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Abstract

Adult, mixed-breed dairy goats were screened for
paratuberculosis antibodjes ‘using ELISA and AGID
methods licensed for bovine use. “All does which had
one or more parturitions were included in the serologi-
cal screening tests conducted at six-month intervals over
?two-%ear eriod. Test-Rosmve animals were removed
rom the herd and, at the owners’ discretion, were el-
ther euthanized and examined by necropsy. histopathol-
oggand culture, or sold formeat purposes. Management
practices for control of paratuberculosis transmission
were also implemented.

There was good agreement hetween ELISA and
AGID test results (Kappa=0.625), Of4l seroPosnwe rqoats
submitted for necropsy, 39 (95%) were paratuberculosis-
nositive, Over a two-year period, herd seroprevalence
declined from 9.83 to 3.59% am_onr% adult oes. _

Testm? for Mycobacterium avium subspecies
paratuberculosis and adopting management practices
recommencded for control of paratuberculosis in cattle
F(Ppeared t0 reducg the seroprevalence of paratubercu-

SIS In a goat herd.

Resume

Des chevres laitieres adultes de race croisee ot
ete soumises au deglsta e d'anticorps de la
paratuberculose avec les méthodes ELISA et AGID
approuvees en pratique hoyvine. Toutes |es chevres
femelles ayant eues au moins une mise-has ont ete
spumises gux tests de dep|sta%e_ serologl(éue menes a
six mois dintervalle sur une periode de"deux ans. Les
animaux positifs ont efe retires du troupeau et, selon la
volonte de eleveur, soit euthanasies a des fins d’examen
par |a necropsie, | histopathologie et [a culture ou sort
venaus pour consommation. DeS pratiques de regie pour
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le controle de a transmission de |a paratuberculose ont
aussi ete mises en place.

|l y avait un bon accord entre les resultats
Brove_nant des tests ELISA et AGID (Kappa = 0.625I).

armi |es 41 chevres seropositives soumises a fa

necropsie, un total de 39 (95%) testaient positives a la
paratuberculose. Sur une periode de deux ans, la
sero(prevalence au niveau du troupeau est p?ssee de
9.83% a 3.59% parmi les chevres adultes femelles.

Lutilisation d'un test pour le depistage de Myco-
bacterjum avium sous-esge_ce aratuberculosis et
I'adoption de pratiques de regie recommandees pour le
controle de [a paratuberculose chez les bovins semblent
avolr reduit la seroprevalence de la paratuberculose
dans un troupeau de chevre,

Introduction

.. Paratuberculosis (Johne’ disease) is a chronic, de-
bilitating condition of cattle, sheep, goats and qther ru-
minants. There are several strains ofthe etiologic agent,
Mﬁc_obactenum avium subspeciesparatuberculosis (MAP),
All isolates from goats are 1S900 (an insertion sequence
defined as a repetitive stable DNAelement unique to the
IMAP genome) positive. Using porl[%/merase chain reaction
(PCR)"and DNA hybridization, most goat isolates show
strain characteristics typical of cattle Strains. Occasion-
ally sheep strains or strains intermediate between cattle
and sheep strains are identified in goats.9 _

