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Abstract: Aim: To introduce and validate the new method of diagnosing
ovine and caprine brucellosis in a rapid, accurate and inexpensive manner by using
i-ELISA (serum/milk) technique.

Methods: Serum and milk samples from brucella RB and CFT negative (n =
881) and positive (n = 755) animals were used. Standardization of tests was through the
Bommeli ELISA-BESW (Brucella Bang) standard and our Institute’s (MKD) working
standards (positive serum and milk based on B. melitensis antigen).

Results: Validation of serum/ milk ELISA for detecting ovine and caprine bru-
cellosis was completed. The specificity obtained for the serum ELISA was 99.0% for
the Bommeli system (at cut-off of 30% of positivity — PP) and 99.4% for the MKD sys-
tem (at cut-off 15% PP). The sensitivities of serum ELISAs at the same cut-off were
98.5% for the Bommeli and 96.6% for the MKD test. Parallel milk samples from the
same animals showed a specificity of 99.5% in the Bommeli system (at cut-of 30% PP)
and 99.8% in the MKD system (at cut-off 25% PP). The sensitivity of the milk ELISAs
were 94.6% for the Bommeli test and 95.6% for the MKD test.

Conclusion: The Bommeli ELISA and MKD ELISA were successfully stan-
dardized and validated as confirmatory tests for the diagnosis of B. melitensis in sheep
and goat samples (milk/sera). Using our Institute’s milk standard, we confirmed succes-
sful screening of brucellosis in pooled milk samples from 100 sheep and 100 goats.
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Introduction

B.melitensis infection in small ruminants continues to be a problem in
many countries, especially in the Mediterranean region and Eastern Europe [1-6].
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In Macedonia, brucellosis caused by B. melitensis is one of the most
important diseases in small ruminants. The impact of its effects on sheep and
goat production and reproduction (abortions), and especially its human health
hazard, implies that this disease should be controlled and eradicated [4, 7, 8].
The disease has persisted for about 30 years and efforts of government prog-
rammes to effectively control and eradicate the disease have been not succes-
sful. From 2008 to the present, a new strategy has been introduced, based on
“diagnose and remove” for infected animals and different types of vaccination
have been performed, depending on the infection level in the epidemiological
units [2, 3, 9].

The Republic of Macedonia has a domestic animal populations of about
215,000 cattle, 800,000 sheep, 115,000 goats and 235,000 pigs. The prevalence
of brucellosis in sheep and goats (B. melitensis, biovar 2) for a period of 30
years was less than 2%. Brucellosis in cattle is limited to sporadic cases, espe-
cially where cattle cohabit with sheep and goats. Approximately 400-500 hu-
man cases have been reported annually in the last 20 years [7]. Diagnosing and
control/eradication of the disease using the classical serological methods has
been: the Rose Bengal plate agglutination test (RBT) used for screening flocks
and individual animals and the Complement Fixation Test (CFT) and the
Indirect i-ELISA serum/milk (used as a confirmatory test for small ruminants
and for cattle). The above-mentioned tests and temporary serum agglutination test
(SAT) and milk ring test (MRT) are used for bovine brucellosis. For pooled milk
samples (screening test) there are useful tests, such as MRT (only for cattle) and
i-ELISA (for cattle, sheep and goats).

The intention of this work is to report the efforts to find a suitable
ELISA test for individual serum/milk samples, like confirmatory and pooled
(bulk) milk samples like a screening test, especially for small ruminants. Preli-
minary data in this field have previously been presented in 1991, 1994 and 1997
[8, 10-13]. It is known that B. melitensis infections in small ruminants are not
as well confirmed by using serological tests such as those for B. abortus in cat-
tle [1-3, 14, 15]. Using the RBPT and CFT and slaughtering infected animals, it
seems impossible to eradicate the disease among the small ruminant popula-
tions. Our validation has shown that the ELISA serum/milk tests are applicable
for routine diagnosis of brucellosis infection in small ruminants. These tests are
more accurate, rapid and inexpensive, and may be automated for detecting bru-
cellosis, especially in infected flocks [16, 17].

