
Denise M To Barbara A Kohn/MD/APHIS/USDA 
Sofranko/NM/APHIS/USDA 

cc 
11/01/201001:46 PM 

bcc 

Subject Fw: Another draft--response needed 

Hey Barb, 

Just to refresh some memories, here is an e-mail string from 2008 discussing the rationale for restrictions 

on the Stat-Pak. I have another one I'll send next that has more discussion on the subject. 


----- Forwarded by Denise M Sofranko/NM/APHIS/USDA on 11/0112010 11 :45 AM ---­

LanyR 
Ludemann/lAiAPHIS/USDA To Mandi M FredericklMD/APHIS/USDA@USDA 

03/20/2008 03:01 PM cc Chester A Gipson/MD/APHIS/USDA@USDA, Denise M 
Sofranko/NM/APHIS/USDA@USDA 

Subject Re: Another draft-response needed~ 

I have no comments. Good job. 

Larry Ludemann 
Senior Staff Veterinarian 
Center for Veterinary Biologics-Policy, Evaluation, Licensing 

Mandi M FredericklMD/APHIS/USDA 

Mandi M 
FredericklMD/APH IS/USDA To Denise M Sofranko/NM/APHIS/USDA@USDA, Chester A 

Gipson/MD/APHIS/USDA@USDA, Larry R 03/20/200803:36 PM 
Ludemann/IAiAPHIS/USDA@USDA 

cc 

Subject Another draft--response needed 

Hi all, 

Sorry to pester you again with this but my editor had a few changes to the Chembio letter. Please take 
another quick look and let me know if this works for you. 

Thank you so much. 

Mandi 

Mandi M. Frederick 
Writer/Editor 
Executive Communications 
Legislative and Public Affairs 
4700 River Road, Unit 49 
Riverdale, Maryland 20737 
(301 )734-0593 
2A02.30 



Dear   

Thank you for your letters of February 27,2008, to Secretary Ed Schafer and other officials at 

the Department of Agriculture (USDA), including USDA's Animal and Plant Health 

Inspection (APHIS) Administrator Cindy Smith, regarding USDA restrictions on the 

distribution ofChembio's Elephant TB STAT-PAK® Assay. 

We recognize your interest in this issue and appreciate the opportunity to address your 

concerns. As you are aware, APHIS is responsible for enforcing the Animal Welfare Act, as 

well as safeguarding the health ofAmerica's agricultural animals. We assure you that we 

take these responsibilities very seriously and work hard to protect the health and well-being 

of all animals that fall under our purview. 

USDA welcomes advances in testing technologies for significant animal diseases. While we 

believe that Chembio's test kit has legitimate and potentially valuable applications within the 

veterinary community, tuberculosis (TB) testing on domestic animals is currently permitted 

only in USDA-approved laboratories, in order to ensure test validity and to prevent fraud. It 

is necessary that USDA prevent misuse or abuse ofany test kit-including Chembio's-that 

has the potential to be used on domestic species. Fraudulent TB test results could affect the 

movement ofTB-exposed or infected animals in the United States, disrupting USDA's TB 

control efforts and dramatically impacting the health of the Nation's agricultural animals. 

We look forward to receiving and reviewing the United States Animal Health Association's 
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recommendations on the care and treatment of TB in elephants, including any updated 

recommendations regarding TB testing. Contingent on the outcome of our review, we may 

take steps to revise our protocols regarding the care of TB-exposed and infected elephants. In 

the meantime, APHIS officials continue to discuss the restrictions on Chembio' s test kit and 

the best way to maximize the kit's potential benefits while protecting the health of domestic 

animals. 

We recognize Chembio's contributions to the health of the Nation's animals, and appreciate 

your patience as we continue to work on this issue. 

Sincerely, 



Denise M 
Sofranko/NM/APHIS/USDA 

11/01/201009:57 AM 

, 
Have you seen this? 

Denise M. Sofranko, DVM 
Field Specialist for Elephants 
USDNAPHIS/Animal Care 

To Barbara A Kohn/MD/APHIS/USDA 

cc 

bcc 

Subject Fw: Copy of the license for your information and the call on 
Tuesday 

----- Forwarded by Denise M Sofranko/NM/APHIS/USDA on 11/01/201007:56 AM ----­

Robert M 
Gibbens/CO/APHIS/USDA 

11/01/201005:39 AM 

• 
To 	 Ray M Flynn/CO/APHIS/USDA@USDA, "Denise M 

Sofranko" <Denise.M.Sofranko@aphis.usda.gov> 
cc 

Subject 	 Fw: Copy of the license for your information and the call on 
Tuesday 

Fyi 

Chester A Gipson 

----- Original Message ----­
From: Chester A Gipson 
Sent: 11/01/2010 06:33 AM EDT i 

To: Carter-Corker; Andrea Morgan 
Cc: Robert Gibbens; Betty Goldentyer; Nora Wineland; Allan Hogue 
Subject: Fw: Copy of the license for your information and the call on 

Tuesday 
Hi all, 
I will be discontinuing the requirement for AC to look over the shoulder of individuals conducting the TB 
testing. An index of suspicion needs developing for situations where fraudulent sampling is suspected so 
we can use the existing fraudulent blood sampling program. 
While I appreciate Lila's research of the FOIA issue, my position remains unchanged. I want a letter for my 
signature transmitting all pictures in our possession that Ringling has compensated chembio for. If 
memory serves me correctly all test except one has been paid for. I would like this completed by the time I 
return from travel next week (this includes the letter advising chembio that we will no longer be the 
intermediary for reporting test results to facilities if it has not been prepared) . 
Thanks, 
C. Gipson 
301 734 4980 
----- Forwarded by Chester A GipsonlMD/APHIS/USDA on 11/011201006:15 AM ---­

Rick E HilIIIAlAPHIS/USDA 
10/29/201010:27 PM To 

cc 

Chester A Gipson/MD/APHIS/USDA@USDA, Elizabeth A 
LautnerIlAlAPHIS/USDA@USDA 

Subject Copy of the license for your information and the call on 
Tuesday 

mailto:Denise.M.Sofranko@aphis.usda.gov


Mycobacterium Bovis-Mycobacterium Tuberculosis Antibody Test Kit, Code 5470.01, produced 
by Chembio Diagnostic Systems, Inc., Est. No. 645 

[attachment "645-547001-070815Jicense.pdf' deleted by Barbara A Kohn/MD/APHIS/USDA] 
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Barbara A To Denise M Sofranko/NM/APHIS/USDA@USDA 
Kohn/MD/APH IS/USDA 

cc Nora E Wineland/CO/APHIS/USDA@USDA 
10/20/201007:56 AM 

bcc 

Subject Re: Questions/comments from Cindy SmithE:! 

Nora and Denise-

I, too, should be available anytime on Thursday (before 4 PM EDT) .... Thanks. 

Barb 
Denise M Sofranko/NM/APHIS/USDA 

Denise M 
Sofranko/NM/APHIS/USDA To Nora E Wineland/CO/APHIS/USDA@USDA 

10/19/2010 10:49 PM cc Barbara A Kohn/MD/APHIS/USDA@USDA 

Subject Re: Questions/comments from Cindy Smith~ 

Hi Nora, 

I imagine I'll be busy catching but will be available at your convenience. Anytime after 7 mountain time. I 

think our call with Ray is friday. 

Just let me know what works best for you two. 

Thanks! 


Nora E Wineland---1 0/19/201 0 06:44 AM MDT--­

From: Nora E Wineland 

To: Denise Sofranko 

Cc: Barbara Kohn 

Date: 10/19/201006:44 AM MDT 


Re: Questions/comments from Smith 

Denise --- Barb and I were on the call yesterday regarding how we will proceed to answer all of these 
questions. What does your Thursday look like for a call to catch up on things?? I am available at 9 am 
eastern time, or after 12:30 eastern. Let me know what will work on your end. Barb -- please do the same 
and let me know what times work for you. 

Thanks, 

Nora 

************************************************************ 

Nora E Wineland, DVM MS DACVPM 
Director, Center for Animal Welfare 
USDA-APH IS-AC 
6501 Beacon Drive 
Kansas City, MO 64141 
816-926-2130 

Denise M Sofr13rlko---10/W/?Q10 01:00:22 PM---Denise M Sofranko/NM/APHI§IUSDA 



Denise M 
Sofranko/NM/APHIS/USDA To Chester A Gipson/MD/APHIS/USDA@USDA 

10/18/201001:00 PM cc 	 Allan T Hogue/MD/APHIS/USDA@USDA, Andrea M 
Morgan/MD/APHIS/USDA@USDA, Barbara A 
Kohn/MD/APHIS/USDA@USDA, Betty J 
Goldentyer/NC/APHIS/USDA@USDA, James M 
TucklMD/APHIS/USDA@USDA, Kay A 
Carter-Corker/MD/APHIS/USDA@USDA, Nora E 
Wineland/CO/APHIS/USDA@USDA, Robert M 
Gibbens/CO/APHIS/USDA@USDA, Thay 
Ly/MD/APHIS/USDA@USDA, Yvette D 
Joyner/MD/APHIS/USDA@USDA 

Subject Re: Questions/comments from Cindy Smith[;] 

Hi all, 

I'm still on leave but checking in from time to time. I'll be back in my office on Thursday. 

I will review and answer more of the attached questions if necessary when I'm back but I want to be very 
clear about one of them in particular. 

As far as I know no one from AC has ever required that an elephant be treated on the basis of a MAPIA 
test. I have been telling people just the opposite. We are not making people treat elephants. There is a 
provision in the Guidelines for prophylactic treatment but that is a decision to be made by the attending 
veterinarian. This decision should be made on the basis of many factors, including age and medical 
condition of the elephant and exposure history. 

We have put some attending veterinarians in touch with experts in this area to discuss but in the 

Dickerson Park case, the experts were consulted after treatment had been started. 


I don't know how this rumor got started and I only know of the one case in Missouri (Dickerson Park). I 

don't know anything about the other states that are referenced in the questions. 


I was also asked to answer a similar list of questions by   on behalf of the EMA board when I 
was at the meeting earlier this month. 

Thanks! 

Denise M. Sofranko, DVM 
Field Specialist for Elephants 
USDA/APHIS/Animal Care 

Chester A Gips()n---1 0/18/201 0 0~:O~:39 AM-=~Attach~(j~r~questions/colTllTl~flt§pr~paredbyth~administr 

Chester A 
Gipson/MD/APHIS/USDA To Kay A Carter-Corker/MD/APHIS/USDA@USDA, Robert M 

Gibbens/CO/APHIS/USDA@USDA, Betty J 10/18/201009:09 AM 
Goldentyer/NC/APHIS/USDA@USDA, Allan T 
Hogue/MD/APHIS/USDA@USDA, Thay 
Ly/MD/APHIS/USDA@USDA, Nora E 
Wineland/CO/APHIS/USDA@USDA, Yvette D 
,Joyner/MD/APHIS/USDA@USDA. Andrea M 
Morgan/MD/APHIS/USDA@USDA. James M 
TucklMD/APHIS/USDA@USDA. Barbara A 
Kohn/MD/APHIS/USDA@USDA, Denise M 
Sofranko/NM/APHIS/USDA@USDA 

cc 
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Subject Questions/comments from Cindy Smith 

Attached are questions/comments prepared by the administrator from the meeting she attended with 

ringling representatives and the Office of the Secretary. The scanner was disoriented:». 

Thanks, 

C. Gipson 
3017344980 
[attachment "Cindy TB Questions.pdf' deleted by Denise M Sofranko/NM/APHIS/USDA] 











AMERICAN ASSOCIATION OF ZOO VETERINARIANS 

"Dedicated to wildlife health and conservation" 

581705 White Oak Road • Yulee, Florida, 32097 • 904·225-3275 • Fax 904-225-3289 

July 6,2009 

A. Kevin Shea 
Acting Administrator USDA APHIS 
1400 Independence Avenue, SW 
Jamie 1. Whitten Building, Room 312·E 
Washington, DC 20250·3432 

Dear Mr. Shea: 

We would like to thank: you for taking the time to meet with us on June 3 regarding our 
concerns about the new "Guidelines for the Control of Tuberculosis in Elephants" 
(Guidelines). We are writing in response to your request that we outline the concerns 
about the guidelines and their implementation. The AAZV values our relationship with 
the USDA and particularly the contribution our members make in the creation of 
recommendations regarding animal health issues. We appreciate the decision to delay 
implementation of the Guidelines and these new requirements in order to allow time for 
the USDA to address these issues and to allow questions regarding test interpretation and 
other matters to be addressed to the USAHA Committee on Tuberculosis. 
As you requested at our meeting we have prepared a list of the primary areas ofconcerns 
in the hope that this will be the first step in the process of stakeholder consultation 
~fe1;'eQced in Dr.Gipsnn'smQstrecen1Jetter~. -~ .. -. 

The specific items of concern are as follows: 
• 	 Accredited veterinarians recognize the importance ofdisease testing and our 

responsibility to maintain animal and public health. We feel that the requirement 
for federal oversight of specimen collection and shipping is unnecessary and will 
make testing difficult as it would require us to limit our specimen collection 
based on the availability ofAPHIS Animal Care staff. 

• 	 As noted during our meeting, Chembio also produces a Stat-Pak® for primates 
that is similar to the elephant test. Yet the primate test is commercially available, 
is considerably less expensive, and is regularly used by veterinarians in zoos and 
other institutions without federal oversight of specimen collection. We would like 
USDA to reconsider amending the licensing restrictions for the use of the 
Elephant Tb Stat-Pak® that require such federal supervision. 

• 	 Based on the discussion at the June 3 meeting, certification for accredited 
veterinarians to perform the Elephant Tb Stat·Pak® is being planned by APHIS 
Animal Care. We would like to have details on the protocol, criteria and timing 
for the certification. Specifically, will veterinarians need to be certified as 
laboratories in order to perform the tests? 



• 	 We would like USDA to outline the restrictions on the Elephant Tb Stat-Pak® 
test for use by certified veterinarians. Some earlier communications indicated that 
it would be available for use for species other than elephants and we would like 
clarification on the use of the lests for elephanls as well as other species. 

• 	 Given the number of institutions and elephanls thal must be tested it is 
anticipated that individual federal oversight of all tesls may be difficult 10 
accomplish in a timely manner. If testing is not performed annually due 10 
inability to schedule tests witli Animal Care personnel, will an institution be held 
as non-compliant with the regulations? 