. The prevalence of paratuberctlosis in goats in the
United States (US) is largely unknown. Laboratory meth-
ods evaluated for diagnosis of paratuberculosis in goats
include fecal culture,"agar gel immunodiffusion (AGID
assay, doenzyme-linked immUnosorbent assay (ELISA)T
and | |,stoPa hology.24 Fecal culture detectéd 76 to 86%
of clinical paratuberculosis cases In field studigs in the
US and the United Kingdom.3IL Fecal culture is consid-
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ered to be highly specific for MAP infection. However, in
a studg ofpygmygo,a,ts in a highly infected herd, three of
13 fecal culture-positive Poatsw re MAP-negative when
examined by histopathology or culture of tissues, The
Rossmlhty of Intestinal pass-through of MAP from a
ighly contaminated environment was suggested.4Anti-
badies were detectable by ELISA at aboutthe same time
subclinically infected goats were MAP-culture positive.
One study évaluated the use of ELISA In goats to detect
MAP antibodjes; apgarent sensmvn)( was 54% and ap-
parent specificity was 100%.11n another study where a
commercial protoplasmic antigen was utilized, apBarent
sensitivity and sgemflutyofE ISAwere 86,2 and 95.2%,
respectivély. Serologic response to MAP infegtion has
been detected In godts as early as 15 weeks foIIowmﬁ
experimental infection using the ELISA test. Dalthoug
_serologlc response 13 precedgd by positive culture stattis
In most ruminants stydied. . ,
. Chronic weight loss, or wasting without diarrhea,
is a common clinfcal sign of Johne’s disease In goats,
Age at onset is typically younger than in cattle,9most
commonly af two'to thrée years ofage.8The differential
diagnosis of weight loss in goats includes caprine a-
thritis-encephalitis, tuberculosis, caseous lymphadeni-
tis _endoPara,sltlsm, ectoparasitism, melioidosis,
gltjjlf&tllsogga deficiencies and imbalances, and paratuber-
This paper compares two serologic methods to ?_ost-
mortem diagnostic methods, and correlates these fina-
Ings with possible risk_factors for paratyberculosis.
There are few regorts_of_ attempted control or eradica-
tion of paratuberculosis in goat herds. 38411

Herd History

. In December 1999, owners of a multiple-breed
dairy goat herd éabout 230 mature animals) requested
assistance with diagnosis and control of paratuberculo-
sis, Adoe from their herd developed clinical paratuber-
culosis subsequent to sale to another herd, prompting
their concerns. , _

The case herd had previously purchased animals
from at |east four other goat herds.” Prior to 1995, home-
raised kids were fed unpasteurized milk from a nearby

aratgbercwoms-fosnwe cow. herd or ungasteunzed
milk trom the goat herd. Beginning in 1995, pasteur-
Ized goat or cow milk was fed. Goat milk was pasteur-
Ized by heating milk to 163° F (78° C) for a minimum of
15 seconds. Pasteurized cow milk was Ipurchased from
retall sources. During the 12 months p ecedm%our Ini-
tial farm visit, 22 dogsS had been removed fromthe herd
because of rapid weight loss. Maost does culled because
of weight loss were home-raised. _Management rac-
tices 1 December 1999 and before includgd separation
ofkids from the dam at birth, raising kids in group pens
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that rEermltted fence-line contact with matur%do sand
purchase of replacement %oats from several herds. To
determine the cause of w |ght loss, one ?oat Was sup-
mitted for necropsy and oné was tested for MAP anti-
bodies by AGID; both cases were positive for
paratuberCulosis,. . _

During our first visit to the farm in January 2000,
health history was collected, a paratuberculosis risk
assessment ddapted from dairy cattle use6was rPer-
formed, and recommendations for diagnosis and control
were made to the herd owners mcludm? serologic sam-
pling of all does that had freshened at feast once, test-
m? of serum samples by ELISA and AGID,_regeated
serological testm}] of the herd at six month intervals,
fecal cUlture, andfor removal ofall seropositive animals
from the herd. The owners were encouraged fo allow
euthanasia and postmortem examination of all serqp-
osﬂwg,ammals. Manaqement recommendations in-
cluded immediate separation ofkids from dam at hirth,
before nursing; strict separation and segregation ofkids
from adult animals; continued use of pasteurized colos
trum, followed by use of milk replacer; prevention of
access of any godts to manure storage or manure run-
off areas; and maintenance of a closéd herd, The own-
ers maintained individual animal identification and
health records and made a dlllgent effort to Implement
the paratyberculosis control recommendations; however,
sero?osnwe animals were not confirmed by antemor-
tem Tecal culture. Fifty-four percent ofseropasitive goats
were presented for etithanasia and necropsy.

|l data were statistically anal¥zed t0 dssess agree-
ment hetween tests and odds ratio Tor test-positive sta-
tus using Epilnfoaand SAS.b

Diagnostic Methods

Lahoratory submissions were analyzed using the
following methads:

ELISA. Serum was evaluated for antibodies to
MAP using an ELISAkit approved for use on cattle sera.c
Testing was done following manufacturer’s instructions
and using manufacturer-supplied hovine positive and
negative Controls. Sera from a known MAPpositive and
a Known ,ne,gatwe goat were run to assure consistency.
Each individual sefum was evaluated in a single well.