In a project supported by FAO/AEA and the World Bank (2003), from
1995 to 2003 the Veterinary Institute in Skopje in carried out the largest and
longest experiments in the field of introducing serum/milk — ELISA technology
for diagnosing B. melitensis in small ruminants [8, 10, 11]. Additional studies
were performed (2003—05) to introduce the Polymerase Chain Reaction (PCR)
by extracting DNA of B. melltensis directly from the raw milk of small rumi-
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nants, but without success. According to a review of literature and the opinion
of the independent experts (6 missions) of the projects, they were apparently the
first scientific studies of diagnosing of B. melitensis in sheep and goats by indi-
vidual serum/milk ELISA, especially using bulk (pooled) milk. In view of the
lack of international standards for diagnosing B. melitensis in small ruminants,
these methods were for the first time prepared as standards for national and in-
ternational use. The results of this work were utilized in two directions; first, the
method was used as a prevalidation test [7, 10, 11, 16] and second, it was suc-
cessfully performed as a validation test for diagnosing B. melitensis in sheep
and goats by serum / milk ELISA [12, 17].

Methods

The best method for validation of a test for diagnosing B. melitensis in
small ruminants for the serum/milk ELISA is the use of the "gold standard"
from truly positive animals where B. melitensis is isolated from each animal.
But in the absence of such animals (according to Jacobson), we used a different
"gold standard", animals serologically positive and negative to the RBPT and
CFT, and compared results with iELISA [18, 19, 20].

Serum and milk specimens from Brucella negative (n = 881) and posi-
tive (n = 755) animals were used (material for investigation). The samples were
selected and taken from selected regions of R. Macedonia. The negative se-
rum/milk samples originated from a region where no brucellosis had been recor-
ded, either clinically or serologically, during the last 40 years. The individual
animals were sampled simultaneously for both serum / milk (from each one).
The positive serum/milk samples were obtained from permanently infected flo-
cks, where clinical symptoms (abortions) occurred and family members of the
famers were heavily infected.

For preparing standards for diagnosing B. melitensis, in one epidemio-
logical unit, we indentified one heavily infected flock of sheep and goats. We
identified 9 sheep and 6 goats with high serological titers. These animals were
separated for one month, milk was collected every day and serum every 7 days.
After that period, these animals were purchased for culling in the abattoir. Se-
rum and milk samples were frozen at -70°C. Each serum and milk sample was
titrated by the i-ELISA method, using positive control serum samples from
Weybridge (bovine origin), Bulgarian national reference serum at CFT diagno-
sis (rabbit) and from the Bommeli ELISA kit (2nd International anti brucella
abortus serum, diluted 1: 64). For the determination of a positive cut-off for
RBPT minimum positivity of (+), CFT (1: 5 dilution equivalent to 35 CFU) was
used, and for serum/milk ELISA a percent positivity (PP) of strong (++) posi-
tive standard was used [1, 21-24]. The weak positive standard (+) was obtained
with the dilution of the strong positive standard.
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The reagents for performing the RBT and CFT tests were obtained from
Rhone- Merieux and the ELISA kits from Dr. Bommeli, Switzerland. Testing of
samples (serum/milk) was performed in duplicate and controls in triplicate. The
average value of optical density (OD) and validation of standards and samples
were according to manufacturer's recommendations (Dr. Bommeli).

The serum/milk standards used in the Macedonian (MKD) ELISA were
obtained from sheep and goats, previously tested negative/positive on RBT,
CFT and commercial ELISA tests for both serum and milk. The titrations of dif-
ferent positive and negative serum/milk domestic standards were performed
[16, 17, 25-27]. For measuring the optical density, a Multiskan Plus-Finland
spectrophotometer was used [12, 16, 17]. Simultaneously, other international
cattle standards, such as Weybridge, Bommeli and Bulgarian, were compared
with our sheep and goat standards.

The Bommeli (Chekit) ELISA-Brucellotest kit was used according to
the protocol of the producer. The antigen used in the MKD ELISA was Brucella
Bang LPS (FAO/IAEA), determined by chess titration with positive standard
[21]. The titration of the anti-ruminant monoclonal conjugate (Bommeli AG,
Switzerland) was also performed [21, 23]. The MKD positive standard was used
in a final dilution of 1: 3000 and the negative in a dilution of 1: 200. The proce-
dure of MKD ELISA (Box 1) started with serum samples at a dilution of 1: 200
and the milk samples 1:2 in diluent buffer (PBS, pH 7.4 with 0.05% Tween 20).