• 	 On a related note, the MAPIA is Chembio's proprietary test and is currently not 
readily available. At this time~ Chembio must be contacted and asked if they are 
willing to run the test. It is our understanding that they are not setup to run the 
number of tests that may become mandated by these Guidelines. Furthermore, the 
cost ofthe test is at the sole discretion ofChembio and may be prohibitively 
expensive. 

• 	 We would like the USDA to outline the regulatory implications of the 
recommendations in the guidelines as they pertain to testing and movement of 
animals especially based on the Elephant Tb Stat-Pak® and MAPIA test status. 
The Guidelines suggest that an animal that is Elephant Tb Stat-Pak® positive be 
trunk washed more frequently (3 to 4 times a year). They also suggest that the 
sample be submitted to Chembio for MAPIA testing. They do not however 
address the status of an animal that is STAT -PAK positive but found to be 
negative for anti-bodies on MAPIA. How will such animals be classified for 
regulatory purposes? 

Finally, we believe there are also areas ofconcern related directly to the Guidelines 
themselves-thatneednrbe addtessedby the Tb CUIIDnittee;A copyufuur lettertothe" 
USAHA Tb Committee is attached here for your information, and a copy of this letter to 
you is also being copied to the Committee so they will have the full context ofour 
concerns and discussions with USDA. 
We appreciate the opportunity to address our concerns and look forward to your 
response. 

    

 

cc:       
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AMERICAN ASSOCIATION OF ZOO VETERINARIANS 

'Dedicated to wildlife health and conservation" 

581705 White Oak Road· Yulee, Florida, 32097· 904-225-3275· Fax 904-225-3289 

June 16, 2009 

   
 

1uberculosis Committee 
United States Animal Health Association 
522 Flora Vista Rd.. NE 
Olympia, W A 98506 

Dear   

As you may know, since 1996 all elephants in USDA licensed facilities are tested at minimum 
annually fOI Mycobacterium tuberculosis (Mtb).. Testing is done though culturing of lespiratOIY 
samples collected via trunk wash and is conducted following the GUIDELINES FOR THE 
CONTROL OF TUBERCULOSIS IN ELEPHANTS established by the National Tuberculosis 
W Olking Group for Zoo and Wildlife Species .. 

Plior to 2008 the WOlkingGroup was an ad hoc advisory committee ofveteIinarians, 
researchers, and USDA employees, that periodically met (most recently in 2006) to review and 
revise the Guidelines .. At the last meeting several impOItant issues and proposed changes to the 
guidelines were debated and remained unresolved. In 2008 the Working Group was dissolved 
and was replaced by a subcommittee of the TubeIculosis Committee of the United States Animal 
Health Association (USAHA), consisting of a small subset of members from the Working 
Group. Revised Guidelines were issued by the Subcommittee in October 2008 . 

Under the 2008 Guidelines the collection oftIunk was samples for bacteIial cultUIe continues to 
be the only recognized means of diagnosing elephants with Mtb However, the Ievised 
Guidelines incmporated two new tests ancillary: an Elephant TB STAT-PAK® Assay and a 
Multi Antigen Print Immuno Assay (MAPIA). These tests are serological tests that detect Mtb 
antibodies in the blood using similar antigens, and reagents in a modified ELISA fOlmat. They 
are not intended to definitively identify infected animals but are simply screening tests that detect 
antibodies and may be helpful inJdentifYing animals exposed to the Mtb bacteIia. The revised 
Guidelines specify the use of these tests only as a complement to the tIunk wash and to identify 
animals that should be trunk washed more frequently .. 

Both tests were developed by and are proprietary to Chembio, Inc, and are similar in design to 
existing tests for Tb in primates and humans.. The company, in this particular' instance, was 
issued a license by USDA for the elephant TB S TAT -P AK test that restIicted its sale and use to 
federallabOIatOIies, namely the National Veterinary SeIvices LabOIatOIies (NVSL) At the time 
it was widely presumed that this merely meant that veterinarians would have to submit blood 
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samples to the NVSL in order to have the elephant TB STAT -P AK test run .. In contrast, the 
secondaIY MAPIA test was not licensed and can only be used through Chembio itself 

In May, APHIS! Animal Care announced that it had adopted the Revised Guidelines along with 
celtain new testing procedmes that were not included in the Guidelines. Since that time, AAZV 
has wotked with an ad hoc coalition of stakeholders (elephant Olganizations and exhibitors, 
elephant and zoo veterinarians, as well as scientific investigators, in an effOlt to address mutual 
concems and questions about these new requirements .. 

Animal CaIe is proposing to implement the Revised Guidelines' recommendations regarding 
annual testing with the elephantTB STAl-P AK in two ways. First, by having the test conducted 
by a specially tIained APHIS Animal CaIe veteIinarian. Second, by permitting the test to be 
conducted by non-fedeIal veterinarians who are licensed in the appropriate state, are accredited 
by USDA and are certified by Animal CaIe. However, in the case of the lattel, an Animal Care 
veterinaIian or inspector would need to be present to obselve the test We have a nmnber of 
concerns and questions about these new requirements that are discussed in the enclosed copy of 
OUI letter to Acting Administrator ofAPHIS Kevin Shea. 

DUling the course of our discussions with APHIS and Animal Car'e officials, it became apparent 
that there were also further concerns stemming from certain aspects ofthe Revised Guidelines, 
some of which had not been fully discussed Vvith WOlking Group members pliOl to publication. 
The following questions and concerns are ones we believe should be addressed by the 
Committee 

L 	 The Revised Guidelines ar'e not cleanegarding the use of the STAI-PAK 
dUIing the more frequent testing following a STA I -P AK positive sample .. 
The Guidelines need clarification whether the SIAT-PAK is to be performed 
at each trunk wash series (3-4 times a year) 01 just dming the annual trunk 
wash series (1 time per year). 

2.. 	 The Revised Guidelines suggest that an animal that is S TA I -P AK positive be 
trunk washed mOle frequently (3 to 4 times a year).. They also suggest that the 
sample be submitted to Chembio for MAFIA testing. They do not however 
address the status ofan animal that is STAf-PAK positive but found to be 
negative for anti-bodies on MAPIA Given that there is considerable data 
indicating that there are a significant nmnbet of these false positives, and that 
APHIS willtely upon the Revised Guidelines for regulatory purposes, the 
status ofsuch animals should be specifically addressed in the Guidelines .. The 
Committee specifically amended the language recommended by the Working 
Group to require submission of samples to Chembio for MAPIA testing. 

3. 	 Changes to the treatment guidelines for elephants are incorpOIated in the 
Revised Guidelines that fail to address the significant evidence demonstrating 
the toxicity of the d1Ugs in elephants. The Revised Guidelines continue to rely 
on 15 year old treatment guidelines f01 humans that have been largely 



abandoned by physicians due to severe side effects. The dosages and dmation 
of treatments of elephants with dIugs with severe side effects must be 
thoroughly reviewed by the Committee, 

4, 	 The process of MAPIA interpretation in not adchessed in the Guidelines., 
CUll'ently Chembio runs the (multiple antigen) antibody test and then based on 
pIOplietary criteria makes a detelmination ofpositive 01 negative for 
tuberculosis, The cut offlevels used for each antigen, which antigens are 
selected fOI the test, and the final assessment are not published, poorly 
validated, and cannot be veIified independently" To all' knowledge they do 
not even pIOvide a pIinted result of the antibody readings for documentation 
ofthe test, only a positive or negative final result, 

As noted, because the Guidelines have been and will continue to be relied upon by APHIS a 
copy ofthis letter is being forwarded to APHIS along with Oll' letter to ML Shea, 

In light of the questions about the Revised Guidelines we respectfully request that the Committee 
reconvene a subcommittee to further review and revise the Guidelines" We further respectfully 
suggest that the members of that subeommittec equally include members who are directly 
involved in the care and treatment of elephants as well as regulatory officials, in order to ensme 
the effectiveness of the Guidelines, 

:~:~  d to yom '.'ponse 
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USDA
.. 

United States 
Department of 
Agriculture 

Animal and Plant 
Health Inspection 
Service 

"700 River Road 
Riverdale, MD 
20137 

   
 USAHA 

PO Box 8805 
3805 Oakland Avenue. Suite lOlA 
St Joseph. M064508 

Dear   

Animal and Plant Health Insp~tion Service (APHIS), Animal Care, is pleased 
to acknowledge the receipt Qfthe lJSAHA Resolution 49, addressing revision.ofthe 
elephant tuberculosis guidelines in use as a referenceguidc since 1998. USAHA 
has approved the 2008 revisions and made the resolution that APHIS adopt and 
implement the October 29, 2{)O8, .edition of the "Guidelines for the Control of 
TubercuJosis~in Elephants." 

APHIS is adopting the guidelines. An implementation plan has been developed and 
we win begin testing according to the recommended gUidelines in July 2009 after 
Animal Care personnel are trained in the use of the new test. 

We thank USAHA tbr their review and guidance in thi.s matter.and look forward to 
using these now tools to maintain the heaJthand weUwbeing of our US elephant 
population. 

Sincerely~ 

4-J.~~VM 
~/" 

Chester A. Gipson 
Deputy Administrator 
Animal 

Federa.1 Relay Service 
(VoiceIlTY/ASCIIISpaniSh)
1·aao.an.sJ3)l 
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USDA.. 
United States 
Department Of 
Agriculture 

Animal and Plant 
Health Inspection 
Service 

4700 River Road 
Unit 80 
Riverdtlle:, Me 
20137 

301,734·7833 

   
 United States Animal Health Association 

POBox 8805 
3805 Oakland Avenue, Suite lOlA 

Joseph, MO 64508 

Dear   

The Animal and Plant Health Inspection Service (APHIS), Animal Care is pleased to 
acknowledge the receipt of the USAHA Resolution 40. regarding the soring of Tennessee 
Walking and other show horses. This resolution calls for the elimination of the abusive 
practice of soring and requests the United. States Department of Agriculture (USDA). 
APHIS, AC, in cooperation with industry, tooontinue our vigilantmonitoring of the Horse 
Protection Act (lIPA) of 1970. 

W~agree thatcsoring is one ofthe most significant welfare issues affecting any equine breed 
'Or discipline and appreciate the opportunity provide you with more information about our 
enf(}rcement As you mention. the AmericanAssociation ofEquine .Practitioncrs 
(AAEP) issued Ii white paper on August 1,2008 with recommendations on how the horse 
industry can work coHaboratively toend the cruel praCtice of soring horses to accentuate 
tbeir gruts. We believe the AAEP provided sound criticisms and suggestions, and we take 
all ofits recommendations very seriously., particularly the recommendation to eliminate the 
Designated Qualified Persons (DQP) program. 

The 1976 anlendments to the HPA mandated that enforcement responsibility be shared 
amongFedemlandind~stry-certified inspectors, and they also imposed a $5()(},OOO yearly 
appropriation limit. on the enforcement of the HPA. To meet our mandated responsibilities, 
USDA begancertifyin&horse industry organizations (BIOs) to bire DQPs. This 
arrangement extended our enforcement capabilities to cover more horse shows than could 
otherwise be included, given the aforementioned budget limitations. Any changes to 
USDA's current HPA t..'l1fofcement arrangement would require Congressional action. 

We believe this approach allows u.'; to effectivcly enforcethe HPA while maximizing the 
participation HIOs. Since 1999~ Qur officials have worked with ccrtitied HIOs to 
develop Horse Protection Operating Plans. Signatory HIOs are required to consistently 
apply a uniform penalty structure to all HPAviolators. even when APHIS officials are .ootin 
attendance. We strive to ensure that DQPsand APHIS veterinary offIcers 
(VMOs) follow same inspeetionstandardc;.To this enrl.w:cconductjoint DQP-VMO 
training sessions where DQPs and VMOs train side-by-side in an intense program that 
incorporates both classroom elements and hands-on practice. 

Federal Relay Service 
(VOicafTTY~SctllSpani$tl) 
1..aoo-877·S339 

(b)(6)
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In addition. asrecommended intheAAEP yibite paper. APHIS has worked to develop new 
technological tools for use in HPAenforcement to make the inspection process more 
uniform and objective. Two years.ago. we announcL'rl the use of gas chromatography/mass 
spectrometry (GC!l\;lS}---c<1 technique that identifies the composition of chemical mixtures 
that are sometimes applied to horses' legs-as an HP A enforcement tool. GCIMS makes it 
easier to detect the presen,,-"e of numbing substances and determin~ when horses have 
subjected tochemicalandlor mechanical mean..;; of soring. In 200S, APHI S introduced 
thermography-which employs the use of infrared cameras to detect heat and locate areas of 
infirunmmioll--aiongside our physical exwninations. Thermography ha'l been a useful tool 
to assist in the diagnosis ofwring, and we have fully implemented use within our 
inspection procedure for 2009. 

We appreciate USAHA support and hope this information assures you ofour c.ommitment to 
enforcing the HPA. We will continue t.o w.ork co.operatively with BIOs and other . 
stakeholders to ~nhancepubHc~privatecooperati.on and maximize lIPA enforcement Tfy.ou 
would like more intormation.on USDA's HPA enfbrcemcntefforts, plcase visit the Horse 
Protection program's Web page at www.aphis.usda.govlanimaJ~"weHare/hp/i.ndex ,shtmL 

Sincerely, 

ChesterA. Gipson 
Deputy Administrator 
Animal Care 

(b)(6)
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November 10, 2009 

BY FACSIMILE 

Dr, Chester A. Gipson 
Deputy 'Administrator 
Animal Plant and Health Inspection Services 
U ,8. Department ofAgnculture 
4700 River R.oad" Unit 97 
Riverdale. MD 20737 

Re: Outdggr AmuscmeptBusipess As_gtion 

Dear Dr. Gipson: 

l.$ll writing to you ·today on behalf of the Outdoor Amusement Business Association 
(OABA) to express 'Our 'Outrage at recent comments attributed to MIllS personnel regarding the 
revised Guidelin.es fur the Control ofTu:berculosis in Elephants. 

Representing over 10,000 predominately family-ownedand small businesses in the 
mobile amusement industry, OABA,membeIs mcludemany USDA-licensed exhibitors who 
participate in t:raveling circuses and zoos and exhibit 'Or pe.tfonnat county and state fairs and 
o~ community educational ~vents. OABA remains actively engaged in ensuring that our 
members support responsible animal ownership and exhibition and we support USDA! APHIS in 
their efforts to enfotce the Animal Welfare Act. 

