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Tuberculosis in Elephants: Science, Myth, and Beyond
APHIS Center for Animal Welfare
Kansas City, MO April 5-6 2011

James Higgins, Mycobacteria and Brucella Section, National
Veterinary Services Laboratories
APHIS / USDA
Ames, |IA

'S

Veterinary Services

[ — Safeguarding Animal Health



. o
USDA

‘One Health’: APHIS Veterinary
Services 2015 initiative

PGy , ,
TThrs . usns  Safeguarding Animal Health



. o
USDA

Two major genotyping methods are currently
used by mycobacteria laboratories world-wide:

* Spoligotyping (‘medium’ resolution)

* Variable number tandem repeat (VNTR)

analysis also referred to as ‘mycobacterial
interspersed repetitive units’ (MIRU), or ‘multiple locus

variable number tandem repeat analysis’ (MLVA) (‘high’
resolution)
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Spoligotyping (‘spacer oligonucleotide typing’)

HiTHy
BCG

19 2225 2425 2627 % B 3031 B0 B

Figure 1: Structure of the DR locus in the genome of M. tuberculosis H37Rv and M. bovis BCG P3
strain. The green rectangle depicts 36 bp Direct Repeats({DR).

« Exploits the presence of a direct repeat (DR) region in the genome of
Mycobacterium tuberculosis and M. bovis

« This region contains varying numbers of 36 base pair direct repeats and
intervening ‘spacer’ sequences

« The mutation rate for a spoligotype locus is ~ 0.1 — 0.01 per year (Reyes & Tanaka 2010)

« Spoligotyping detects these spacer sequences via reverse line blot hybridization
V5 assay
Veterinary Services

. O
AR e =

s BN
APHIS » USDA

Safeguarding Animal Health



USDA
LOL

Spoligotyping (‘spacer oligonucleotide typing’)

PCR is used to amplify the DR
region

PCR products are applied to a
membrane containing bound
oligonucleotides representing the
spacer sequences

PCR products bound to the oligos on
the membrane are visualized by a
chemiluminescent reaction

CDC contract labs now use
Luminex® bead-based protocol (no
longer membrane-based)
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Blotin-labaled sample PCH
products hybridized against bound Results analyzed
SPACErs SEQUENCES,

Fig. 1. Basls of the spoligotyping methodology. (a) A spoligotyping membrane, Dashed lines Indicate the location of the
bound polymorphic oligonucleoticdes, one corresponding to each of the 43 unique spacer sequences utilized in the assay.
(b} The hybridization of the amplified samples (black bars) against each of the bound oligonulectides. (c) The excess and
nonspecifically bound sample Is removed through a seres of washes, and the remaining bound PCR products from the
aampla are detectad, (d) A representation of the final results.



Spoligotyping (‘spacer oligonucleotide typing’) LSDA
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Octal Codae
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Binary Reprasantation ?;i i

[ 111111111111111111200111111111 1100001 111111 | 1?:!.:3

Braak binary to groups of 3 l 111=7
(excapt for spacer 43) Spacer 43

| 111-1114-114-491-011-111-100-111-111-111-110-000-111-111-1 | ?=‘:

TFT777F747T77680771
Octal Code representation of spoligotype pattern

Fig. 2. Conversion of a raw spoligotype results to octal code representation ¢5). The raw hybridization pattern is
converted to a binary representation using 1 (Indicating hybridization detectad) and 0% (no hybridization detectad),
The binary string |s separated into 14 groups of three, with spacer 43 remaining ungrouped. Each binary triplet is con-
varted to the appropriate octal code designation (shown). The 15th digit of the octal (s either 1 or 0 depending solely on
the result for spacer 43,

« Conversion of banding patterns to a binary code simplifies spoligo profile

V5__«  Conversion of binary code to octal code simplifies still further and permits ready

Veterinary Services . . .
comparison via online databases
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Spoligotyping (‘spacer oligonucleotide typing’)

Spoligotyping

ID_No. Octal Code

] § o023412cc23 000000000003771

SRR BRREENd TR L B8 BRE 990574 037637607760731
pRERil RRRnRnd piinnnn B8 BRR 992392 037637607760731
BRERIYE RRRERRD faRiaaEm Bi0 BRR 992395 037637607760731