. AGID. Serum was evaluated for antibodies to MAP
using a commercially available AGID kitdapproved for
use in cattle. Testing'was done following manufacturers
Instructions. Bothbovine and caprine positive and nega-
tive controls were used.

Histology. Animals were humanely euthanjzed ang
fresh tissues (ileocecal, mesenteric and mediastinal
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lymph nodes, ileum, colon, liver and kidney samples
vere collected from all animals; addjtional tissues were
collected from some animals, based on &ross necrops%/
fmdmt%s were collected and fixed in 10% neutral-bUff-
ered formalin. Tissues were routinely processed, em-
bedded in paraffin and stained with hematoxylin and
eosin using standard histology techniques. Tisstes were
eV Iu?ted orh|stolc|>_?,|cew gnce of Johne’s disease by a
pathologist (DW). Histologic criteria for a positive di-
a?nos,m were based on previously reported classification
? lesions in ?oats_na urally infected with MAP.2 In-
lammation ofthe intestine resulting in lymphocytic or
?ranulom,atous enteritis was required fora positive his-
ologic diagnosis. = Acid-fast staining or immunohis-
tochemistry . (IHC) was used to. demonstrate
tmycobactﬁrla in"cases with negative or inconclusive cul-
ure results.

Culture. At necroPsg, fecal samples were collected
and cultured in Herrold's egg yolk media using a stan-
dard profocol. 2 A 16-weeK ricybation period was al-
lowed before declaring a,n¥ sample negative. An anima
was considered infectéd iftecal culturé was positive ana/
orhistopathology characteristic of paratyberculosis was
accompanied by positive acid-fast staining or [HC.

Results

. Serafrom 368 goats, including all 234 adult goats
in the herd at first sampling and additional qoats that
freshened or reached one year ofage during the course
ofthe control program, were tested for MAP antibodies.
Goats were sampled every six months from January
2000 until January 2002, as long as they remained in
the herd. All samPIes were tested by ELISA. Most
samgles were also tested with the AGID test. Atotal of

A7 serum samples were tested by both ELISAand AGID
tests. Usm% an S/P ratio of 0. or?reatera,s,the basis
for determination ofan ELISA result as positive, there
was a high degree of agreement between_ELISA and
AGID results (Kappa =0.625; Table 1). To minimize
laboratory costs, serum samples taken after the first
three herd samplings were tested only with ELISA, and

Table 1. ELISAand AGID agreement.
ELISApositive ~ ELISAnegative  Total

AcBie: % R )

Total 118 129 847

appa=0.625 (the proportion of potential agreement beyond
gldpge)(pplplg y
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sera from ELISA-positive goats were also tested b¥
AGID. Thus, 1009 sera were tested b){ ELISA and 84
{84%) ofthese were also tested by AGID. Of 368 goats
ested by ELISAand AGID, 69 (1 .8%)nwere positive at
one or mjqre samplings by either or both tests. Any goat
seropositive on either an ELISA or AGID test was Con-
sidered presumﬁnve-posnwe for paratuberculosis for
purposes ofthe herd control effort.

