A., Kaewsakhorn, 

T., Boonsri, K. and Rutten, V. (2010). Mycobacterium tuberculosis 
Infection of Domesticated Asian Elephants, Thailand. Emerg. Infect. 

Dis., 16(12), pp.1949-1951. 

[4] Fickel, J., Richman, L., Montali, R., Schaftenaar, W., Göritz, F., 
Hildebrandt, T. and Pitra, C. (2001). A variant of the endotheliotropic 

herpesvirus in Asian elephants (Elephas maximus) in European zoos. 

Veterinary Microbiology, 82(2), pp.103-109. 
[5] Fowler ME and Mikota SK (2006). Biology, medicine and surgery of 

elephants, Blackwell publishing, 1st edition, USA. 

[6] Garner, M., Helmick, K., Ochsenreiter, J., Richman, L., Latimer, E., 
Wise, A., Maes, R., Kiupel, M., Nordhausen, R., Zong, J. and 

Hayward, G. (2009). Clinico-pathogenic Features of Fatal Disease 

Attributed to New Variants of Endotheliotropic Herpesviruses in Two 

Asian Elephants(Elephas maximus). Vet pathol 2009 46:97, pp.97-

104. 

[7] Hall, G. S., and B. J. Howard. (1994). Mycobacteria, p. 503–528. In 
B. J. Howard, J. F. Keiser, T. F. Smith, A. S. Weissfeld, and R. C. 

Tilton (ed.), Clinical and pathogenic microbiology, 2nd ed. Mosby-

Year Book, Inc., St. Louis, Mo 
[8] Hardman, K., Dastjerdi, A., Gurrala, R., Routh, A., Banks, M., 

Steinbach, F. and Bouts, T. (2011). Detection of elephant 

endotheliotropic herpesvirus type 1 in asymptomatic elephants using 
TaqMan real-time PCR. Veterinary Record, 170(8), pp.205-205. 

[9] Jost, K. C., Jr., D. F. Dunbar, S. S. Barth, V. L. Headley, and L. B. 

Elliot.(1995). Identification of Mycobacterium tuberculosis and M. 
avium complex directly from smear-positive sputum specimens and 

BACTEC 12B cultures by high-performance liquid chromatography 

with fluorescence detection and computer-driven pattern recognition 
models. J. Clin. Microbiol. 33:1270– 1277. 

 

[10] Kaneene JB, Pfeiffer D. (2006). Epidemiology of Mycobacterium 
bovis. In: Thoen, C.O., Steele, J.H., Gilsdorf, M.J. (Eds.), 

Mycobacterium bovis Infection in Animals and Humans. Blackwell, 

Ames, Iowa, p. 34. 
[11] Kapur V, Li L-L, Hamrick M R, Plikaytis B B, Shinnick T M, Telenti 

A, Jacobs W R, Banerjee A, Cole S, Yuen K Y, Clarridge III J E, 

Kreiswirth B N, Musser J M. (1995). Rapid Mycobacterium species 
assignment and unambiguous identification of mutations associated 

with antimicrobial resistance in Mycobacterium tuberculosis by 
automated DNA sequencing. Arch Pathol Lab Med. 119:131–138. 

[12] Katoch VM, Sharma VD. (1997). Advances in the diagnosis of 

mycobacterial diseases. Indian J Med Microbiol. 15 : 49-55. 
[13] Kirschner P, Springer B, Vogel U, Meier A, Wrede A, Kiekenbeck M, 

Bange F-C, Böttger E C. (1993). Genotypic identification of 

mycobacteria by nucleic acid sequence determination: report of a 2-



 

32 

Proc. of the Fourth Intl. Conf. Advances in Bio-Informatics, Bio-Technology and Environmental Engineering- ABBE 2016 
Copyright © Institute of Research Engineers and Doctors, USA .All rights reserved. 

ISBN: 978-1-63248-091-0 doi: 10.15224/ 978-1-63248-091-0-07 

 

year experience in a clinical laboratory. J Clin Microbiol. 31:2882–

2889. 
[14] Larsen RS. (2000).,Evaluation of a multiple-antigen enzyme-linked 

immunosorbent assay for detection of mycobacterium tuberculosis 

infection in captive elephants. Journal of Zoo and Wildlife Medicine, 
31(3), pp.291-302. 

[15] Latimer, E., Zong, J., Heaggans, S., Richman, L. and Hayward, G. 