Recent events, however.bave been. brought· to ullrattention that we believe require an 
explanation from APInS. At the annual meeting oftbe American Association of Zoo 
Veterinarians this past month, APHIS~ployee Denise Sofranko was in attendance. During an 
open session that included an update on the soon to be released Guidelines f'Or the Control of 
Tuberoulosis in Elephants; several veterinnriansquestioned the new requirement that the test be 
administered only by a USDA veterinaOan} given that most zoo vets administer similar tests on 
other species on a regular basis with()ut this level ofscrutiny or intervention. 

http:Guidelin.es
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 r several sitnilar inquiries in the public forum, AAZV    
  made thestat~llt that '''he would'S8.y whatMs. Sofranko c   that tbe  

req1linmlent'tVM the result of private oWners and small emibitorsfalsifying test results. 
Ms. Sofranko. was observed by sevetlil at themee1ing to be. shaking her head in agreement, 
though she did not comment publicly. Funhennore, several individuals attending the meetiug 
confumed that Ms. Sofranko had given that same explanation to them in private conversations. 

Dr. Gipson, we take these accu~tionsvery seriously. If ANY licensed exhibitor or 
aceredited vet~an - regardleS$ of their size or affiliation - is falsifying test result'! or 
tampering with field tests, we urge you to take appropriate action against those individuals 
immediately. However, to imply that au entire government policy is warranted because of the 
alleged - and to date UDsubstantiated- actions of someunt:m.med individual or individuals - is 
unacceptable. 

We look forward to your .response. Thank you for your time and attention. 

 

  
 
   

cc: 	   
 Outdoor Amusement Business AsS()Ciation (PABA) 


(b)(6)

(b)(6)

(b)(6)

(b)(6)

(b)(6)



HE BIO 

DIAGNOSTICS INC. 

Cbembio Granted USDA License For Its 

ElepbantTB STAT-PAK® Assay 


Rapid Serological Screening for TB in Elephants 

New York, December 1,2007- (OTCBB: CEMI) - Chembio Diagnostic, Inc. (OTC BB: 
CEMLOB - News) announces that it has been issued an United States Department of 
Agriculture (USDA) license for its ElephantTB STAT-PAK Assay designed to rapidly « 
20 minutes) detect tuberculosis (TB) in both Asian and African elephants. Chembio's 
other rapid serological TB assay - PrimaTB STAT-PAK received USDA licensure earlier 
this year. Both products belong to a larger family of rapid immunochromatographic 
assays currently under development at Chembio for the detection of TB in animals. Those 
include CamelidTB STAT-PAK, CervidTB STAT-PAK, and BovidTB STAT-PAK 
Assay kits that all employ Chembio's recently patented technology, (U.S. Patent Number 
7,192,721 - Universal Rapid Test and Method for Detection of Tuberculosis in Multiple 
Host Species). 

While TB has been recognized for over 2,000 years in elephant, it has recently been 
recognized as an important reemerging disease in captive elephants, particularly Asian 
elephants. M. tuberculosis, the most common cause TB classically, causes the same 
infection in humans as in elephants. Transmission of TB between elephant and human 
(zoonoses) has been documented. 

TB remains a serious threat to captive elephants world-wide. Since 1994, TB has been 
diagnosed in over 12% of the US Asian elephant population. One-fourth (-15,000) of all 
the Asian elephants reside in captivity in 13 Asian countries. The high incidence of TB 
among humans in Asia suggests that many elephants within Asia may be also infected. 
Further information about TB in elephant is available from Elephant Care International 

Largely in response to the confirmed occurrence of TB in two captive elephants, 
Guidelines for the Control of Tuberculosis in Elephants were first developed and 
accepted as a policy by the USDA in 1998. These same Guidelines were again updated in 
2000 and 2003. Testing elephant for TB is an essential component of elephant health 
care. The veterinary care of elephant is monitored by USDA under the Animal Welfare 
Act (AWA). The only available diagnostic test for TB in elephants, until the licensure of 
Chembio's ElephantTB STAT-PAK Assay, was mycobacterial culture of trunk wash 
specimens, a procedure similar to obtaining a sputum sample for TB in humans. 

kevagnoni
Sticky Note
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There is considerable evidence that this method has poor sensitivity and can only identify 
animals with e  tensive shedding of the organisms which typically occurs late in the 
disease. Recent published studies on Chembio's ElephantTB STAT-PAK Assay indicate 
that serology is able to detect TB in elephant as much as 4 years prior to culture of TB 
from trunk washes. The current 2007 proposed ElephantTB Guidelines, under review by 
the TB subcommittee of the United States Animal Health Association (USAHA), 
recommend incorporating Chembio's ElephantTB STAT-PAK Assay as an integral 
component in monitoring and managing TB in the US elephant population. 

Chembio's ElephantTB STAT-PAK Assay is a lateral flow, onsite animal side test for the 
rapid detection of antibodies to TB in elephants. The test employs a unique and patented 
cocktail of recombinant proteins or antigens to both M. tuberculosis and M. bovis. The 
assay utilizes whole blood, serum, or plasma in very small aliquots of 30 III to produce a 
qualitative result in less than 20 minutes. 

Contact Chembio's website at www.chembio.com. e-mail your request to 
info@chembio.com, or contact Les Stutzman at LStutzman@chembio.com for more 
information. 

ABOUT CHEMBIO 

Chembio Diagnostics, Inc., a developer and manufacturer of rapid diagnostic tests for 
infectious diseases, is on the frontlines of the global battle against the AIDS pandemic. 
The Company has received marketing approval from the FDA for its SURE CHECK(R) 
HN 112 and HIV 112 STAT-PAK(R) rapid tests, marketed in the United States by 
Inverness Medical Innovations. The Company also manufactures rapid tests for 
veterinary Tuberculosis and Chagas Disease. In March 2007 Chembio was issued a 
United States patent for the Dual Path Platform (DPP(TM», a next generation lateral 
flow platform. DPP has demonstrated significant advantages over currently available 
lateral flow methods, including increased sensitivity, sample flexibility, and multiplexing 
capabilities. 

Further information please visit www.chembio.com 

FORWARD-LOOKING STATEMENTS 
Statements contained herein that are not historical facts may be forward-looking 
statements within the meaning of the Securities Act of 1933, as amended. Forward­
looking statements include statements regarding the intent, belief or current expectations 
of the Company and its management. Such statements are estimates only, as the 
Company has not completed the preparation of its financial statements for those periods, 
nor has its auditor completed the audit of those results. Actual revenue may differ 

http:www.chembio.com
mailto:LStutzman@chembio.com
mailto:info@chembio.com
http:www.chembio.com


materially from those anticipated in this press release. Such statements reflect 
management's current views, are based on certain assumptions and involve risks and 
uncertainties. Actual results, events, or petformance may differ materially from the above 
forward-looking statements due to a number of important factors, and will be dependent 
upon a variety of factors, including, but not limited to Chembio's ability to obtain 
additional financing, to obtain regulatory approvals in a timely manner, and the demand 
for Chembio's products. Chembio undertakes no obligation to publicly update these 
forward-looking statements to reflect events or circumstances that occur after the date 
hereof or to reflect any change in Chembio's expectations with regard to these forward­
looking statements or the occurrence of unanticipated events. Factors that may impact 
Chembio's success are more fully disclosed in Chembio's most recent public filings with 
the U.S. Securities and Exchange Commission. 

COMPANY CONTACT 
Susan Norcott 
(631) 924-1135, ext. 125 
( www.chembio.com) 

http:www.chembio.com
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Tuberculosis (TB) in elephants is a re-emerging zoonotic disease caused primarily by Mycobacterium 
tuberculosis. Current diagnosis relies on trunk wash culture, the only officially recognized test, which has 
serious limitations. Innovative and efficient diagnostic methods are urgently needed. Rapid identification of 
infected animals is a crucial prerequisite for more elfective control of TB, as early diagnosis allows timely 
initiation of chemotherapy. Serology has diagnostic potential, although key antigens have not been identified 
and optimal immunoassay formats are not established. To characterize the humoral responses in elephant TB, 
we tested 143 serum samples collected from 15 elephants over time. These included 48 samples from five 
culture-confirmed TB cases, of which four were in Asian elephants infected with M. tuberculosis and one was in 
an African elephant with Mycobacterium bovis. MuItiantigen print immunoassay (MAPIA) employing a panel 
of 12 defined antigens was used to identify serologic correlates of active disease. ESAT-6 was the immuno­
dominant antigen recognized in elephant TB. Serum immunoglobulin G antibodies to ESAT-6 and other 
proteins were detected up to 3.5 years prior to culture of M. tuberculosis from trunk washes. Antibody levels to 
certain antigens gradually decreased in response to antitubercular therapy, suggesting the possibility of 
treatment monitoring. In addition to MAPIA, serum samples were evaluated with a recently developed rapid 
test (RT) based on lateral flow technology (ElephantTB STAT·PAK). Similarly to MAPIA, infected elephants 
were identified using the RT up to 4 years prior to positive culture. These findings demonstrate the potential 
for TB surveillance and treatment monitoring using the RT and MAPIA, respectively. 

Tuberculosis (TB) caused by Mycobacterium tuberculosis or 
Mycobacterium bows has recently re-emerged as an important 
infectious disease in exotic animals, particularly captive ele­
phants (22, 24, 27). While TB has been recognized as a disease 
of elephants for over 20 centuries, increasing numbers of ele­
phant TB cases have been reported in the past decade (13, 23). 
During 2001 to 2003, an outbreak of TB in a Swedish zoo 
involved five elephants and several other species (giraffes, rhi­
noceroses, and buffaloes), which were found to have been 
infected by four different strains of M. tuberculosis (13). In zoos 
and circuses, TB is more frequently detected in Asian ele­
phants (Elephas maximus) than in African elephants (Lox­
odonta africana) (22, 27). Circumstantial evidence indicates 
that infection can be transmitted to elephants from humans 
and that it may spread between elephants and other suscepti­

• Corresponding author. Mailing address: Chembio Diagnostic Sys­
tems, Inc., 3661 Horseblock Road, Medford, NY 11763. Phone: (631) 
924-1135. Fax: (631) 924-6033. E-mail: k1yashchenko@chembio.com. 

ble species (13, 21, 23). Due to the zoonotic nature of the 
disease and close proximity of zoo/circus elephants to humans, 
the rise in elephant TB cases has potential public health ram­
ifications (26), in addition to creating concern for the health 
and well-being of the animals. 

The immunobiology of elephant TB is poorly understood. 
This lack of knowledge makes it difficult to develop and im­
plement effective methods of testing, treatment, management, 
and control. In contrast to traditional (e.g., cattle) and nontra­
ditional (e.g., various cervid species) livestock, infected ele­
phants are often treated with antibiotics. Effective therapeutic 
regimens are more easily implemented if animals are diag­
nosed early in the course of infection. Early diagnosis also 
reduces the risk of exposure to other zoo animals, elephant 
handlers, and visitors to exhibits. Thus, it is critical to develop 
improved control strategies based upon early identification of 
infected animals. 

After two Asian elephants were diagnosed with M. tubercu­
losis in 1996, the National Tuberculosis Working Group for 
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TABLE l. Diagnosis, treatment, and outcomes for cUlture-positive elephants" 


Age (yr): date of MAPIA and 
Elephant diagnosis, and TB sign Treatment Status

RT (n)species 

L 46; October 1996, 
M tuberculosis 

Weight loss Reactive (6) INH/PZNRIF over food for 12 mo; 
might be compromised by use of 
expired medications; restarted in 
2001, but soon discontinued due 
to weakness 

Relapse 3-4 yr after initial treatment; 
died of TB in February 2005, 
confirmed by positive culture and 
histopathology at necropsy 

C 30; March 1997, 
M. tuberculosis 

None Reactive (12) INH/PZNRIF orally for 6 wk and 
then rectally for 17 mo 

No positive trunk wash cultures after 
treatment; euthanized March 2004 
for deteriorating health 
(degenerative joint disease); no 
evidence of TB at necropsy 

K 31; May 2000, 
M tuberculosis 

None Reactive (12) INH/PZA rectally for 8 mo, 
followed by same plus RIF orally 
for 12 1)10; multiple breaks due to 
intolerance; restarted in March 
2003 with PZA; EMB; ENRO, 
AMK for 14 mo 

Relapse and development of MDR 
strain after frequently interrupted 
treatment; euthanized June 2004 
due to medication intolerance and 
risk of exposure to MDR TB; 
disease confirmed by culture and 
histopathology at necropsy 

N 47; August 2000, 
M. bovis 
(postmortem) 

None Reactive (6) None Never trunk wash culture positive; 
euthanized August 2000 for 
chronic osteomyelitis; gross lesions 
and positive culture from tissues at 
necropsy 

30; October 2000, 
M. tuberculosis 

None Reactive (12) INH and PZA rectally for 12 mo Cured (pending confirmation); 
monthly trunk washes negative for 
culture after treatment to date 

"n, number of serum samples tested; RT, rapid test; MAPIA, multiantigen print immunoassay; INH, isoniazid; PZA, pyrazinamide; RIF, rifampin; EMS, 
ethambutol; ENRO, enroftoxacin; AMK, amikacin; MDR, multidrug resistant. 

b At time of diagnosis. 

Zoo and Wildlife Species was established to develop the best 
strategy of disease control for a variety of exotic animals. As a 
result, through the concerted effort of this group in conjunc­
tion with the United States Department of Agriculture 
(USDA), the Guidelines for the Control of Tuberculosis in Ele­
phants were developed in 1997 (updated in 2000 and 2003). 
The guidelines include TB screening protocols and recommen­
dations for antimicrobial therapy (25). The only USDA-rec­
ommended diagnostic test for TB in elephants is mycobacterial 
culture of trunk wash samples. However, there is a growing 
body of evidence indicating that this method of diagnosis has 
poor sensitivity, as it can only identify animals with extensive 
shedding of the organism that typically occurs late in the 
course of discase. Recent attempts to identify satisfactory al­
ternatives for antemortem detection of TB in elephants using 
traditional techniques (i.e., tuberculin skin test) have been 
unsuccessful (13, 23). In contrast, antibody-based tests appear 
promising, but improved platforms and antigeniC targets are 
needed (12, 31). 