All tested individuals within the herd were evalu-
ated for factors that might increase their risk oftesting
Posmve relative, to overall test-positive prevalence in
he herd. Putative factors of inCreased risk were pur-
chased animal source rSsource herds), consumption of
unpasteurized colostrum, orhaving a dam that was test-
positive. There were sufficient numbers of tested ani-
mals from two of the source herds, herds A and B, to
allow determination of an odds-ratio for each of those
herds when compared to other tested animals in the case
herd. Animals gurchase,d from herd Bwere at increased
risk of being, test-positive (odds ratio 6.18;1: Table 2).
Daughters of test-positive dams were at higher risk of
testing positive than daughters of test-negative dams
(odds-ratio 2.90;L; Table 3. |

Goats positive on a serologic test were removed
from the herd, and 54% ofthese were submitted to the
Pennsylvania Animal Disease Laboratory System, at
Penn State Unjversity, for euthanasia and necropsy.
Owners immediately removed test-positive non-lactat-
mF does, removed |dctating does at the enq oftheir lac-
tation and elected to sell some seropositive goats for
slaughter. During the early stages of the_ control pro-
%ram, the owners submitted all“seropositive %oats for

ecropsy. Because most ofthese were confirmed MAP
Posmve, the owners elected to sell seropositive goats
ound later in the control/eradication program for
slaughter to capture some economic value. (oats sub-
mittéd for necropsy were not different serologlcall from
those sold for slau%ner (necropsied %oats: 3% ELISA
osltive, 58.3% AGID positive: slaughtered %oats: 88.6%
-LISApositive, 51.4%AGID posmvez. Of 76 goats posi-
tive onone or more serologic tests, 41 were Submitted
for necropsy, and 39 were confirmed positive for paraty-
berculosis by culture and/or histopathology (Table 4).
TWO goats were seropositive but not confimed positive
at necropsy. These animals had low-positive ELISAtests
(0.322 and 0.376 OD), were negative on AGID and were
younger (mean of 2.4 years vs. 4.6 years) than the 39
confitmed paratuberculosis cases. Use Of positive re-
sylts from both tests, AGID and ELISA, resulted in iden-
tifying more infected animals than using either test
alone.” Of 30 culture-positive goats, 15 were positive on
both AGID and ELISA, nine by ELISAalone and six b¥
AGID alone. 0f39 ?oats ?03| Ive by histopathology, 1
were positive on hoth tests, while 15 were positive on
ELISA alone and seven positive on AGID alone.
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Table 2. aratu
any testing by ELISA and/or AGID).
Serologic test status
Pos Neg
Yes 14 64
Purchasgd from
Herd A
No 62 228
Total 16 292
17 13
Purchased from
Herd B
No 59 219
Total 16 292
Table 3. Paratuberculosis status of tested dam-
daughter pairs (positive status = test-posi-
tiveat any testing by ELISA and/or AGID).
Daughter Daughter Total ~ %pos.
pos ncg
Dam Rositiye 13 29 42 3%.0
Dam hegative 21 136 15 134
Total 3 165 199

OR=290 (95%Cl= 1.21-6.99)

Table 4. Correlation hetween culture and histopa-
thology results from seropositive does at

NECropsy.

Culture  Cultyre  No
positive  negative culture Total

dooadopvpene, 6 3 ¥
Total 30 4 7 4

Number and percent ofgoa_ts seropositive at each
Plgrd tesbdecllned over time during the testing period
igure 1).

JUNE, 2004

Risk of paratuberculosis test-positive status, related to herd of origin (positive status = test-positive at

Total % pos.
18 179
290 214
368
OR=0.80 (95% CI=040 - 159)
Rl 56.7
338 175
368
OR=6.18 (95% Cl=2.68 - 14.38)
14 m
92
él sty
8 gy
Be
4 _ RIMTT*___
2
0
1232000  8/102000 1252001  7/242001  1/24/2002

Herd test date

Figure 1. ELISA positive goats at whole herd test.
ANumber positive / Number of goats tested