. Illil II :-.I-I -11 U EU 1

Example of spoligotyping profiles generated for 7 M. tuberculosis isolates
using the BioNumerics software package
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Mycobacterial interspersed repetitive units (MIRU) &
Variable Number Tandem Repeat (VNTR) analyses

NC_000962.2 (4,411,532 bases) i
= | 19 cenience Laﬁet Origin | *§ Views & Took - ® Markers || Search
1 00K 400K GOOK  BODE 1 200K 1400K 100K  f300K  2M 2200E 2&* ZE00K 300K 3N 200K 400K E00K  RE00K 4 M 411,532

e Exploits the presence of repeats regions in the genome of M. tuberculosis

e The genome contains large numbers of these repeats

e Mutation rate of a given VNTR / MIRU locus is ~ 1073 per year (Reyes and Tanaka 2010)

e Some of these repeats display variability among strains within a species

e Accordingly, variability in repeat numbers between strains can be a genotyping tool

e ‘simple’ and straightforward as opposed to spoligotyping
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‘close up’ view of a VNTR / MIRU repeat region from the genome
of M. tuberculosis strain H37Rv: locus 4052, known as ‘QUB 26’

Locus 4052
»gi|57116681:4052801-4053708 Mycobacterium tuberculosis H37Rv, complete genome

Green highlighted sequences are forward and reverse primers

TCGCTGAAGTAAAAGAACGALC CF&GCCGAG CAG CAC CACGACGGCGATCGCTGTTATGGTGCGAGTCACGTTTTTCCGGTTCAT
GECCAG CACGCAGCTGGAAAGTCCAGGTTACCGCTCGTGGLGATCGCAAACCT
GGCGGAGCCGGEGETGCAGCGGETCGLCACCATCAGCCCCGTGGLGATCGEAAACCCCGUGLCTGELGACAATGCGGLCCECA

AAACGGGCCCAGGAGGAGCCAGGCAATCACCCCAGAGCCGEETGLAGCGGGETCGCCACCATCAGCCCCETGGCGATCGCAA

i g A

A GG CTOECCACAAT GGG G AN A GG CGAGGGAGGAGC CAGGCAAT CACCCCAGAGCCEGGTGCAGCEGGE
o

g g - a P

T A AT A T AT R A& A s e e T e e A e
CECCACCATCAGCCCCETGGLGATCGCAAACCCOGUGLCTEGCGACAATGLGGLCCGCAAAACGGGLCCGAGGAGGAGCCA

A P e e e T e

GGL_,L,L,GLH-‘-U—'-.HLGGGLLGHGGHGGHGLLHGGLHHTLHLCLL AGAGCCGGETGCAGCGLGTCGCCACCATCAGCCCCGTGGEL

ACACGCGGETGCACCGGACCTGATTTGGCTCGAATTGGTGLGCACCGAGGGTCGGG CACATCG CTCC GGTCG CATGTGTCACT
GCACCGGGLG

Repeat region (111 bp long):
GAGCCGGGTGCAGCGGGTCGCCACCATCAGCCCCGTGGCGATCGCAAACCCCGCGLCTGGCGACA
ATGCGGCCCGCAAAACGGGCCGAGGAGGAGCCAGGCAATCACCCCA

Copy number: 5.2
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Historically, the mycobacterial research community has used nested

sets of 12, 15, or 24 different loci for MIRU / VNTR analyses...

....we at the MB Section at the NVSL use a set of 11 loci (highlighted in yellow) derived
from the ‘Master List’ of 24