(2011). Detection and evaluation of novel herpesviruses in routine and 
pathological samples from Asian and African elephants: Identification 

of two new probosciviruses (EEHV5 and EEHV6) and two new 

gammaherpesviruses (EGHV3B and EGHV5). Veterinary 
Microbiology, 147(1-2), pp.28-41. 

[16] Meagan K. Kay, Lyndsey Linke, Joni Triantis, M. D. Salman, and R. 

Scott Larsen. (2011). Evaluation of DNA Extraction Techniques for 
Detecting Mycobacterium tuberculosis Complex Organisms in Asian 

Elephant Trunk Wash Samples. Journal of clinical microbiology, Vol. 

49, No. 2, p. 618–623. 
[17] Mikota, S.K., Peddie, L., Peddie, J., Isaza, R., Dunker, F., West, G., 

Lindsay, W., Larsen, 

[18] R.S., Salman, M.D., Chatterjee, D., Payeur, J., Whipple ,D., Thoen, 
C., Davis, D.S., Sedgwick,C., Montali, R., Ziccardi, M. & Maslow, J. 

(2001). Epidemiology and diagnosis of Mycobacterium tuberculosis 

in captive Asian elephants (Elephas maximus). Journal of Zoo and 
Wildlife Medicine 32: 1-16. 

[19] Mikota, S. K. (2008). Tuberculosis in elephants, p. 355–364. In R. J. 

Fowler and R. E. Miller (ed.), Zoo and wild animal medicine current 
therapy, vol. 6. Saunders Elsevier, Philadelphia, PA. 

[20] Payeur, J., Jarnagin, J., Marquardt, J. And Whipple, D. (2002). 
Mycobacterial Isolations in Captive Elephants in the United States. 

Annals of the New York Academy of Sciences, 969(1), pp.256-258. 

[21] Porphyre, T., Stevenson, M. and McKenzie, J. (2008). Risk factors for 
bovine tuberculosis in New Zealand cattle farms and their relationship 

with possum control strategies. Preventive Veterinary Medicine, 86(1-

2), pp.93-106. 
[22] Richman, L., Montali, R., Garber, R., Kennedy, M., Lehnhardt, J., 

Hildebrandt, T., Schmitt, D., Hardy, D., Alcendor, D. and Hayward, 

G. (1999). Novel endotheliotropis herpesviruses fatal for Asian and 
African elephants. (Science 283), pp.1171-1176. 

[23] Richter, E., S. Niemann, S. Rusch-Gerdes, and S. Hoffner. (1999). 

Identification of Mycobacterium kansasii by using a DNA probe 
(AccuProbe) and molecular techniques. J. Clin. Microbiol. 37:964–

970. 

[24] Roth, A., M. Fischer, M. E. Hamid, S. Michalke, W. Ludwig, and H. 
Mauch. (1998). Differentiation of phylogenetically related slowly 

growing mycobacteria based on 16S–23S rRNA gene internal 

transcribed spacer sequences. J. Clin. Microbiol. 36:139–147. 
[25] Ruiz P, Gutierrez J, Zerolo FJ, Casal M. (2002).Geno Type 

mycobacterium assay for identification of mycobacterial species 

isolated from human clinical specimens by using liquid medium. J 
Clin Microbiol.40 : 3076-8. 

[26] Soini H, Böttger E C, Viljanen M K.(1994).Identification of 

mycobacteria by PCR-based sequence determination of the 32-
kilodalton protein gene. J Clin Microbiol.32:2944–2947. 

[27] Thoen, C. O., and E. M. Hines. (1980). Mycobacterial infection in 

exotic animals, p. 241–245. In R. J. Montali and G. Migaki (ed.), The 
comparative pathology of zoo animals. Smithsonian Institution Press, 

Washington, DC. 

[28] Vincent J. Tevere, Peter L. Hewitt, Allen Dare, Peter Hocknell, Anne 
Keen, Joanne P. Spadoro, and  Karen K. Y. Young.(1996). Detection 

of Mycobacterium tuberculosis by PCR Amplification with Pan-

Mycobacterium Primers and Hybridization to an M. tuberculosis-
Specific Probe. Journal of clinical microbiology, vol. 34, no. 4; p. 

918–923. 
 

 

About Author (s): 

 

 

 

 

 

 

 

[Type a brief summary of author details.] 

Image 