Multiantigen print immunoassay (MAPIA) was developed 
as an efficient tool for the identification of seroreactive anti­
gens in human TB (17). More recently, this method was 
adopted to determine antigen recognition patterns in cattle, 
white-tailed deer, reindeer, and European badgers infected 
with M. bovis (9, 18, 33, 34). In the present study, we used 
MAPIA to characterize antigen recognition profiles and kinet­
ics of immunoglobulin G (IgG) antibody responses to a panel 

of 12 defined antigens of M. tuberculosis and M. bovis in sera 
obtained from elephants with culture-confirmed TB. Serial 
serum samples collected before, during, and after treatment 
were tested. In addition, a rapid test (RT) for TB in elephants 
(ElephantTB STAT-PAK kit) was developed using lateral-Dow 
technology and selected recombinant antigens. With the lim­
ited number of elephants tested, the RT showed the potential 
to he a simple and useful screening assay for early detection of 
TB in elephants, while MAPIA exhibited an added potential 
for monitoring of treatment and prediction of relapse. 

MATERIALS AND METIlODS 

Animals and disease status. Five female elephants (L, C, K, N, and I) ranging 
from 30 to 47 years of age from different locations in the United States were 
diagnosed with TB by mycobacterial culture between 1997 and 2000, Table 1 
summarizes epidemiologic, diagnostic, and treatment data for these animals. 
Two of them (L and C) had a history of exposure to M. tuberculosis-infected 
elephants. Four Asian elephants were culture positive for M. tuberculosis on the 
basis of trunk washes, and one African elephant (N) was culture positive for M. 
bovis at necropsy. The four Asian elephants were treated with antimycobacterial 
compounds for 12 to 20 months, whereas the African elephant did not receive 
therapy, as the diagnosis was made postmortem. Two of the treated animals, K 
and 1.., were given therapy repeatedly after the initial course, as they produced 
positive cultures of M. tuberculosis in posttreatment follow-up trunk wash testing. 
Disease was confirmed postmortem by culture and histopathology examination 
in the untreated African elephant infected with M. bovis and two of the four 
treated Asian elephants infected with M. tuberculosis. In one of the other two, 
which was euthanized for a severe joint disease, no evidence of TB was found 6 
years after treatment. The second one remains alive and well at the time of this 
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wriling. Additional clinical and diagnostic findings are presented in Results. 
Forty-eight serial serum samples (6 to 12 from each animal) collected from the 
five elephants before diagnosis as well as during and after treatment (the total 
obselVation period was 1.5 to 8.5 years) were used to measure the antibody 
responses by MAPIA and the RT. ~incty-fivc sera were also collected over time 
(for up to 10 years and 7 months) from 10 Asian females which had never heen 
trunk wash culture positive, although they lived during 1986 to 2006 in the same 
five locations where the elephants with lB were identified. These samples were 
used as negative controls for the serological studies. Eight of the culture-negative 
elephants were exposed to the lB cases. All serum samples were stored frozen 
at - 20"C or -70"C until testing. 

Culture and drug susceptibility testing. Culture for M. tuberculosis and other 
mycobacteria was performed at the National Veterinary SelVices Lahoratories 
(Ames, IA) in aceordance with Guidelines for the Control of Tuberculosis in 
Elephallls (25), The procedure for collecting triple trunk wash samples was 
descrihed previously (23). In addition, specimens of feces, urine, vaginal dis­
charge, and various tissues obtained at necropsy were processed for culture. The 
following solid media were used: Middlebrook 7H I 0 with glycerol, Middlebrook 
7HII with glycerol, Stonebrinks, andBBL Mycobaetosel L-J; also, BACTEC 12B 
vials were inoculated with 0.5 ml of samplc supplemented with PANTA (poly­
mixin B, amphotericin B, nalidixic acid, trimethoprim, and azlocillin) and eryth­
romycin (32 p.g/ml). Processed specimens were inoculated on media and incu­
bated at 37"C and 10% CO2 for up to 8 weeks. All isolates and BACTEC hottles 
with a growth indicator value of >300 were confirmed with a GenProbe Accu­
Probe Mycobacterium tuberculosis complex culture identification test. If the DNA 
probe test was positiVe, the niacin-nitrate reduction test was performed to con­
firm M. tuberculosis infection. Antimicrobial susceptibility testing was performed 
using BACTEC 460 and the following antibiotics: isoniazid (INH) at O.lltg/ml, 
rifampin (RIF) at 2 p.g/ml, ethambutol (EMB) at 2.5 p.g/ml, streptomycin (STR) 
at 2 p.g/ml, and pyrazinamide (PZ.'l.) at 100 p.g/mL 

Treatment. Culture·positivc elephants were treated with first-line anti-lB 
drugs as recommended in Guidelines for the Control of Thberculosis in Elephants 
in accordance with the protocol mentioned previously (23). Combinations of 
INH, RIF, and/or PZA were given daily or every 48 h, orally or rectally. Daily 
drug doses were 2.5 to 7.5 mglkg for INH, 8 to 10 mglkg for RIF, and 25 to 35 
mglkg for PZA. To treat multidrug,resistant (MDR) lB, a combination of PZA, 
EMB, enrofloxacin (ENRO), and amikacin (AMK) was used. Treatment dura­
tion varied from elephant to clephant, as indicated in Table 1. 

Antigens, A panel of 12 defined proteins of M. tuberculosis was used in 
MAPIA, as described helow. The following recombinant antigens were purified 
to near homogeneity as polyhistidine-tagged proteins: ESAT-6 and CFP- JO pro­
duced at the Statens Serum lnstitut (Copenhagen, Denmark): Mtb8 and Mtb48 
supplied by Corixa Corp. (Seattle, WA); and MPB59, MPB64, MPB70, and 
MPB83 produced at the Veterinary Sciences Division (Stormont, United King, 
dom). a-Crystallin (Acrl) aod the 38-kDa protein were purchased from Standard 
DiagnostiCS (Seoul, South Korea), Native MPB83 protein was kindly supplied by 
Mark Chambers of the Veterinary Laboratories Agency (Weybridge, United 
Kingdom). Polyprotein fusion TBFI0 was developed by Corum Corp, and puri­
fied as descrihed earlier (IO). This construct included Mth8, CFPIO, and the 
38-kDa protein, The hybrids CFP-I0/ESA T -6 and AcrllMPB83 were con­
structed hy overlapping peR using gene-speCific oligonucleotides to amplify the 
genes from M. tuberculosis H37Rv chromosomal DNA. The fused polygene PCR 
products were cloned into the pMCT6 Escherichia coli expression vector using 
SmaI and BamBI restriction enzymes, The hybrids were purified to near homo­
geneity by exploiting the polyhistidine tag encoded by the vector. 

MAFIA. MAPIA was performed as preViously described (17). Briefly, purified 
antigens were immobilized on nitrocellulose membranes (Schleicher & Schuell, 
Keene, N,H.) at a protein concentration of 0.05 mg/ml using a semiautomatic 
micro aerosolization deVIce (Linomat lV, Camag Scientific Inc, Wilmington, DE) 
to generate invisible parallel bands. After antigen printing, the membrane was 
cut into strips 35 mm wide. perpendicular to the antigen hands, so that each strip 
carried all antigens. Next, strips were blocked for 1 h with 1 % nonfat milk in 
phosphate-buffered saline containing 0.05% Tween 20 and then incubated with 
individual serum samples diluted 1 :50 in blocking solution for I h at room 
temperature. After washing, strips were incubated for I h with peroxidase­
conjugated protein G (Sigma) diluted 1:1,000 (Kirkegaard & Perry Lahorato­
ries), followed by another washing step. Elephant"lgG antibodies bound to 
immobilized antigens were visualized with 3,3',s,5'-tetramethyl benzidine 
(Kirkegaard & Perry Laboratories). MAPIA results were scored by two inde­
pendent operators who did not know the true status of elephant samples, with a 
hand of any intensity being read as a positive reaction, Results were also eval­
uated semi quantitatively by scanning and densitometry using Scion Image soft­
ware (version Beta 4,0,2). 

CLlN. VACCINE IMMUNOL 

RI'. Chembio Diagnostic Systems, Inc. (Medford, NY), developed an RT for 
TB in elephants (ElephanllB STAT-PAK kit) using lateral-now technOlogy, The 
antibody detection test employs a unique cocktail of several selected M. tuber­
culosis and/or M. bovis antigens and a blue latex bead-based signal detection 
system, The ready-to-use disposable device consists of a plastic cassette contain­
ing a strip of nitrocellulose membrane impregnated with lest antigen and lami­
nated with several pads made of glass fiber and cellulose. The test requires 30 l.tI 
of serum sample (plasma or whole blood) and 3 drops of sample diluent buffer 
(included in the kit) that are added sequentially to the sample pad. As the diluted 
test sample migrates to the conjugate pad, the latex particles conjugated to 
antigen bind antibody, if present in the sample, thus creating a eolored immune 
complex. Driven by capillary forces, the complex flows laterally across the nitro­
cellulose membrane impregnated with specific antigen and binds to the immo­
bilized antigen, thus producing a blue band in the test area of the device. In the 
absence of specific antibody, no band develops in the test window, The liquid 
continues to migrate along the membrane, producing a similar hlue hand in the 
control area of the devicc, irrespective of I he presence of specific antibody in the 
test sample, demonstrating that the test reagents are functioning properly. Re­
sults are read 20 min after addition of the sample and diluent buffer either 
visually or by using a portable optical reader. Any visible band in the test area, 
in addition to the control line, was considered an antibody-positive result, 
whereas no band was considered a negative result. Semiquantitative evaluation 
of test band intensity in this study was performed by an in-hause-developed 
computer,assisted optical reader designed to measure reflectance at 624 nm. 

RESULTS 

Clinical and diagnostic findings, treatment and pathology. 
The disease status and medical histories of five culture-positive 
and ten culture-negative elephants are presented below and 
summarized in Tables 1 and 2. 

Elephant L. A 46-year-old Asian female elephant resided in 
a herd that had a history of TB. In late 1996, elephant L was 
diagnosed with M. tuberculosis by positive trunk wash culture, 
At the time, she was noticed to have lost a significant amount 
of weight. Several elephant handlers had tested positive for TB 
exposure a few months before elephant L was diagnosed (21), 
Treatment with INH, RIF, and PZA given with food was ini­
tiated in December 1996 and continued for 12 months, Al­
though trunk washes were culture negative during follow-up 
testing, the quality of treatment might have been compro­
mised, as the amounts of anti·TB drug administered were 
insufficient, based on current recommendations. In the follow­
ing years, elephant L remained "excessively thin" and became 
emaciated by 2001, when her trunk washes again produced 
positive culture results. She was treated repeatedly for a short 
period in the second half of 2001 before the intervention was 
discontinued due to her weakness and poor acceptance of 
medications. Although follow-up testing of monthly trunk 
washes or feces did not yield positive findings, elephant L died 
of TB in February 2005. Weakness, depressed appetite, and 
dyspnea were noted several days prior to her death. Postmor­
tem examination revealed multiple gross lesions compatible 
with TB in the lungs and lymph nodes. M tuberculosis was 
cultured from the lungs, lymph nodes, liver, and uterus. The 
isolates obtained from elephant Lin 1996, 2001, and 2005 were 
identical, indicating disease reactivation rather than reinfec, 
tion. Since it was believed that she had long-standing disease 
combined with an inadequate treatment history, the increased 
likelihood of MDR TB was considered; however, drug suscep­
tibility testing of the M. tuberculosis isolates failed to confirm 
this suspicion. 

Elephant C. A 30-year-old Asian female elephant was orig­
inally a performer in a traveling circus before spending her last 
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TABLE 2. Disease status of culture-negative elephantsa 


Age and MAPIA and 
Elephant source TB Other diagnosis Treatment Status

RT (n)(exposure) 

B 30; unknown Chronic wasting discase NR (1) None Died May 2004; no evidence of TB 
at necropsy 

Dl 60; elephant L Osteomyelitis NR(7) None Annual trunk washes negative for 
culture to date 

T1 31; elephant C Foot disease NR (20) INH orally for 5 mo; Euthanized March 2005 for foot 
discontinued May 1998 due problems; no evidence of TB at 
to poor acceptance necropsy 

P 41; unknown Chronic arthritis NR (7) Anti-inflammatory drugs Euthanized November 1992 for 
chronic arthritis; M. intracellulare 
isolated from lungs; no evidence 
of TB at necropsy 

SI 36; elephant K Glomerulonephritis NR (15) Antibiotics, aspirin, nutritional Died February 2003; no evidence 
supplements of TB at necropsy 

T2 31; elephant K None NR (22) None Quarterly trunk washes negative 
for culture to date 

S2 25; elephant N None NR (1) None Annual trunk washes negative for 
culture to date 

A 30; elephant I None NR (8) None Semiannual trunk washes negative 
for culture to date 

D2 16; elephant I None NR (6) None Semiannual trunk washes negative 
for culture to date 

R 12; elephant I None NR (8) None Semiannual trunk washes negative 
for. culture to date 

" II, number of serum samples tested; RT, rapid test; MAPIA, multiantigen print immunoassay; INH, isoniazid; NR, nonreactive. 
h At time of TB diagnosis in same zoo. 

several years in zoos. Elephant C had no symptoms suggestive 
of TB when she tested positive for M tuberculosis from trunk 
wash cultures collected in April 1997. The diagnosis occurred 
weeks after she was transported from another zoo where an 
elephant had just died of Salnwnella enterica infection but 
necrop~;y revealed evidence of pulmonary TB (M tuberculosis 
was isolated from a mesenteric lymph node) and where three 
elephant handlers reportedly tested positive for TB exposure. 
The M. tuberculosis isolates were susceptible to all five antibi­
otics in vitro. Treatment with INH, RIF, and PZA given over 
food was initiated in May 1997. The treatment was changed 3 
months later to drug administration via rectal suppository and 
completed in December 1998. Follow-up trunk wash cultures 
remained negative from July 1997 (2 months after initiation of 
oral treatment). In March 2004, elephant C was euthanized 
due to severe joint disease. No evidence of active TB was found 
at necropsy. 