MIRU-VNTR Loci Set

Use MIRU-VNTR Loci Set: | 24 + 'ﬂ'
Composition of the different MIRU-VNTR sets:
loci Alias1 Alias2 24 15 12 Loci Alias1 Alias2 24 15 12
154 MIRUO2 X X 2401 | Mtub30 X X
424 | Mtub04 X X 2461 | ETRB X
577 | ETRC X X 2531 MIRU23 X X
S80 MIRLUO4 ETRD X X X 2687 MIRUZ4 X X
802 MIRU40 X X X 2996 | MIRU26 X X X
960 MIRU10 X X X 3007 MIRU2Z7 QUBS X X
1644 | MIRU16 X X X 3171 Mtub34 X
1055 | Mtub21 X X 3192 ETRE X X X
2059 MIRU20 X X 3600 Mtub39 X X
2163b QUB11b X X 4052 X X
2165 X X 4156 QUB4156 X X
2347 Mtub29 X 4348 MIRU39 X X
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MIRU / VNTR assay logistics

« [Each strain / isolate of M tuberculosis is queried for the presence of
11 different MIRU / VNTR loci

* Use a multiplex PCR assay that covers each locus 2X — 3X

 PCR products are separated by capillary electrophoresis using an
ABI 3500 sequencing instrument

 The PCR products sizes, and calculation of repeats per locus, are
done using GeneMapper® software

* BioNumerics® software is used to compare VNTR profiles among
cohorts / sets of M. tuberculosis
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MIRU / VNTR assay data

VNTR

. 3 8 = = = = 5 2 o

g [T [n] o — 3 3 [Ta] = — %

[ | = -— - [ | [ | [ | [ | [’ [ ]

[0 [wa e [ e [0 e [0 [0 [0 [0

= = = = = = = = = = =

€ £ £ & £ £ £ £ £ £ £ |DNo.
1 4 3 2 2 2 2 1 g 3 £ 95-0070s
1 4 3 2 2 2 2 1 g 3 F 99-0212a
2 4 2 2 2 2 2 1 & 3 5 972778
2 4 2 2 2 2 2 1 g 3 F 97-2059
2 4 2 2 2 2 2 1 g 3 F 97-2081

Example of VNTR profiles generated for 5 M. tuberculosis isolates using
the BioNumerics software package
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Genotyping of M. tuberculosis from
elephants

 As of March 2011, 48 entries from 33 different
elephants

« Samples acquired from 1997 — present

* Trunk wash and tissue sample-derived isolates

« 11 states represented
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™ spoligotyping TB No. Owner Code Animal ID_Code Spoligo octal code

"""“ 08-6843 G 1 000000007760771

e | 00-3946 I 1 037637607760731
lllllll TN llllllll 99-0574 FRFB a4 037637607760731
PO DR R N 99-2392 EREB 44 037637607760731
el 00-1108 FRFB s57 407777777760771
1) oo-2479 FRFB 77 407777777760771

! 00-2759 FRFB 77-2 407777777760771

99-4445 FRFB 77 Jr #2 407777777760771

' ”".qummw l..’ 99-4449 FRFB S5 407777777760771
m . ] | | l 00-3206 FRFB 6 A77777777760731
NIRRT T fH 99-3867 RFRB 6 A47TT77777760731
| 00-4141 I 1 664073777777600

08-6520 4 100227 773603777760771

10-7449 BBR 2-2 776377057760771

10-7450 BBR 2:22 776377057760771

97-1413 A 5 776377777760771

96-3895 A 202 776377777760771

96-3927 A 1004 776377777760771

02-6503 A 19 776377777760771

951324 A 18 776377777760771

97-0352 A 5 776377777760771

08-5478 G 20 776377777760771

10-3657 T J 776377777760771

09-5638 sJ 21 776377777760771

05-3549 sJ 5 776377777760771

07-0665 sJ J05 776377777760771

05-1484 SJ 5 776377777760771

11-0296 sJ 101 776377777760771

11-2687 T 7 776377777760771

ol 05-4400 GPZ 8 777774077560731

| | . " 1] I I 10-8492 Sch 9 777776777760771
PPN I ) 98-1589 FRFB 10 777777607760771
|||| [TTLRRR LR LELER L LA L I |11 01-1905 GGC 11 777777777740371
" ull lmmmm u 111 021430 GGC 12 TTTTTTITTT40371