Box 1. Procedure for the MKD ELISA

1. Dilute samples and controls to the appropriate wells

(serum samples are diluted 1:200, and milk samples 1:2 in diluent buffer)
Add samples and controls in a volume of 100 pL/well

Incubate in a shaker for 1 hour at 37°C

Wash plates 3 times with 300 pL wash buffer

Add conjugate diluted 1:200 in diluent buffer in a volume of 100 pL/well
Incubate in a shaker for 1 hour at 37°C

Wash plates 3 times with wash buffer with 300 pL wash buffer

Add chromogen in a volume of 100 puL/well

. Incubate 60 minutes at room temperature

0. Add the stopping solution in a volume of 100 pl/well

RIS A EN IS

The controls and samples were added in an amount of 100uL/well and
incubated 1 hour in a shaker at 37°C and washed 3 times with a buffer before
adding the conjugate. The conjugate was used in a dilution of 1: 200 in diluent
buffer and added in an amount of 100uL/well. After incubation of 1 hour in a
shaker at 37°C the plates were washed 3 times and the chromogen added. The
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chromogen was created by diluting 1 tablet of ABTS (Sigma) in 6 ml of phos-
phate/citrate buffer (1 tablet in 100 ml dd water), (Sigma).

The stopping solution was prepared as a 4% dilution of sodium dodecyl
sulphate (SDS) double distilled water. The optical densities were measured
using a filter of 405 nm.

For the interpretation of results ordinary and special statistical methods
were used, as well as our own approach for interpretation [18-20, 22, 23, 26, 27].

Results and discussion

The results of the whole study are shown in the following figures and
tables:
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Figure 1 - Titration of the standards. A) Titration of the serum positive standard.
The sheep MKD serum standard gave a similar curve to international bovine standards
(BESW); B) Titration of the milk positive standard in negative milk. The dilution curve
shows that it is possible to use the ELISA milk standard for determination of brucellosis
in pooled milk samples of at least 100 animals
Cauxa I — Tuiipayuja Ha ciianoapouitie. A) Tuitipayuja Ha cepym Hlo3uiiuGHUiLie
ciianoapou. MK/ cepym citianoap0oiti kaj 08yl 0ade cAu4Ha KpUea Kako
UHTUEePHAYUOHAAHUOT 208e0cKU cliandapo (BESW); B) Tuiupayuja
Ha HO3UTHUBEH CIUAHOAPO 34 MAEKO 80 HeZalUusHO maeKo. Kpuesaitia
Ha paspeodysarbe HoKaxysa oexa e moxcHa yuoiupeba na EJTUCA ciianoapo
3a MA€EKO 3a YiliepOysarbe Ha Opyyen03a 80 UpUMEPOULL HA MOA3EHO MAEKO
00 Hajmaaxy 100 wusoitinu

A mixture of all sheep positive standard serum samples and a mixture
of all positive standard sheep milk samples was also included in the titration
curve showing for the first time (2003) a successful standardization of sheep se-
rum and milk samples for validation experiments. These standards, achieved
from these experiments aimed at identification of anti-brucella antibodies in
sheep and goat serum and milk samples, have been established as national refe-
rence materials for standardization of the ELISA techniques.
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Figure 2 — Frequency distribution of the positive and negative samples: A) in milk

samples analyzed by Bommeli ELISA system (755 positive and 881 negative samples);
B) serum samples by Bommeli ELISA system; C) in milk samples by MKD ELISA

system; D) in serum samples by MKD ELISA system

Cauxka 2 - [Qucitipubyyuja Ha ¢ppexseHyuuitie Ha lo3uiiugHuUilie U HeZaillugHUILLe
ipumepouyu: A) 80 tpumepouyu 00 maeko anasuduparu co bomeau EJTUCA
cucitiem (755 itosuitiusru u 881 nezaiuusHu ilpumepouyu); b) 6o iipumepouu

00 cepym anaausupanu co bomeau EJTUCA cucitiem; B) 8o iipumepouu
00 maexo anaausuparu co MK/ EJTUCA cuciuem; I') 80 fipumepouu 00 cepym
anaausuparu co MK/l EJIMCA cucitiem