Elephant K. A 31-year-old Asian female elephant lived in a 
zoo that had no hi~tory of TB. Screening elephants for myco­
bacterial diseases included triple trunk swabs in 1997, replaced 
by triple trunk washes starting in 1998. In May 2000, testing of 
mucous discharge from the trunk yielded positive results for 
acid-fast bacilli (AFB) and culture of M tuberculosis. During 
the following weeks, M tuberculosis was also isolated from 
vaginal discharge and feces. No symptoms suggestive of TB 
were observed. Daily rectal therapy with INH and PZA was 
immediately initiated. After 2 months, treatment was changed 
to 48-h medication intervals for another 9 months, in accor­
dance with the 2000 Guidelines for the Control of Tuberculosis 
in Elephants. Treatment was then changed to oral administra­
tion, and RIF was added to the protocol. Therapy continued 
for another 12 months, but on multiple occasions it was dis­

continued for several days to a few weeks due to poor appetite 
and depression. Follow-up trunk wash and vaginal discharge 
samples repeatedly tested culture negative for 1 year after 
treatment, until M. tuberculosis was detected in vaginal dis­
charge and urine samples in, February 2003. The isolate was 
found to be an MDR strain (resistant to INH and RIF). Treat­
ment with PZA, EMB, and ENRO orally and AMK intramus­
cularly was initiated and continued for another year, but again 
there were frequent interruptions because of drug intolerance 
causing illness, poor appetite, and dcpression. Elephant K was 
euthanized in June 2004 due to recurring intolerance to med­
ication and risk of exposure of staff and animal collection to 
MDR TB. A postmortem examination confirmed active dis­
ease with moderate to severe, chronic, diffuse granulomatous 
lymphadenitis with mineralization and moderate to severe, 
chronic, multifocal and coalescing granulomatous pneumonia 
with mineralization and rare intralesional AFB. Granuloma­
tous lesions were also found in the uterus and abdomen. M 
tuberculosis was cultured from the lungs and lymph nodes. 

Elephant N. A 46-year-old female African bush elephant 
(Loxodonta africana knochenhaueri) resided in a zoo that had 
a history ofM bovis infection in other species. Elephant N had 
no signs suggestive of TB but suffered from a chronic nonre­
sponsive osteomyelitis and was euthanized in August 2000. 
Other medical concerns included recurrent episodes of ventral 
edema and hyperprolactinemia. Screening for mycobacterial 
diseases by triple trunk swabs in 1997 or by annual triple trunk 
washes starting in 1998 had produced negative results. At nec­
ropsy, in addition to chronic osteomyelitis, an extensive gran­
ulomatous pneumonia was found, and M bovis was cultured 
from several tissue samples. The isolate was resistant to PZA, 
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which was expected for M bovis. Also, Mycobacterium avium 
was isolated from the frontal sinus. 

Elephant I. A 30-year-old female Asian elephant was trans­
ported from a circus to a zoo in August 1997. Trunk wash 
cultures were performed nine times in 1998 with no growth of 
M. tuberculosis. Elephant I did not have any clinical signs of 
disease. In late 2000, three separate trunk washes collected in 
October and November produced positive cultures of M tu­
berculosis. Treatment with INH and PZA rectally was initiated 
in late December 2000. Six weeks later, a follow-up trunk wash 
culture yielded a positive result. This culture contained two M 
tuberculosis isolates, both of which were different from the 
original isolate. Of the three isolates, two were pan sensitive to 
antitubercular drugs, while the third (one of those found dur­
ing treatment) was monoresistant to RIF. Administration of 
INH and PZA continued for 1 year until January 2002 without 
any further positive cultures. Monthly trunk washes have con­
tinued to be culture negative to date. 

Culture-negative elephants. Ten elephants from the same 
herds where the five TB cases had been found were included in 
this study as a control (TB-negative) group (Table 2). All were 
Asian females with a history of multiple "no isolation" trunk 
wash cultures. The average age in this group was similar to that 
of the elephants with TB (31.2 and 36.8 years, respectively). Of 
the 10 control elephants, eight had been exposed to TB, five 
had other maladies (i.e., chronic wasting disease, osteomyelitis, 
glomerulonephritis, and chronic arthritis), and two received 
antibiotic treatment (Table 2). Four elephants were confirmed 
as negative for TB, as no evidence of TB was found at necropsy 
when they died or were euthanized for other reasons. 

Antibody responses and antigen recognition in MAPIA. Hu­
moral immune responses in five elephants with TB were char­
acterized by retrospective serological testing of sequential sam­
ples collected over timc using MAPIA (Fig. 1). In elephant K, 
the IgG antibody responses were first detected in November 
1996, 42 months before the diagnosis was made by trunk wash 
culture in May 2000. The earliest antigen recognized was 
ESAT-6, either alone or as a fusion protein with CFP10. The 
magnitude of the antibody response increased dramatically 
over time and involved multiple antigens consistently recog­
nized during 1997 to 2000. In addition to ESAT-6, seroreactive 
proteins were CFPlO, the 38-kDa protein, Acr1, MPB83, 
Mtb48, and the Acr1/MPB83 fusion protein. After treatment 
was initiated in May 2000, levels of antibodies to certain anti­
gens declined while others remained unchanged in the follow­
ing years. 

Asian elephants C, L, and I, which were infected with M 
tuberculosis, and African elephant N, which was infected with 
M bovis, produced strong antibody responses to several anti­
gens at the time of culture-based diagnosis. Their sera showed 
similar patterns of antigen reactivity in MAPIA, including 
ESAT-6, CFPlO, and fusions containing these molecules. An 
anti-ESAT-6 IgG response in elephant N was first detected in 
February 1999, 18 months before M. bovis was isolated from 
tissues at necropsy. In elephant I, the only prediagnosis sample 
collccted in September 1998 (over 2 years prior to positive 
trunk wash culture) was already reactive in MAPIA, showing a 
similar magnitude of antibody response with an almost identi­
cal antigen recognition pattern to that found at the time of 
culture-based diagnosis. No samples taken prior to diagnosis 
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by culture were available from elephants C and L to establish 
the time of seroconversion. As observed in elephant K, the 
antibody levels in elephants C, L, and I gradually declined for 
several months after initiation of treatment and remained low 
or undetectable for many years thereafter. No antibody was 
detected by MAPIA in any serum sample from the consistently 
culture-negative elephants (Table 2). 

Antibody detection by the RT. Lateral-flow technology offers 
a very simple and rapid way to detect antibody of interest in a 
diagnostic sample. Qualitative "yes-or-no" read-outs can be 
obtained within 20 min by visual evaluation. Also, if necessary, 
the intensity of test' bands can be measured by an optical 
reader. Figure 2 shows examples of RT images obtained with 
selected samples from three elephants (K, N, and I) collected 
before seroconversion (nonreactive) and at the time of culture­
based diagnosis (reactive). Reader-generated data (Fig. 3) 
demonstrated that antibody detection by the RT was generally 
in agreement with MAPIA results (Fig. 1). The RT detected 
antibody as early during infection as it was measurable by 
MAPIA or even several months earlier in one TB case. In 
elephant K, the March 1996 sample was reactive by the RT but 
still nonreactive by MAPIA (presumably due to the ability of 
the RT to detect IgM in addition to IgG). Strong RT bands 
were observed with sera from all five culture-positive elephants 
(Fig. 2 and 3), with optical reflectance readouts ranging from 
257 units for elephant N to 728 units for elephant I obtained at 
the time of diagnosis. No antibody was detected in any of the 
consistently culture-negative elephants (Table 2). Optical 
reader values for all 95 sera in this group were O. 

Seroconversion and shedding. Availability of prediagnosis 
samples from three of the infected elephants provided an op­
portunity to compare the timing of antibody response onset to 
that of culture-based diagnosis. In elephant K, serum collected 
in March 1996 was positive by the RT, over 4 years earlier 
than the diagnosis made by culture in May 2000 (Fig. 3). By 
MAPIA, an IgG antibody response to ESAT-6 was first de­
tected in September 1996, or 3.5 years earlier than M tuber­
culosis was isolated from trunk washes (Fig. 1). For elephant I, 
a high-level antibody response was detected by both MAPIA 
and the RT in a sample collected in September 1998 (no 
earlier sample was available), over 2 years before the culture­
based diagnosis (Fig. 1 and 3). Sera from elephant N were 
reactive by the RT and MAPIA 1.5 years prior to M bovis 
isolation at necropsy. The remaining two CUlture-positive ele­
phants had IgG responses already well established by the time 
of diagnosis (no prediagnosis serum samples were available). 
Thus, our observations strongly suggest that antibody-based 
assays have the potential to identify infected elephants long 
before shedding stages of the disease. 

Effect of antimycobacterial therapy on antibody levels. As 
mentioned above, humoral immune responses in all elephants 
with TB were robust and well established at the time of diag­
nosis. Antimycobacterial therapy was administered to four of 
the culture-positive elephants (L, C, K, and I). In most cases, 
the RT remained strongly reactive during and after treatment, 
showing little change over time (Fig. 3). In contrast, MAPIA 
demonstrated that the levels of antibody to certain antigens 
declined rather quickly down to baseline in response to treat­
ment. Figures 1 and 4 show MAPIA strips and corresponding 
semiquantitative data obtained with selected antigens by scan­



VOL 13,2006 ANTIBODY RESPONSES IN ELEPHANT TUBERCULOSIS 727 

FIG. 1. Serum IgG antibody responses in culture-positive elephants to individual antigens of M. tuberculosis. MAPIA was performed as 
described in Materials and Methods. Each panel of strips represents a set of serum samples collected over time from one elephant, as shown 
(K, I, C, L, and N). Each strip represents one serum sample collected on the date indicated. Bands on MAPIA strips show the presence of 
antibodies to antigens printed (listed on the right). Time of diagnosis by positive culture is shown by arrows, and treatment duration is 
indicated for each elephant. 

ning and densitometry. In elephant K, the antibody response to 
ESAT-6 (as well as a few other antigens) was not affected by 
therapy. In contrast, serum IgG reactivity to Acrl and Mtb48, 
particularly, decreased to baseline levels during treatment. In­
terestingly, a short-lived spike of antibody response to Mtb48 
in February 2003 appeared to coincide with a positive culture 
of M. tuberculosis from this elephant again, followed by its 
decline after treatment was reinitiated in March 2003. In ele­
phants C and I, whose sera predominantly recognized ESAT-6 
and CFPlO, the antibody levels also decreased progressively 
and remained low or undetectable in the posttreatment period. 
In contrast, after a similar response to initial antimycobacterial 
therapy, elephant L showed a significant increase in antibody 

response in 2000, about 3 years after treatment and a year 
before another positive trunk wash culture. High levels of 
antibody lasted in this elephant until her death from TB in 
February 2005. Therefore, our findings demonstrate that 
MAPIA may have the potential for monitoring treatment 
and predicting relapses of TB in elephants. 

DISCUSSION 

Elephant TB has recently emerged as a serious infectious 
disease with zoonotic potential. Although it has been reported 
that about 3% of captive ei,ephants in the United States are 
infected with M. tuberculosis (22, 27), recent estimates are up 
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1 2 3 4 5 
FIG. 2. Rapid detection of serum antibodies by the ElephantTB STAT·PAK kit. The RT was performed as described in Materials and 

Methods. In the test window, the upper line is the control band and the lower line is the test band. Results were obtained with selected serum 
samples from elephant K (1, November 1995; 2, April 20(0), elephant L (3, October 1996), and elephant N (4, August 2000; 5, January 1999). RT 
images 1 and 5 represent nonreactive samples collected from elephants K and N, respectively, before seroconversions. RT images 2 and 4 represent 
reactive samples from the same two elephants collected at the time of diagnosis by positive cultures of M. tuberculosis and M. bovis, respectively. 
Semiquantitative results obtained with an optical reader (intensity of test band measured as peak area) were' as follows: 1,0 units; 2, 714 units; 3, 
458 units; 4, 257 units; and 5, 0 units. 

to 6% (S. K. Mikota, unpublished data). Since the estimation (4). However, in other host species, including humans, badgers, 
is based on the results of trunk wash culture and this method cattle, white-tailed deer, and reindeer, this antigen is not the 
has inadequate sensitivity, the true number of elephants har­ most important antigenic target for serum antibodies (9, 15, 16, 
boring 1'8 is likely higher. In humans, TB diagnosis is based on 18, 33, 34). Thus, it appears to be critical to determine the 
evaluation of clinical symptoms and laboratory methods, such immunodominant antigens for each new species to be evalu­
as chest X-ray, smear microscopy, culture, or PCR probes (7, ated for TB serodiagnosis. 
29). In cattle, the intradermal skin test remains the primary Humoral immunity in TB is characterized by individual vari­
screening tool in most countries, while the in vitro whole-blood ation in antigen recognition (15, 17). Both pathogen- and host­
gamma interferon Bovigam assay (Prionics AG, Schlieren, related factors are believed to determine this heterogeneity. It 
Switzerland) is generally used as an ancillary test (28). None of has been suggested that differential expression of stage-specific 
these methods provides reliable 1'8 diagnosis in elephants. M. tuberculosis genes can lead to shifting profiles of the pre­
Trunk wash culture, the only officially recommended diagnos­ dominant immune recognition of corresponding proteins in 
tic test in the United States, has poor sensitivity. It is labor­ the course of disease (5, 16). Latent TB infection in humans is 
intensive, time-consuming, and costly. This test requires three reportedly associated with up-regulation of the gene encoding 
trunk wash samples collected on different days within 1 week. the 16-kDa heat shock protein known as a-crystallin (Acrl, 
Both elephant and caretaker must be appropriately trained to Rv2031c), whereas other antigens may be predominantly rec­
obtain a trunk wash sample of acceptable quality. To further ognized by T cells and/or antibodies in the acute phase of 
complicate a timely diagnosis, most elephants with active TB disease (5, 6). The present study, however, did not provide any 
have no clinical signs of disease. In fact, four of the five culture· evidence for significant changes in antibody profiles during 
positive elephants described in the present study were asymp­ elephant infection with M. tuberculosis, except in response to 
tomatic at the time of shedding. Therefore, early diagnosis of therapy. 
TB in elephants can be very elusive. Although antitubercular therapy in animals is not common, 

The present study is the first attempt to define immunodom­ treatment is a preferred choice for culture-positive elephants 
inant antigens of M. tuberculosis/M. bovis in elephant 1'8. We in the United States. Guidelines for the Control of Tuberculosis 
found that ESAT-6 is strongly recognized by serum IgG in all in Elephants (25) defines general principles and protocols of 
culture-positive elephants. Less frequently reactive antigens treatment. Drug dosages and regimens are continuously opti­
are CFPlO, MPB83, Mtb48, Acrl, and the 38-kDa protein. mized (19, 20, 35). Insufficient or improper treatment of 1'8 in 
Polyepitope fusions containing one or two of these protein humans is the major cause of emerging MDR strains of M. 
sequences performed especially well in MAPIA, consistent tuberculosis (30). In elephant K, the initial isolate was suscep­
with our previous reports on human, cattle, and deer 1'8 se­ tible to all first-line drugs but converted to an MDR strain 
rology (10,18,33). The predominant recognition of ESAT-6 is when found again 1 year after a 20-month treatment involving 
also found in nonhuman primates infected with M. tuberculosis multiple interruptions mostly due to drug intolerance. Further, 
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in elephant I, three different isolates of M. tuberculosis were 
found, one of which was resistant to RIF but not to INH. This 
rare pattern of drug resistance is found mostly in TB patients 
with AIDS who receive highly active antiretroviral therapy in 
combination with antitubercular treatment including RIF (G. 
Simpson, personar communication). 