1] I o02-3412 cc218 ZGR 13 777777777740371
. “. I os-2853 SER 17 TITITTTTT760771

mllllllllmmlllllllllllIlll iy o7-2778 c 16 777777777760771

PPN i 97-3059 D 15 77TTTTITT760771

PO 1 97-3061 D 14 7777777760771

01-0082 H 808 777777777760771

Ny 00-3703 H 808 TTTTTTTTTT60771

PR 1 99-0070 FRFB 55 X6456 77777T7777760771

K mlllllllllll PR I 99-0213 FRFB 55 65611 777777777760771

L '! WO 1) o7-7426 McG 808 7TTTITTTTT60771

Veterinary Services I'll'“'"" W““' "'"“ 07-7120 HAM 202 7777777776077
D e B% (M| ]] || 11-2528 SWAP 99 776377774020771
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M. tuberculosis isolates from elephants with histories of sharing a
Circus / Zoo / Sanctuary display similar spoligotypes

Owner Code  Animal Code Spoligotype
i A 3 TTEATTTTTTE0TT!

A 202 . TTBITTTTTTE07T

A 1004 . TT83TTTTTTE0TT

A 13 . TTBATTTITIENTT

NI i A 18 TT8ITTTTTTE0TTY

”"I““ TR A 3 TTI63TTTTT7E07TA

i || G 20 T7637777T780771

1H1] il J TTETTTTTTENTTA

A . " 5 21 77837TTT7780771

1L ""IIIII UL 411 3 3 TTEITTTTTTE0TT
l |"“ {1111 "I"l‘ 5 105 TTEITTTTITTENTT
LU T TR | R L i 5 3 TTRATTTTTTENTTA
|| || ‘ | i llllll“ HILE 5 101 T78ITTTTTTEOTTA
l ‘ 'l “ HIg I T 7 T7BATTTTTTEOTTY
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¥ Web Page of the SITVIT database - Windows Internet Explorer
@ ea pasteur-guadeloupe. fr | | [+ | X -" SpolDB4 L2~

File Edit View Favorites Tools Help

© 9 Favorites  © S @] Free Hotmail
¥

[] Wb Page of the SITVIT database I 5 | p=h v Page - Safety - Toos - (@~

[ Dambasemainpage ]| Querytools -] Drawmap JlJ|___ Spoligotype conversion tools  ]|-]| Submitdats ]| InstitutPasteur -] Publications ][-]| Contacts ]-] _Listof contributors ||
Welcome to SITVIT

SITVIT is a Mycobacterium tuberculosis molecular markers database. It contains two major types of melecular markers: Spoligotypes and VNTR-MIRU markers. Spoligotypes are patterns formed by the presence or
absence of 43 spacers in the DR locus of Mycobacterium tuberculosis. This pattern can be seen as a 43 digit pattern or under a reduced octal form of only 15 numbers. MIRTU markers (Mycobacterial interspersed repetitive
utiits) are variable rumber of tandem repeats markers. The MIRU method corrently used on Mycobacterium tuberculesis is composed of 12 different MIRU loci. A mirotype is a 12 digits pattern representing the number of
repetitions of each of these 12 specific loci. The databaze actually contains 39609 entries from 121 isolation countries This web page provides tools for database queries as well as conversion tools in erder to convert
binary and ectal values of spoligotypes.

Please choose one of the following links :

Database query tools ‘

Spoligotype conversion tools ‘

Draw geographical map for display of genotypes ‘

Submit your data to the SITVIT database ‘

Conception : Benjamin LIENS

‘Webmaster : Christophe DEMAY, Thomss BURGUIERE, David COUVIN

Date = 2 Mar 2011 20:21:14 GMT
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Spoligotype information: the MIRU-VNTRplus website for

G- =

File

me Page - Windows Internet Explorer
miru-vntrplus.org
Edit  Wiew

Favorites
fj Fawvaorites

Toaols

Help
. 9= & | Free Hotmail

E MIRU-VMNTRplus - Home Page

| MIRU-VINTRplus
Mavigate Database Edit Opticns Tools Help
i Home Welcome to the MIRU-VNTRplus web application!
- _
Identification
by Similarity

—
= |

Search

You have uploaded = user strains.
Nomenclature

Use the ™ Home-butten to return te this page at any time, or select "Heme" frem the Mavigate-menu.
Select one of the commands below te work with the database:

Enter a single user strain el | IMport multiple strains from =y,
file ar clipboard -1 "
- - e E—
Background Remowe all user strains | | Browse user strains £
Policy
Download user strains as F
Help M5 Excel File b
About us . .
Identfy yvour strains
Contact us

Imprint

Identification by
similarity search

Browse user strains

Identification by a
_| | phwlogenetic tree
.
and reference strains | ;i

Set Distance Measure
SR .