Discussion

There was ?OOd agreement between the ELISA and
AGID test results. Anearlier reportLof ELISA testing
of goats utilized a test kit marketed bk/ the same com-
pany, but reagents used in the earlier study were differ-
ent"than in the currently-marketed” kit.. Most
seropositive goats in this herd'that were necropsied were
confirmed to'be MAP-positive by both fecal culture and
histopathology. Forty-six percent of test-positive goats
were not presented for necropsy, but were sold for sIau?_h-
ter; thus, correlation of seropositive tests with confir-
matory tests for this group is not known.
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Diarrhea and loose feces were not reported in this
herd. The hgrd owners observed a numb% ofthin, poor-
producing does prior to January 2000, but only a few
animals with we|9ht logs were noted after January 2000,
Most ELISA andfor AGID test-positive goats had good
body condition, and at necropsy abundantfat stores Were
seen In most of the goats. Perhaps access to diagnostic
test results and heightened awareness of paraubercu-
losis bg the owners ?rompted early removal of affected
goats before weight loss, characteristic of late stages of
Clinical djsease, dccurred. .

In this herd, risk factors for paratubercylosis in-
cluded origin from herd B and being a daughter of a
test-positive dam. Cons_umPtlon ofunPast,eunzed milk
or colostrum was not a risk factor, but feeding o_fungas-
teurized milk or colostrum was discontinued in 1995
five }(ears before other management practices to control
paratuberculosis were implemented. ,

Starting in January 2000, the_herd owner imple-
mented manaqement practices that included separatjon
ofyoung kids trom adults before nursing, feeding colos-
trum ofly from fest-negative does, prevention of fecal
contamiriation of the youngstock environment, separa-
tion of all goats from &ccess to manure storage and ma-
nure-run-otf areas, as well as test and cull”measures.
During a two-year period, antipody prevalence within the
herd declined from 9,83 to 3.59%. As true Prevalence e-
clines in this herd, the value of fecal cultures for earl
detection will increase and the efficacy of serologic find-
Ings as a basis for removal from the hard will décrease.

_Diagnostic methods commonly uaed in cattl?, In-
cluding ELISA, AGID, fecal ¢ulture and histopathology,
all groved useful for diagnosis of MAP in this goat herd.
T0 assess the sensitivity and specificity ofthe serologim
tests used in this case study, the tests should be evalu-
ateq using sera from well-characterized MAP-positive
and MAP-negative animals, including sera from animals
exposed to antigens that mu\;ht crgss-react, Unfortu-
nately, these studies were not possible in this commer-
cial doat herd. )

Caseous lymphadenitis (CLA) has been reported
as a source of cross-reactions and possible false-posi-
tives when using the AGID test, The CLA status ofthe
case herd was not determined, however, the owner had
not observed swollen or abscessed lymph nodes. While
the ﬁr iené_case study demonstratesthe yse ofcurrentlrx
avallable djagnostic tests in a field environment, cop-
trolled studies to assess test performance in rqoats n
different geo%raphm locations' with different levels of
infection are heeded.

Conclusions

Management practices hased on accepted paratu-
berculosis control principles for cattle, coupled with test
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and removal of positive animals, aPp_ears to have re-
duced the seroprevalence of MAP in this herd. The out-
come in this herd suggests that ELISA testing maY be
comparable to AGID festing for herd screening, and that
weight loss or loss ofbody Condition may not e a sensi-
tiveIndicator of é)aratu_b_erculosm in a dairy goat herd
on a high plane of nutrition. The use of fecal Tulturin
on a hérd-wide basis might have allowed detection 0
disease at ap earlier stage of infection and may have
affected the herd infection rate. |t remajns to be deter-
mined whether the djagnostic and control measures will
Provetﬁ_deﬁuadte to ultimately eliminate MAP infection
rom this herd.

Footnotes

o™v6.1 EpidemiologyéProgram Office, Centers
ase Control, Atlanta, GA

8.02, SAS Institute Inc., Cary, NC. ,
rdChek@Mycobacterium paratuberculosis Test Kits,
XX, Westhrook, ME. _

Jt™ Rapid Johne’s Test, Mycobacterium paratubercu-
osis Antibody Test Kit, Immucell, Portland, ME.
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