The effects of antitubercular therapy on immune responses 
of human TB patients have been described (2). In most cases, 
antibody levels in seropositive patients declined within several 
months after start of treatment (3, 11). Monitoring of treat­
ment is particularly important in situations where drug doses 
are not fully optimized and regimens are not well established. 
A recent elephant TB serology study showed that the antibody 
levels measured by enzyme-linked immunosorbent assay 
(ELISA) using M. bovis culture filtrate changed during treat­
ment (12). In agreement with that observation, the MAPIA 
data presented here demonstrate that IgG to particular pro­
teins of M. tuberculosis can be a sensitive marker for monitor­
ing anti-TB treatment. Some antigens were more informative 
than others for predicting treatment outcomes, and they were 
not the same in all treated elephants. Therefore, the kinetics of 
antibody responses should be analyzed on a case-by-case b~is 
for each antigen used in MAPIA. 

As point-of-care diagnostics have demonstrated certain ad­
vantages, novel assay formats for infectious diseases developed 
in recent years become increasingly attractive. Therefore, the 
RT for detection ofTB in elephants (ElephantTB STAT-PAK 
kit) was recently designed by Chembio Diagnostic Systems, 
Inc., and was used in the present study to evaluate its potential 
as a firSt-line TB screening tool. The RT is a disposable device 
that employs lateral-flow technology and a unique cocktail of 
recombinant antigens of M. tuberculosis and/or M. bovis to 
detect specific antibodies of three immunoglobulin classes, 
IgG, IgM, and IgA. The RT requires only 30 j.ll of serum, 
plasma, or whole-blood sample and provides results within 20 
min. The RT is stable at room temperature for up to 18 months 
and requires no laboratory environment or skilled personnel, 
as it is easy to perform and read. Ifnecessary, this assay can be 
supplemented by use of an optical reading instrument that 
would overcome the issue of subjectivity of visual evaluation 
and allow a higher degree of test standardization, generating 
quantitative rcsults, establishing numerical cutoffs, and archiv­
ing data. In the present study, the RT showed the potential for 
early antibody detection in African and Asian elephants in­
fected with M. tuberculosis or M. bovis. In one infected animal, 
the RT revealed seroconvcrsion 6 months bcfore MAPIA did, 
presumably due to IgM deteetion. Thus, the RT may be the 
most suitable screening tool to improve elephant TB diagnosis 
and surveillance. 

In addition to the five TB cases, we tested 95 sera from ten 
culture-negative elephants (1 to 22 samples from eaeh animal) 
collected between October 1986 and January 2006. No anti­
body was deteeted in any sample. Importantly, four of the ten 
elephants were confirmed negative controls, as they either died 
or were euthanized for various reasons and no evidence of TB 
was found at necropsy. In one of these elephants, Mycobacte­
rium intracellulare was isolated from the lungs. Although fur­
ther evaluation of the immunoassays will require testing 
greater numbers of elephants, the absence of false-positive 
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results by MAPIA or the RT in the present study suggests high 
serodiagnostic specificity. 

A multiantigen ELISA for elephant TB was deseribed re­
cently (12). In that study, three preparations of M. bovis (heat­
inactivated eulture filtrate, bovine purified protein derivative, 
and protein MPB70), two lipoarabinomannan antigens puri­
fied from virulent (Erdman) and avirulent (H37Ra) strains of 
M. tuberculosis, and avian pUrified protein derivative produced 
from M. avium were used. Among these antigens, the M. bovis 
culture filtrate showed the highest degree of serologieal dis­
crimination between seven M. tuberculosis culture-positive and 
40 negative elephants. The calculated sensitivity of .the ELISA 
was 100%, and the specificity was 95%. The authors of that 
report recognized that "only animals that were aetively shed­
ding M. tuberculosis were used as confirmed positives, and the 
degree of seroreactivity in nonclinieal, nonshedding, infected 
elephants is unknown". In the present study, we tested multiple 
serum samples collected long before positive culture results 
were obtained. In two elephants (K and N), for whieh earlier 
serum samples were available, retrospective testing revealed evi­
dent seroconverSions. Most importantly,. the antlbody responses 
could be detected in infected elephants several yearS prior to 
shedding stages, demonstrating that serological assays might 
prove useful for early detection of TB in elephants. Antibody­
based tests are unlikely to replace culture methods, as isolation of 
the pathogen from infected animals will always be important to 
confirm the diagnosis, identifY the strain, and collect drug suscep­
tibility data (23). However, management and control of TB in 
elephants and other nondomestic species would greatly benefit 
from early and rapid serodiagnosis. The cost of delayed diagnosis 
of TB in elephants may be extremely high. Elephants with unde­
tected active TB may pose a serious threat of infeetion to other 
elephants, other animal species, and humans. Delayed diagnosis 
of TB in humans (>90 days) was found to increase rates of 
transmission to contacts (8) while placing the contacts at higher 
risk of infection. Therefore, earlier recognition of disease in ele­
phants followed by immediate and appropriate interventions may 
prevent further spreading of M. tuberculosis. 

Early stages of TB infection are associated with high expres­
sion of ESAT-6 (1), while the immune response to this antigen 
is known to correlate with progression and severity of disease 
(6,32). In the present study, antibody to ESAT-6 was found in 
all culture-positive elephants by the time of diagnosis. Impor­
tantly, the response declined to baseline levels in those that 
appeared to be eured while remaining at high levels in those 
whose treatment turned out to be unsuccessful. The MAPIA 
predicted therapy failure in two elephants (L and K), as dem­
onstrated by the sharp increase of antibody levels observed 
shortly before diseased animals started to shed organisms 
again. In human studies, higher rates of relapse after comple­
tion of therapy were found in TB patients who had prema­
turely suspended treatment (14). The other two treated ele­
phants (C and I) produced MAPIA patterns predictive of 
cured TB without any relapse for several years after comple­
tion of therapy. One of these elephants was euthanized be­
eause of another disease and no evidence of TB was found at 
necropsy, whereas the other is alive and well at the time of this 
writing (over 4 years after treatment). 

In summary, the present work improves our understanding 
of the immunobiology of elephant TB. We report here that 
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elephants diagnosed with M tuberculosis produce robust anti­
body responses to multiple antigens long before positive cul­
tures can be detected from trunk washes. These findings open 
the possibility of serological application for earlier detection of 
TB in elephants. We identified the key antigens of M tuber­
culosis recognized by elephant IgG antibodies. We demon­
sLrated the potential for the RT as an efficient TB screening 
tool and for MAPIA as a useful approach for treatment mon­
itoring. Further, MAPIA utilizing antigens that are highly 
specific for the M tuberculosis complex can constitute a 
confirmatory test, in addition to the RT, to avoid false­
positive results due to potential cross-reactivity with non-TB 
mycobacteria. The use of such immunoassays will make it 
possible to identify infected elephants with high accuracy 
and start treatment at the earliest stages of disease, long 
before shedding, potentially leading to improved cure rates, 
decreased likelihood for development of MDR strains, and 
reduced transmission of infection. 
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Tuberculosis (TB) in elephants is a reemerging zoonotic disease caused primarily by Mycobacterium a 
3

tuberculosis. Current methods for screening and diagnosis rely on trunk wash culture, which has serious 
~.limitations due to low test sensitivity, slow turnaround time, and variable sample quality. Innovative and iu

more efficient diagnostic tools are urgently needed. We describe three novel serologic techniques, the en 
3

ElephantTB Stat-Pak kit, multiantigen print immunoassay, and dual-path platform VetTB test, for rapid o 
antibody detection in elephants. The study was performed with serum samples from 236 captive African .a 

C"
and Asian elephants from S3 different locations in the United States and Europe. The elephants were "< 

divided into three groups based on disease status and history of exposure: (i) 26 animals with culture­ 8 
confirmed TB due to M. tuberculosis or Mycobacterium bovis, (ii) 63 exposed elephants from known-infected z 

(f) 

herds that had never produced a culture-positive result from trunk wash samples, and (iii) 147 elephants 
without clinical symptoms suggestive of TB, with consistently negative trunk wash culture results, and i 
with no history of potential exposure to TB in the past Syears. Elephants with culture-confirmed TB and -I 

Z 
a proportion of exposed but trunk wash culture-negative elephants produced robust antibody responses to r 

multiple antigens ofM. tuberculosis, with seroconversions detectable years before TB-positive cultures were ~ obtained from trunk wash specimens. ESAT-6 and CFPI0 proteins were immunodominant antigens :::c 
recognized by elephant antibodies during disease. The serologic assays demonstrated 100% sensitivity and (")

:::c 
m9S to 100% specificity. Rapid and accurate antibody tests to identify infected elephants will likely allow z 

earlier and more efficient treatment, thus limiting transmission of infection to other susceptible animals ;>\ 

and to humans. o 
o 

" 

Tuberculosis (TB) in captive elephants has been recog­
nized as a reemerging zoonotic disease since at least the 
1960s (22, 24, 26). In the past decade, growing numbers of 
elephant TB cases due to Mycobacterium tuberculosis or 
Mycobacterium bovis have been reported, presumably as a 
result of increased surveillance (11, 16,25,28). North AmJr­
ican populations of African (Loxodonta africana) and ASihn 
(Elephas maximus) elephants are declining, while captive 
breeding is historically poor. Efforts to maintain a self-sus­
taining captive population are hindered by TB-related is­
sues. Many infected elephants may never exhibit clinical 
signs, whereas others with progressive disease may do so 
only in the terminal stages, thus making it difficult to rec­
ognize TB early (22, 24). Shedding of organisms during the 
preclinical period results in environmental contamination 
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s:: 
Dl 
"< 
•./>0.and presents a high risk of transmission to humans, ele­
I\J

phants, and other mammals (11, 20, 27, 31). o 
o 

The diagnostic value of the only existing antemortem testing CD 

method (i.e., culture of trunk wash samples) officially recom­
mended by the United States Department of Agriculture 
(USDA) is limited by poor accuracy, slow turnaround time for 
sample processing, variable specimen quality, and sample ac­
quisition logistics (11, 16, 25). Antibody detection assays have 
shown promising potential for identification of elephants in­
fected with M tuberculosis or M bovis (10, 16). The new ver­
sion of the Guidelines for the Control of Tuberculosis in Ele­
phants 2008 (4) was recently approved by the United States 
Animal Health Association TB Committee. The document, 
including certain serologic tests, along with trunk wash culture 
for routine surveillance, is currently under USDA review to be 
adopted. This study describes the use of three novel serologic 
techniques (the ElephantTB Stat-Pak kit, multiantigen print 
immunoassay [MAPIA], and the dual-path platform [DPP] 
test) designed for early and accurate detection of TB in ele­
phants. 
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TABLE 1. Study population 

1\0.Age
Group range (yr) African Asian Male Female Total 

Culture-confirmed TB 14-63 4 22 4 22 26 
Exposed to TB 6-68 7 56 5 58 63 
Healthy or other 2---61 79 68 31 116 147 

disease" 

Total 2---68 90 146 40 196 236 

a Thirteen elephants with other diagnoses (chronic wasting syndrome, osteo­
myelitis, glomerulonephritis, chronic arthritis, or MOTT) were included. 

MATERIALS AND METHODS 

Animals. The study Was performed witb samples from 236 captive African and 
Asian elephants 2 to 68 years of age from over 53 different locations in the 
United States and Europe. The elephants Were divided into three groups based 
on disease status and history of exposure (Table l). The TB-infected group 
includcd 26 animals from 17 herds with culture-confirmed TB due to M. tuber· 
culosis (n 25) or M. bovis (Il = 1). Of the 26 elephants, 7 died and 11 were 
humanely euthanized. TB was not necessarily the Cause of death or the reason 
for eutbanasia. Disease was diagnosed antemortem by trunk wash culture (n 
15; 58%) or only postmortem by isolatingM. tuberculosis or M. bovis from various 
tissues (n 11; 42%). Tcn elephants were treated with first-line anti-TB drugs 
as recommended by the Guidelines for the Control of Tuberculosis in ElephantS 
(33). The TB-exposed group included 63 elephants originating from 14 infected 
herds. Although no positive culture was ever isolated from trunk washes, some of 
these elephants could have been infected, as all of them had been in direct or 
indirect contact with known TB cases. A proportion of this group may have 
received prophylactic treatment, but the exact number of treated animals re­
mains unknown due to nondisclosure policies for treatment regimens. The non­
infected group consisted of 147 elephants without clinical symptoms suggestive of 
TB, with Consistently negative trunk wash culture results, and with no history of 
potential TB exposure in tbe past 5 years. This group included 134 healthy 
animals and 13 with alternative diagnoses, such as chronic wasting syndrome, 
osteomyelitis, glomerulonephritis, chronic arthritis, Or mycobacteriosis other 
than TB (MOTT). The last subgroup of four elephants included lung infection 
with Mycobacterium intracellulare. lymph node infection with an unidentified 
atypical mycobacterium, and two cases of fatal mycobacteriosis caused by My­
cobacterium szulgai (9). Eighteen elephants were confirmed TB negative post­
mortem, as they died or were euthanized for other reasons and no evidence of 
TB was found at necropsy. Banked sera and freshly collected blood specimens 
were used for both retrospective and prospective serologic studies. All serum 
samples were stored frozen at - 20°C or -70'C until they were tested. 