Da
Catagorica 117, Spgligg: DS
Analvze vour strains, without nsing reference database
Map country of 'Fg'
isalation s
Veterinary Services
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spanning tree
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Comparison with Reference strains: isolate No.
162337 CC217 (2002), owner 'ZGR’,

MLVA  SpolDB4

Distance ID Species Lineage MthC15-9 o7 Spoligo pattern RDI?: ::::xlg
162337 M. tuberculosis(v -2 1

0.0  3256/02 M. tuberculosis  Beijing 94-32 1 T T T T T T T T NN Fact Asian

0.0  3277/02 M. tuberculosis  Beiing 94-32 1 T IT T T T T T T T T T NN Foct Asian

0.0  3364/02 M. tuberculosis  Beijing 94-32 1 T T T T T T T T NN Fact Asian

0.0  3309/02 M. tuberculosis  Bening 94-33 1 O T T T LTI T NN ot Asian

0.0  4445/02 M. tuberculosis  Beljing 95-34 1 T IT T TT T TTT T T T NN Fact Asian
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Comparison with Reference strains: isolate No.
36240 (2000), owner ‘FRFB’,

MLVA User User User

Distance  ID Species Lineage ch;:lﬁ— n;;ta Dazta Di;ta SP“S'EM spoligo pattern “DE:::::“Is
36240 7-7 787 NI NEEEEENNEENNNNNNENEEEENNNNNEN || SN

0.0465 2173/99 M. tuberculosis Ugandal 31-15 52 NENEEENNNNENNNNNNNNNNNNNNENEENEN [ NN EEE £ro-American

0.0465 2111/99 M. tuberculosis Ugandal 32-15 52 WENEENNNNNENNNNNNNNNNNNNNNNNENEN [ WEN EEN [r0-American

0.0465 2263/99 M. tuberculosis Ugandal 33-15 52 WENEENNNNNENNNNNENNNNNNNNNNNENEN [ WEN WEN [r0-American

0.0698 2319/99 M. tuberculosis Ugandall 26-13 135 NENNENNENNNNNNNENNNNNNNNNNNNENEN [ WNN EE £ r0- American

0.0698 2307/99 M. tuberculosis Ugandall 28-14 135 NENNENNENENNNNNENNNNNNNNNNNNENEN [ WEN EE Fr0-American
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Spoligotype information: matching elephant strains with reference strains
of Mycobacterium tuberculosis using national / international databases

Accession Number

162337
45767
15650
36240

560783

10-029062

11-002174
6628

365261

10-038510
16164
89121
70967
562603
V5
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Octal code

000000000003771

037637607760731

407777777760771

477777777760731

773603777760771

7176377057760771

776377774020771

176377777760771

777774077560731

T7T7776777760771

T77777607760771

TTTTTTTTTT740371

TTTTTTTTTT60771

000000007760771

Safeguarding Animal Health

CDC Spoligo database Family/ No. of isolates in SITVIT / SpolDB4
Lineage CDC database Database shared-type
sharing this number (SIT)*
spoligo
East Asian (Beijing) 7845 International Type 1
EuroAmerican LAM 3 no match
EuroAmerican 11 International Type 411
EuroAmerican 4 International Type 783
EuroAmerican 0 no match
EuroAmerican S 0 no match
EurOAmericzggzttSr:sand Haarlem 0 International Type 383
EuroAmerican S 557 International Type 34
EuroAmerican 32 Internaltlgggl Type
EuroAmerican X 2945 International Type 119
EuroAmerican LAM 1947 International Type 42
EuroAmerican 11 International Type 519
EuroAmerican 4751 International Type 53
Latin American - Mediterranean 183 International Type 4

CDC data courtesy of Lauren Cowan
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Genotyping of M. tuberculosis from
elephants: spoligotyping results

* Fourteen different spoligotypes represented

* Three spoligotypes have no match with
International Type strains (?)

« 11 spoligotypes represented in CDC in-house
reference database

« Spoligotypes are representative of common
lineages (Beijing, EuroAmerican, LAM)
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VNTR analysis: UPGMA
dendrogram of profiles
for selected

elephant isolates

Color coding = shared spoligotype
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“UNTR

40

VNTR
§ I EE S E g & 3 B
S © &9 4 8§ & & & & » %
EEEEEEZEEEEE
g 8 85 £ g £ g g g g g g ¢
4_# 1 4 3 2 2 2 2 1 5 3 5
1 4 3 2 2 2 2 1 5 3 5
2 4 2 2 2 2 2 1 5 3 5
2 4 2 2 2 2 2 1 5 3 5
— 2 4 2 2 2 2 2 1 5 3 5
2 4 2 2 2 2 1 5 3 5
— 2 4 3 2 3 2 2 1 5 3 5
2 4 3 2 3 2 2 1 5 3 5
2 4 3 2 3 2 2 1 5 3 5
2 4 3 2 3 2 2 1 5 3 5
= -1 2 4 3 2 3 2 2 1 5 3 5
2 4 3 2 3 2 2 1 5 3 5
1 5 3 3 3 2 2 1 5 3 5
15 3 3 3 2 2 1 5 3 5
. 15 38 3 3 2 2 1 5 3 5
1 5 3 3 3 2 2 1 5 3 5
2 4 3 2 3 2 1 1 4 3 6
2 4 3 2 3 2 1 1 4 3 6
44—~4{: 2 4 3 2 3 2 1 1 4 3 6
2 4 3 2 3 2 1 1 4 3 3
4_{ 3 4 3 1 4 2 2 1 5 3 5
3 4 3 1 4 2 2 1 5 3 5
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
| 3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 6 3 9
3 4 3 1 4 2 2 1 4 3 10
2 4 3 1 4 2 2 1 4 3 9
2 4 3 1 4 2 2 1 4 3 9
2 4 3 1 4 2 2 1 4 1 9
4 4 3 1 4 2 2 1 5 2 5
4 4 3 1 4 2 2 1 5 2 5
3 4 2 4 2 1 2 1 5 2 7
5 4 2 3 2 1 1 1 4 3 7
0 3 3 5 3 4 2 1 6 4 6
4 3 3 4 3 4 2 1 5 2 8
2 3 2 3 3 4 2 1 5 410

TB No. Owner Code __Animal Code
99-0070 FRFB 55 X6456
99-0213 FRFB 55 65611
97-2778 c 77
97-3059 D 15
97-3061 D 14
98-2853 SER 17
00-1108 FRFB S57
00-2479 FRFB 77
00-2759 FRFB 77-2

[ 07-7120 HAM 202
99-4445 FRFB 77 #2
99-4449 FRFB S5

[ 00-3946 I 1

[ 990574 FRFB a4

I 99-2392 FRFB 44

I 99-2395 FRFB 44
02-1430 GGC 12
02-3412 CC218 ZGR 13

[ 02-3412 cc233 ZGR 13
01-1905 GGC 11

Il 10-7449 BBR 22

B 10-7450 BBR 2-22
02-6503 A 20
05-1484 SJ 5
05-3549 SJ 5
07-0665 SJ J05
08-5478 G 20
09-5638 SJ 21
10-3657 T J
95-1324 A 18
96-3895 A J
96-3927 A 1004
97-0352 A 5
97-1413 A 5
11-0296 SJ 101
11-2687 T 7

M 003703 H 808
07-7426 McG 808
01-0082 H 808 9/20/00
00-3206 FRFB 6
99-3867 FRFB 6
05-4400 GPZ 8
98-1589 FRFB 10
08-6520 PZ 100227
10-8492 Sch 9

W o SWAP 99

USDA
LOL
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Comparison with Reference strains: isolates No. 02-2450 and 11-002174 from
elephant ‘99’, owner ‘SWAP’