Culture. The procedure for collecting triple trunk wash samples for culture 
was performed as described previously (25). Feces, urine, vaginal discharge, and 
various other tissues obtained at nccropsywere also submitted for culture testing. 
Isolation and identification of M. tuberculosis and other mycobacteria were per­
formed at the National Veterinary Services Laboratories (Ames, IA) and other 
certified laboratories, in accordance with the Guidelines for the Control of Tu­
berculosis in ElephantS (33). Briefly, Middlebrook 7810 with glycerol, Middle­
brook 7HII with glycerol, Stonebrinks, and BBL Mycobactosel L-J media, as 
well as BACI'EC 12B vials, were inoculated with 0.5 ml of sample supplemented 
with PANTA (Becton Dickinson) and erythromycin (32 >,glml). Processed spec­
imens were inoculated on media and incubated at 37'C and 10% CO2 for up to 
8 weeks. All isolates and Bactec bottles with a growth indicator value of >300 
were confirmed with the AccuProbe Mycobacterium tuberculosis Complex Cul­
tUTe Identification Test (Gen-Probe, San Diego, CA). If the DNA probe Was 
positive, the niacin-nitrate rcduction tesl was performed to confirm M. tubercu­
losis. MOTT spccies werc identified by Gen-Probe AccuProbe Culture Idcntifi­
cation Tesl" according to the manufacturer's recommended procedures. 

Electrophoresis and immllnoblot assay. The antibody responses of the ele­
phants were evaluated over time by immunoblot analysis using procedures de­
scribed previously (6). Briefly, 115 >,g of a whole-cell sonicate (WCS) of M. bovis 
strain 95-1315 was electrophoresed through preparative 12% (WlNol) polyacryl­
amide gels. Electrophoretic transfer of proteins onto pure nitrocellulose was 
accomplished with the Bio-Rad Trans Blot Cell (Bio-Rad Laboratories, Missis-. 
sauga, Ontario, Canada) using sodium phosphate buffer (25 mM; pH 7.8) at 0.8 
A for 90 min. After transfer, the filters were blocked with phosphate-buffered 
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saline (PBS) containing 0.05% Tween 20 (Sigma) and 2% (wt/vol) bovine serum 
albumin (PBST-BSA). After being blocked, the filters were placed into a Z()..slot 
miniprotean II multiscreen device (Bio-Rad), and individual sera (diluted 1:200 
in PBST-BSA) were added to independent slots. After 2 h of incubation at 24'C 
with gentle rocking, the blots were washed three times with PBST and incubated 
with peroxidase-conjugated protein L (Sigma) diluted 1:2,500 in PBST-BSA for 
1.5 h. 'The blots were again washed three times with PBST and developed for 
chemiluminescence in SuperSignal detection reagent (Pierce Chemical Co.). 

MAPIA. The MAPIA test was performed as previously described (15) using a 
panel of 12 proteins of M. luberculosis and peroxidase-conjugated protein G 
(Sigma), along with 3,3',5,5'-tetramethyl benzidine (Kirkegaard & Perry Labo­
ratories). The following recombinant antigens Were immobilized on nitrocellu­
lose membranes: ESAT-6 and CFPIO proteins, as well as the hybrids CFP I ()) 
ESAT-6 and AcrllMPB83 produced at the Statens Serum Institut (Copenhagen, 
Denmark); MPB59, MPB64, MPB70, and MPB83 produced at the Veterinary 
Sciences Division (Stormont, United Kingdom); alpha-crystallin (Acrl) and the 
38-kDa protein purchased from Standard Diagnostics (Seoul, South Korea); 
native MPB83 protein supplied by the Veterinary Laboratories Agency (Wcy­
bridge, United Kingdom); and MtbS and Mtb48 proteins and polyepitope fusion 
TBFIO developed by Corixa Corp. (Seattle, WA), as described previously (8). o 
MAPIA results were scored by two independent operators who did not know the ~ 
true infection status of the elephants, with a band of any intensity being read as 	 :::l 

0'a positive reaction. 	 III 
CoElephantTB Stat-Pak assay. The one-step lateral-flow test ElephantTB Stat­ (J) 

Pak (Chembio Diagnostic Systems, Inc., Medford, NY) employed selected M Co 

tuberculosis antigens and a blue latex signal detection system for rapid detection a 
3of antibodies, as previously described (16). The test required 30 >,1 of elephant 

serum or plasma and 3 drops of sample buffer (included in the kit), which were ~. 
added to the device sequentially. 'The results were read visually 20 min later by fJ) 

in 
two independent operators who did not know the true infection status of the 	 3 

(:)
elepbants. Any visible band in the test area, in addition to the control line, was ..a
considered an antibody-positive result, whereas no test band was considered a cr 
negative result. '< 

A
DPP VetTB assay. A new-generation point-of-care test for TB in elephants was o 

developed using Chembio innovative DPP technology. Unlike the ElephantTB C/) 
Z 

Stat-Pak kit, which employcd a conventional lalcral-flow method, the DPP ~ 
VetTB assay has two nitrocellulose strips that are connected in a "T' shape 	 Z 

-;inside the device to allow independent delivery of test sample and antibody­ Z
detecting reagent. The first strip receives a serum sample and buffer solution via r 
the sample well. The diluted sample migrates toward the second strip, containing 

two test lines (MPB83 and CFPlO/ESAT-6 printed as separate bands) and One ~ 


:r:control line. Adding buier to the conjugate well releases dried colloidal gold o 
particles coupled with protein NG and facilitates its migration along the second :r: 
strip to the test area. If antibody is present in the sample, it binds to the Z 

m 

immobilized test antigen, and the gold particles then react with this immune A o
complex, thus making the test band visible. In the absence of detectable antihody, o 
no specific immune complex would be formed on the test line, and therefore, no :::l 

visible band would appear in the test area. The control band would develop, as III 
:s:: 

the gold particles continue migrating along the second strip irrespective of the '< 
_.f>.

presence of antibody, ensuring correct performance of the test. The DPP VetTB 
N 

assay was performed using 5 >,1 ofelephant serum, 2 drops of buffer in the sample 	 o o 
well, and 4 drops of buffer in the conjugate well. The results were read at IS min to 

visually by two independent operators who did not know the true infection status 
of Ihe elephants or by using a DPP optical-reader device measuring renectance 
in relative light units (RLU). Reactivity of CFPlO/ESA T-6 aud/or MPBS3 above 
the cutoff value of 3.0 RLU was considered a positive result for the presence of 
antibody. No measurable reactiVity with either of the two test antigens was taken 
as an antibody-negative result. 

DBS. BloodStain cards (Whatman, Inc., Florham Park, NJ) were used accord­
ing to the manufacturer's protocol to make dried blood spots (DBS) with ele­
phant whole blood, serum, and plasma. Two antibody-positive and two negative 
control samples of each type from the same group of elephants were applied in 
duplicate to BloodStain cards (100 ""I within each circle) and dried in the open 
air for 2 h at room temperature, and then the cards were sealed in plastic bags 
with desiccant and stored at +4°C. One and 5 weeks later, samples were ex­
tracted from the DBS by incubating eaeh circle, cut into several pieces, in 200 >,1 
of PBS overnight at +4'C. The eluted specimens were tested by serologic assays. 
For reference samples, aliquots of the positive and negative sera used for making 
DBS were kept frozen at - 2O"C until they were tested. 

Data analysis. The TB-infected and noninfected groups were used for evalu­
ation of the diagnostic sensitivily and specificity of the serologic assays. '[be 
TB-exposed group was considered only for seroprevalence analysis. The diag­
nostic performance of the serologic assays was evaluated against the gold stan­
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FIG. 1. Immunoblot to M. bovis WCS. Archived serum samples 
from an elephant infected with M. tuberculosis were evaluated for 
reactivity to M. bovis WCS by standard immunoblotting techniques. 
The samples are arranged sequentially, with the serum collection date 
(year) indicated at the top and molecular mass (Kilodaltons) on the 
left. The arrow indicates the time when the culture of M. tuberculosis 
was isolated from trunk wash samples and treatment was initiated. 

dard of M. tuberculosis or M. bovis culture using available software (http://faculty 
,vassar.edullowryNassarStats.btml), The test sensitivity and specificity, as well as 
disease prevalence, were calculated for each assay and are presented with the 
95% confidence interval (CT). 

RESULTS 

Antibody responses in elephant TH. An initial indication 
that elephants can produee robust antibody responses to in­
fection with M tuberculosis was obtained by immunoblotting of 
sera collected over the course of >9 years from an elephant 
diagnosed with TB (Fig. 1). Antibody responses to a crude 
mycobacterial antigen preparation (i.e., M bovis WCS) were 
detected 4 years prior to the isolation of M tuberculosis from 
trunk wash samples. Notable in these responses were (i) a 
complex and progressive pattern of reactivity, (ii) consistency 
in responses to antigens of a distinct mass (e.g., ~24 kDa, 
~32kDa, and ~52 kDA), and (iii) a rapid decrease in reactivity 

. to multiple antigens after initiation of antimycobacterial che­
motherapy. To further analyze these findings, patterns of re­
activity to a panel of recombinant proteins were evaluated by 
MAPIA (Table 2 and Fig. 2) using samples from the TB­
infected and noninfected groups. All 26 of the infected ele­
phants produced detectable serum immunoglobulin G (IgG) 
against one or more M tuberculosis proteins, displaying vari­
able profiles of antibody reactivity (Fig. 2). Among single pro­
teins, ESAT·6 and CFPlO were the most frequently recognized 
molecules (92% and 81%, respectively), followed by MPB83 
(58%) and others (4 to 19%) (Table 2). CFP10/ESAT-6 fusion 
protein was reactive with sera from all 26 infected elephants. 
Samples from all 147 noninfected elephants did not react with 
ESAT-6 or CFPlO alone or with the fusion protein. Sera from 
three of the four elephants with MOTT reacted with MPB83 
(i.e., 2% of the noninfected group), but these sera did not react 
with ESAT-6 or CFPlO antigens. Thus, ESAT-6 and CFP10 
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TABLE 2. Seroreactivity rates of M. tuberculosis proteins in MAPlA 
with serum samples from t'Illlure-confirmed and conlrol elephants 

No. (%) in group: 
Antigen 

TB (n = 26) Control (n = 147) 

ESAT-6 24 (92) 
CFPlO 21 (81) 
MPB83 15 (58) 
Mtb48 5 (19) 
MPTIO 3 (12) 
Acrl 2 (8) 
Mtb8 1 (4) 
38 kDa 1 (4) 
CFPlO/ESAT·6 26 (100) 

0(0) 
0(0) 
3# (2) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 
0(0) 

" In all three cases, antibodies to MPB83 protein were found in elephants with 
MOTT. 

o 
proteins appeared to be predominant and specific serological ~ targets; use of a cocktail or fusion of the two proteins may 0' 

III 
C.provide an accurate antibody test for elephant TB. 
(l) 
c.Diagnostic performance of serologic assays. The diagnostic 

potentials of the ElephantTB Stat-Pak and MAPIA were ini­ if 
3 

tially demonstrated in a proof-of-concept study with a small ~.number of samples (16). Recently, we have developed a novel III 

point-of-care test based on the innovative DPP technology '" 3 
(Fig. 3). Reader device-generated data demonstrated clear-cut cd 

o 
discrimination between the TB-infected and noninfected ele­ C" 

phants using the DPP VetTB assay (Fig. 4). Good agreement 
'< 
;:0; 
o was observed between test results obtained with the El­ z 

ephantTB Stat-Pak, MAPIA, and DPP VetTB test. All 26 
(f)

;;
elephants in the TB group were CFPlO/ESAT-6 antibody pos­ z 

:::titive, thus yielding a sensitivity of 100% (95% CI, 84.0 to z ,.100%) for each serologic test. None of the sera from nonin­
~fected elephants (n 147) reacted with CFPlO/ESAT-6 in (f) 

MAPIA or the DPP VetTB assay, demonstrating a specificity I 
o 

of 100% (95% CI, 96.8 to 100%) for each test. As demon­ I 
m 

strated with MAPIA, sera from three elephants with MOTT z 
were reactive only with MPB83 antigen in the DPP VetTB test; 8 

o 
:::J 

s:: 
III 
'< 
.~

--ESAT-6 N 

-CFPIO 
o 
~ 

Mtb& 

38kDa 

Acrl 

-- MPB7Q 
--MPB83 

--nMPB83 

CFPlO/ESA T-6 
•• FlO 

-- AcrllMPB83 

Mtb48 

2 3 4 5 6 
FIG. 2. Differential antigen reactivity by serum IgG obtained from 

M tuberculosis-positive elephants. The images represent MAPIA strips 
developed with sera from a noninfected elephant (sample 1), an ele­
phant infected with M. szulgai (sample 2), and four elephants infected 
with M tuberculosis (samples 3 to 6). The printed antigens are listed on 
the right. 

http://faculty
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FIG. 3. Antibody detection by DPP VetTB assay. The images represent examples of typical results obtained for elephant TB (A and B), MOTT o 

.adue to M. szulgai (C), or noninfected control (D). Reflectance values in RLU generated by a DPP reader device for the MPB83 test band (gray 
C"

bars) and the CFPlO/ESAT-6 test band (black bars) are shown for each result. The proposed DPP VetTB test interpretation algorithm is shown '< 

on the right. 

however, this antibody reactivity was clearly distinguishable 
from the response to CFPlO/ESAT-6 using the two-line format 
of the DPP VetTB (Fig. 3). The ElephantTB Stat-Pak kit 
showed seven false-positive results in the control group, result­
ing in a specificity of 95.2% (95% CI, 90.1 to 97.9%). Three of 
the seven reactors in the ElephantTB Stat-Pak assay were 
MOTT cases (presumably due to cross-reactivity with MPB83, 
as demonstrated with MAPIA and DPP VetTB), whereas 
three of the remaining four false-positive results were obtained 
with sera from elephants with arthritis. The diagnostic signifi­

120 

100 

<1) 
0 
§ 

80 

t) 
<1) 60 

'+= 
<1) 

~ 40­

20 

;>:; 
o 
z 
(J) 

~ 
Zcance of the latter ohservation remains to he confirmed in -I 

future studies with larger sample numbers. Z 
rThe specificities of the assays were additionally assessed with :;:

sera from four clinically healthy Asian elephants from which (J) 

various species of atypical mycobacteria had been isolated dur­ () 
I 

ing routine trunk wash culture testing. Sampling was per­ I 
m 

formed every 3 to 6 months for each elephant over a period of z 
;>:; 

3 years. Trunk wash and blood specimens were obtained dur­ o 
o 

ing the same week. Overall, 19 trunk wash samples collected :l 

;s: 
Qlfrom the four animals on different occasions were positive for 
'< 
f'> 
N 
o 
o 
<D 

.. 

.
. 
. 
..:. 