VNTR
Spoligotyping INIBLESITBRS D
3893333839
rrroroeorr oo
EEEEEEEEEEE
zZzzzzzzzzzz
SSSSsSss5ss5ss5s5sS
e e 5 4 2 14 2 115 3 1 02-2450 000000007760771 99
W TR W > 3 > 3 3 4 2 1 5 410 11-2528 776377774020771 99 Asian, female
MLVA :
Distance  ID Species Lineage MtbC15 5’"‘5'1':_'“4 Spoligo pattern Rng:g:::’"’
_og
02-2450 M. tuberculosis(m] ?-7 4

0.0233 2224/99 M. tuberculosis Ugandal 34-16 125
0.1395 12637/02 M. tuberculosis Haarlem 90-31 2
0.1395 2103/02 M. tuberculosis Haarlem 91-31 2

Euro-American

Euroc-American

Euro-American

MLV A

Distance 1D Species Lineage MthC15- 5“5?34 Spoligo pattern RD&':&:::"IS
9
11-002174 7-? 383
0.0465 3686/03 tuberculosis Haarlem 92-15 47 Euro-American
0.0465 8750/03 tuberculosis Haarlem 93-15 47 Euro-American

0.1163 4217/02 tuberculosis Haarlem 84-28 1586
0.1163 6945/03 tuberculosis Haarlem 84-28 15865
0.1162 8577/03 M. tuberculosis URAL 163-15 262

Euro-American

== ==

Euro-American
Euro-American

Evidence of infection with two different strains of M. tuberculosis in ~ 8 years ?
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One elephant (‘1’) from Southeastern region, 2000, remains
the only elephant from which both M. tuberculosis and M.
bovis were recovered

Spoligotyping VNTR
< N~ < n Lo — — © [Te) o ol
r rr @ ¥ ¥ ¥ ¥ ¥ ¥ x
E E E E E E E E E E E
£ £ £ £ £ £ £ £ £ £ £ AccNo. Owner Code ID Octal Code
15 33 3 2 2 1 5 3 5 00-3946 | 1 037637607760731
l 25235 45 25 3 4 004141 | 1 664073777777600
The VNTR and spoligotype for — 2 5 2 1 & &4 5 2 & 3 & CA Cattle
this elephant’s M. bovis isolate — 2 3 2 3 5 4 5 2 5 3 4 WX Cattle

A ; ; ; 7 2 & 2 3 5 4 B 2 & 2 4 Elephant
are similar / identical to five - - -

. . 2 § 2 2 &5 &4 & 2 & 3 a4 TX Cattle
other isolates in the 2 s 2 o3 e £ 5 2 & 3 & TX Catiie
database... 2 § 2 2 &5 &4 & 2 & 3 a4 TX Cattle

2 § 2 3 § &4 &5 2z & 3 & M Human
% > E ped 3 F 4 E > E 1 4 ML Cattle - unk
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One elephant (‘000’) from a Mid-Atlantic zoo, 2000, is the other
entry in the NVSL database from which M. bovis was recovered

Spoligotyping VNTR
< ~ < n N 4 4 © 1 o
N N ¥ 1 © O O 00 O O W
g B O© 0O d I 9 © oo d O
O O =« =« N N N N N O <
EEEEEEEEEEE
zzzzzz z 2z z z z IBNo Epidemiology Octal Code Animal ID
SsS555555555
[T T ][] 2 5 43 2 4 2 2 5 3 5 005477 pos LN at necropsy 616773777777600 000 African Elep.
O (1R H H 1] 00-5478 616773777777600 oo
“ l ' '"' 2 5 4 35 4 2 2 5 3 5 005480 pos LN at necropsy 616773777777600 000

The spoligotype and VNTR profiles of this isolate of M. bovis remain unique (no match with >1550 isolates
in the NVSL database)

2 4 3 3 5 4 2 2 Baboons B02773TTTTETE00
2 4 3 3 5 4 2 2 Baboons

2 4 3 3 5 4 2 2 Baboons B02773777I67600
2 5 4 3 2 4 2 2 L Elephant pos LN at necropsy G16TF3IFITII7600
2 5 4 3 5 4 2 2 p Elephant pos LN at necropsy B16TF3IFITFI7600
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Genotyping of M. tuberculosis from
elephants: VNTR results