0 

Control TB 
FIG. 4. Quantitative detection of serum IgO antibodies by DPP VetTB in culture-confirmed elephants. Reflectance values in RLU generated 

by a DPP reader with a CFPlO/ESAT-6 test band are shown for sera from the 26 elephants with TB (solid circles) and for 100 randomly selected 
noninfected controls (open circles). A cutoff value of 3.0 RLU (dotted line) was established with the control sera as the mean plus 5 standard 
deviations. 
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mycobacteria. Two to seven different mycobacterial species 
were collected from each elephant, including Mycobacterium 
avium complex (n 5), M intracellulare (n 2), Mycobacte­
rium gordonae (n = 2), Mycobacterium fortuitum (n 2), My­
cobacterium abscessus, Mycobacterium asiaticum, Mycobac­
terium chelonae, Mycobacterium flavescens, Mycobacterium 
mucogenicum, Mycobacterium nonchromogenicum, Mycobacte­
rium simiae, and Mycobacterium terrae. The matching 19 serum 
samples collected from the four elephants were tested by El­
ephantTB Stat-Pak, DPP VetTB, and MAPIA. No positive 
result was obtained with any of the sera, demonstrating that 
the presence of atypical mycobactcria in trunk wash specimens 
does not interfere with interpretation of the serologic assays 
for TB. 

Serology versus culture. Banked pre-TB diagnosis sera were 
available for 16 infected elephants, which had becn testcd at 
least annually by trunk wash culture, providing the opportunity 
to retrospcetively determine seroconversion times relative to 
antemortem culture results. Nine of these elephants were first 
diagnosed with TB by positive trunk wash culture. The other 
seven infected elephants were always trunk wash culture neg­
ative yet were eon firmed TB infected by culture at a postmor­
tem examination. In all 16 elephants, antibody responses were 
detected by the three serologic assays prior to culture-based 
diagnoses. Figure 5 demonstrates the times (range, 0.75 to 10 
years; median, -3 years) established between individual sero­
conversions detected by MAPIA and isolations of M tubercu­
losis or M bovis either from trunk wash samples or from tissue 
specimens at necropsy. The remaining 10 elephants in the 
TB-infected group, for which no prediagnosis sera were avail­
able for retrospective analysis, tested strongly seropositive at 
the time the first positive culture was obtained. 

Specific antibody responses in exposed, potentially infected, 
but ttunk wash culture-negative elephants. Of the 63 ele­
phants in the TB-exposed group, sera from 22 animals were 
reactive by the ElephantTB Stat-Pak kit (35%), 10 of which 

I 

! 

I 

1 I 

I 
! 

. 

i 
I 

! 

! 

i 
-5 -4 -3 

" .. 
~ 

",­

I 

Years 
FIG. 5. Seroconvcrsion time to first positive culture. Individual times are shown in years between initial MAPIA-positive samples collccted from 

each elephant with TB and the first positive cultures of M tuberculosis or M. bovis isolated from trunk wash samples (gray bars) or at postmortem 
examination (black bars). 
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'" 3were also positive for CFPlO/ESAT-6 antibody by MAPIA or o 

the DPP VetTB test (16%). The discrepancies between the !Cl 

assays might be partially due to ElephantTB Stat-Pak false­ ~ 
positive reactions, to the ability of the technique to detect o A 

antibodies of all immunoglobulin classes (thus proving poten­ Z 
(f) 

tially more sensitive), or to the fact that some of the exposed ~ elephants had been subjected to antimycobacterial therapy ~ 

that may have prevented shedding and reduced the antibody z.. 
responses to select antigens. Anti-TB treatment is known to 
affect the performance of the serologic assays over time differ­ ~ 

:::c 
ently (16), so that a treated elephant could remain reactive by o

:::c
ElephantTB Stat-Pak but eventually become nonreactive by m z
MAPIA or the DPP VetTB test. A 

Seroprevalence of TB in elephants. With the close correla­
o 
o 

tion found between the presence of circulating CFPlO/ESAT-
::l 

!l': 
6-reactive antibody and TB in elephants, we estimated the III 

'< 
•.f>. 

culture or serology data (Table 3). While the overall estimates o 
N

prevalence of disease in the study population by using either 

o 
were 11.0% and 15.3% by culture or antibody detection, re­ CD 

spectively, a fivefold-higher rate of seropositivity (21.9%, a 
statistically significant increase) was found among Asian ele­
phants than among African elephants. Unlike the Asian ele~ 
phant population, African elephants had no difference be-

TABLE 3. Estimates of TB prevalence in captive elephant 

populations based on culture and serology data 


Prevalence [% (95% CI)] 
Elephant species 

Culture" ESAT-6/CFPIO antibody" 

African 4.4 (1.4--11.5) 4.4 (1.4-11.6) 

Asian 15.1 (9.9-22.1) 21.9 (15.7-29.7) 


Total 11.0 (7.5-15.9) 15.3 (11.0-20.6) 

a Trunk wash and/or postmortem testing. 

b MAPIA and DPP VetTB data. 
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FIG. 6. MAPIA testing of DRS samples. The images represent MAPIA strips developed with serum (A), plasma (B), or whole-blood 
(C) samples eluted from DBS after 1 week (1) or 5 weeks (2) of storage, in comparison with the standard positive and negative sera used for making 
DBS (0). The printed antigens are listed on the right. 

tween TB prevalence estimates based on culture and serology 
(Table 3). Surprisingly, none of the four African elephants 
diagnosed with TB had ever produced a positive culture from 
multiple trunk wash specimens, whereas 15/22 (68%) infected 
Asian elephants were trunk wash culture positive. Therefore, if 
only antemortem culture testing was taken into consideration, 
the prevalence of disease would be greatly underestimated, 
being only 6.4% in total (0% in African elephants and 10.3% 
in Asian elephants). 

Use of DBS specimens. The use of DBS specimens may 
enable collection of samples in remote locales, thereby facili­
tating broader surveillance, including in low-resource settings. 
We performed a DBS feasibility study with serum, plasma, and 
fresh whole blood collected from two M. tuberculosis-positive 
and two noninfected control elephants. Ccllulose-based filter 
kits, BloodStain cards (Whatman, Inc.), originally designed for 
human diagnostic applications (7), were used in this pilot ex­
periment. By comparing the DBS-eluted samples to the stan­
dard negative and positive control sera, it was determined that 
elephant TB-specific antibodies remained stable in DBS for at 
least 5 weeks (Fig. 6). This was demonstrated by ElephantTB 
Stat-Pak, DPP VetTB, and MAPIA. Procedures to produce 
DBS did not cause nonspccific reactions that could potcntially 
result in false-positive results. There was no difference between 
serum, plasma, and whole blood with respect to both quan­
titative. and qualitative eharacteristics of antibody detection 
(Fig. 6). 

DISCUSSION 

Elephant TB is a reemerging zoonotic disease caused pri­
marily by M. tuberculosis (11, 22, 26). The Guidelines for the 
Control of Tuberculosis in Elephants define general principles 
and protocols for testing and treatment (33). Current diagnosis 
relies predominantly on trunk wash cultures, which is increas­
ingly recognized to have serious limitations (11, 16, 25). This 
method, requiring three trunk wash samples collected on dif­
ferent days within 1 week, is labor-intensive, time-consuming, 

and expensive. Both the elephant and the caretaker or veter­
inarian must be well trained to obtain a trunk wash sample of 
acceptable quality. After sample collection, mycobacterial iso­
lation and identification take 8 to 12 weeks, delaying notifica­
tion of results. Increased numbers of trunk wash specimens for 
culture testing are required following a positive serologic assay 
for TB, as now recommended by the new Guidelines for the 
Control of Tuberculosis in Elephants 2008 (4). In the present 
study, only 58% of the elephants with necropsy-confirmed TB 
had positive antemortem cultures from trunk wash specimens. 
This finding does not imply that the remaining 42% of the 
elephants never shed M. tuberculosis, as excreting of the or­
ganism by infected animals is inherently intermittent (3, 25). 
Also, human studies have demonstrated that patients with spu­
tum smear-negative pulmonary TB, commonly considered low­
risk sources of infection, are capable of transmitting the dis­
ease (1, 32). 

Most elephants with active TB display no clinical signs, mak­
ing it even more difficult to suspect disease (22, 25). In fact, 
only 15% of the eulture-positive cases reported in this study 
had TB-suggestive symptoms prior to the time of diagnosis. 
Therefore, rapid and more efficient detection of infected ani­
mals is crucial to improve control of TB in elephants and other 
zoo species, as early diagnosis allows timely initiation of 
chemotherapy and quarantine to prevent transmission. Us­
ing sera serially collected over multiple years from 236 cap­
tive elephants, we evaluated the diagnostic potentials of 
three serologic techniques designed for early and accurate 
identification of elephants infected with M. tuberculosis or 
M. bovis. The ElephantTB Stat-Pak, MAPIA, and the DPP 
VetTB test eorrectly identified all infected animals and pro­
duced no false-negative reactions, thus demonstrating a per­
fect negative predictive value and 100% sensitivity. Impor­
tantly, the new serologic assays appeared to provide 
antemortem testing tools superior to the existing methods. 
Many infected elephants showed specific seroconversion 
years before shedding was detectable by culture of trunk 
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wash samples. Moreover, the serologic assays identified a 
number of elephants with TB (confirmed postmortem) that 
had never been trunk wash culture positive and had no 
clinical signs of disease. The diagnostic test specificities 
were 100% for MAPIA and the DPP VetTB test and -95% 
for the ElephantTB Stat-Pak assay. 

Importantly, the results obtained with samples collected 
from culture-negative elephants that had been in contact with 
known TB cases indicate that serology may be a useful ap­
proach for more efficient surveillance of animals at risk for 
developing disease. Over the course of the present study, three 
TB-exposed elephants in different locations tested positive by 
ElephantTB Stat-Pak and MAPIA (with ESAT-6 antigen), al­
though their trunk wash specimens were repeatedly culture 
negative. After one of these elephants died and other two were 
euthanized as strong suspects, M. tuberculosis strains (identical 
to thqse obtained from the source of infection in each case) 
were isolated from lung lesions collected at necropsy. These 
observations demonstrate the predictive value of highly sensi­
tive antemortem tests for early diagnosis in "at-risk" groups. 
Thus, serology may be used to facilitate change in management 
practices in order to minimize infection risks to other animals, 
exhibition personnel, and the public (11, 27, 31). 

Overall, the diagnostic performance of the DPP VetTB as­
say was equal to that of MAPIA and superior (in specificity) to 
the ElephantTB Stat-Pak kit. With the antigens studied, spe­
cific elephant TB serodiagnosis was closely associated with the 
presence of antibodies to the ESAT-6 and CFPlO proteins of 
M. tuberculosis. The predominant serologic recognition of 
ESAT-6 has been reportcd for nonhuman primates infected 
with M. tuberculosis or M. bovis (2, 18), but not for other host 
species (5, 6, 12, 13, 14, 17, 19, 34-36). In contrast, several 
ElephantTB Stat-Pak false-positive results found in MOTT 
cases were due to the cross-reactive antibody responses against 
MPB83 protein, but not ESAT-6 or CFPlO. Previous studies 
also demonstrated MPB83 seroreactivity in elephants infected 
with M. szulgai (9) or in cattle experimentally inoculated with 
Mycobacterium kansasii (37). Having this protein as a separate 
band in MAPIA or the DPP VetTB test appears to allow 
serological differentiation between elephant TB (antibodies 
against ESAT-6 and/or CFPlO, alone or among others) and 
MOTT (anti-MPB83 antibody only) infections. Therefore, sim­
ilar to MAPIA (16), the DPP VetTB assay can also be used 
under field conditions, if needed, as a faster and more conve­
nient animal-side confirmatory tool for elephant TB. 

The serologic assays performed well with blood specimens 
recovered from DBS, suggesting a useful sampling alternative 
for peripheral areas (c.g., field applications in Africa, South­
east Asia, etc.), where short-term storage or transportation of 
blood samples to a remote testing laboratory may be needed. 
This approach has been successfully utilized for serological 
surveillance of human viral infections in resource-limited 
countries (7, 29). For elephant-testing applications, a more 
extensive DBS validation with greater numbers of well-char­
acterized samples will be required. 

The high accuracy of elephant TB serodiagnosis was rather 
unexpected. Using similar immunoassays, we and others have 
reported much lower rates of TB detection in other species (5, 
12, 17, 18, 34-36). The antibody test sensitivities ranged from 
45% in brushtail possums, 49 to 51 % in Eurasian badgers, or 
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73 to 75% in cervids to 77% in wild boar (3, 19), but they were 
never as high as the 100% found for the 26 infected elephants 
in the present study. This striking feature may stem from the 
complex biology of host-pathogen interactions, with variability 
in the immune responses between species. While the idea is 
only speculative, elephants normally have levels of peripheral 
blood monocytcs significantly higher than those of ungulates, 
often in the range of 25 to 42% of circulating leukocytes (21, 
23,30), which may impact their immunity. The specific mech­
anisms for unusually robust antibody responses to TB in ele­
phants remain unclear. 

Despite their higher diagnostic potential, antibody assays are 
unlikely to replace culture methods in elephant testing. Isola­
tion of mycobacteria from infected animals will always be use­
ful to confirm the diagnosis, identify the strain (especially use­
ful for molecular epidemiology studies), and generate drug 
susceptibility data (22). However, the management and control 
of TB in captive elephants and other nondomestic species will 
greatly benefit from early and rapid serodiagnosis. The cost of 
delayed diagnosis may be extremely high (16). Furthermore, 
undetected elephant TB may pose a serious zoonotic threat, 
with infection spillover from captive animals to free-ranging 
wildlifc. This possibility is supported by findings of identical M. 
tuberculosis strains isolated from an infected elephant and an 
Addra gazelle housed in one facility (our unpublished obser­
vations) or from a group of elephants with TB and other 
species in the same zoo, including gibbon, tapir, and giraffe 
(11). Thus, timely recognition of disease followed by immedi­
ate and adequate interventions wiIllikely prevent the spread of 
infection. 

In conclusion, many African and Asian elephants with cul­
ture-confirmed TB produce robust antibody responses years 
before M. tuberculosis or M. bovis can be isolated from trunk 
wash samples. The serologic assays described in the present 
study have high diagnostic value for earlier detection of dis­
ease. The rapid and accurate identification of infected ele­
phants will likely improve zoo TB control programs and allow 
more efficient treatment, thus limiting the transmission of in­
fection to other susceptible animals and to humans. 
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