« 17 different VNTR profiles represented

* In general, partitioning by spoligo matched that of the
VNTR profiles for isolates (i.e., good agreement with the
two different genotyping methods)

* [In the process of generating ‘standardized’ VNTR 15
data for all elephant isolates]

_5___
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Breaking development: M. tuberculosis isolate from a trunk wash
from a 39 year-old Asian elephant from a zoo located in the Mid-
West: March 22 - 28, 2011

List of clinical isolates :

e SITVIT database finds one match, a clinical isolate from
New York City, with no Shared Type designation (i.e., an
‘orphan’).

e NYC patient not US-born, had extrapulmonary TB
(pyraZ|nam|de rES|Stant) (courtesy Dr B. Perri, NYC Dept Health and Mental Hygiene)
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M. tuberculosis isolate from a trunk wash from a 39 year-old
Asian elephant from a zoo located in the Mid-West: March 22,
2011

Country of SpolDBE4 SpolDB4 A RD Gagneux's

Distance 1D Species Lineage Isolation ST Lineage Lineage

11-02755 M. tuberculosisim) USA EEEEEENEEESEE ENNEEENEEENEEEE E EEEEE

0.0233 6006/03 M. tuberculosis EAI Germany 138 EAIS EEEENEEENEEENEEENEEENEEENEER H EEEEE Indo-0Oceanic

0.1163 11051/03 M. tuberculosis EAI Germany 236 EAIS ENNENEEEENEEEEEEENEENEEEEEEE N NEENNEEEE [do-Oceanic
0.1395 7190/03 M. tuberculosis EAI Germany 591 EAIG_BGD] SENNSNSENSSSSNSNNSENEEN mmEmEm N EENENEEEE [do-Oceanic

0.1395 778, tuberculosis EAI Germany 152 EAIS EEEENNEEEEENENNEEEEENENEER N N NNNNNEEEE [ do- Oceanic

V], tuberculosis EAI Germany 1628 EAIE EEEEEEEEE EEEEEEEEEEEEEEE B EEENENNEE [ do-COceanic

For spoligotype, the MIRU-VNTRplus database has no match,
‘nearest neighbors’ are isolates from Germany, SpolDB4
shared type 138, lineage EAI5 (East African - Indian)
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M. tuberculosis isolate from a trunk wash from a 39 year-old
Asian elephant from a zoo located in the Mid-West: March 22,
2011

EAL (6006,/03)

EAl (8267 01)

EAl (8915 03)

For VNTR-15, the MIRU-VNTRplus database has no exact
match for the elephant isolate profile...... again, nearest
neighbor is lineage EAIS
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Summary:. Genotyping data

« Elephant isolates predominantly represented by EuroAmerican
spoligo lineage of M. tuberculosis

e Successive isolates from the same elephant tend to have matching
genotypes (recrudescence Vs newly acquired infections)

» Elephant ‘99’ appears to have harbored two different strains of M.
tuberculosis in 2002 and 2011

* Elephants with histories of shared exposures tend to harbor M.
tuberculosis with similar genotypes

 Some M. tuberculosis strains recovered from elephants may

represent rare or novel Iineages
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Veterinary Services

. @ .
T AN . ,
TThrs . usns  Safeguarding Animal Health




. o
USDA

Future endeavors

« Subject all elephant isolates to analysis with ‘universal’ VNTR-15 set

* Use VNTR-15 data to further refine relationships with reference M.
tuberculosis strains / lineages and support ‘One Health’
Investigations into human disease risk

* Query elephant isolates for TbD1 element (‘modern’ Vs ‘ancestral’)

« Screen elephant isolates for antibiotic resistance

* In-depth sequencing of elephant isolates ?
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Mycobacteria and Brucella Section specimen processing team (left to
right): D. A. Hebeisen and H. Wilson (ISU students), A. Martindale, J.
Case, J. Gerding, P. Dykema, and J. Fevold
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Mycobacteria and Brucella Section molecular biology
team: D. Farrell, T. Stuber, J. Higgins, P. Camp
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