400

carLe wmEn

Figure 3 — Dispersion of the percentages of positivity of positive and negative samples:
A) in milk analyzed by Bommeli ELISA system; B) in serum samples by Bommeli
ELISA system; C) in milk samples by MKD ELISA system; D) in serum samples
by MKD ELISA system
Cauxa 3 - [luciiep3uja Ha ipoyeHiliuilie Ha HO3UMUUBHOCIU HA HO3UTUUSHUIlE
U HezatliusHuUitle Upumepouyu: A) 80 UpUMEePOUU 00 MAEKO AHAAUSUPAHU CO
Bbowmeau EJIUCA cucitiem; B) 8o tipumepouyu 00 cepym anasudupanu co bomeau
EJIUCA cucitem; B) 60 iipumepouu 00 maexo anarusuparu co MK/ EJTUCA
cuctiem; I') 80 iipumepoyu 00 cepym anaausuparu co MK/l EJTUCA cucitiem
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Figure 4 — Correlation between the percentages of positivity of the Bommeli and MKD
ELISAs: A) in serum samples; B) in milk samples

Cauka 4 — Kpeaayuja iiomey iipoyenitiuitie Ha ilo3uitiueHociti Ha bomeau u MK/]
EJIUCA: A) so iipumepouu 00 cepym;, B) 6o tipumepouu 00 maexo
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Figure 5 — Correlation between the percentages of positivity in serum and milk
samples: A) analyzed by Bommeli system; and B) by MKD system
Cauxka 5 — Kopeaayuja iiome?y iipoyenitiuitie Ha o3UMUUBHOCIL
80 Upumepoyl 00 cepym u 00 maexo: A) anaauzuparu co bomeau cucitiem;
u b) co MK/] cucitiem
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Table 1 — TaGemna 1

Optimisation chart for determination of the cut offs in different types of ELISAs
(A total of 881 negative and 755 positive samples have been analyzed)
Oiiiiumu3ayucku UpuKkas 3a oipeoesysarse Ha Zpanuyuilie 60 pazAuyHu WULosu
Ha EJTUCA (skyiino 881 HezaitiusHu u 755 l03UIUBHU AHAAUSUPAHU TPUMEPOUL)

BOMMELLI BOMMELI MKD MKD
MILK SERUM MILK SERUM
CUT _OFF| SPEC* | SENS** | SPEC* | SENS** | SPEC* | SENS** | SPEC* | SENS**
5% 99.9 100.0 84.7 99.1 41.8 98.9
10% 30.6 98.7 1.0 100.0 98.3 97.1 97.8 98.1

15% 86.8 97.5 70.1 99.1 99.1 96.7 99.4 96.6
20% 90.0 97.0 91.8 98.9 99.5 96.2 99.7 95.1
25% 98.6 95.8 98.0 98.7 99.8 95.9 99.7 93.4
30% 99.5 94.6 99.0 98.5 99.8 95.6 99.7 91.7
35% 99.5 93.1 99.4 98.3 99.8 95.0 99.9 90.6
40% 99.7 88.7 99.8 97.6 99.9 93.8 100.0 88.9

Green represents the determined optimal cut-offs in each of the ELISAs.
SPEC* = specificity; SENS** = sensitivity

With this data, it is possible to evaluate the diagnostic specificity (DSp)
and diagnostic sensitivity (DSe) of the Chekit-Brucellotest ELISA (Dr. Bom-
meli) and our Institute (MKD) ELISA. A total of 881 negative and 755 positive
samples of both sera and milk were included in the analyses. Samples used in
the preliminary validation were previously confirmed with the "gold standard"
methods, RBT and CFT. The specificity obtained for the serum ELISA was
99.0% for the Bommeli system (at a cut-off of 30% PP) and 99.4% for the MKD
system (at a cut-off 15% PP). The sensitivity of serum ELISAs at the same cut-
offs were 98.5% for the Bommeli and 96.6% for the MKD test. Parallel milk
samples from the same animals showed a specificity of 99.5% in the Bommeli
system (at a cut-of 30% PP) and 99.8% in the MKD system (at a cut-off 25%
PP). The sensitivity of the milk ELISAs was 94.6% for the Bommeli test and
95.6% for the MKD test.

Taken together, we successfully standardized and validated the Bom-
meli ELISA and MKD ELISA. It is possible to diagnose brucellosis in a quick,
safe, exact and cheap manner by using the i-ELISA (serum/milk) technique. Also,
by introducing ELISA analyses of pooled milk samples, it is possible to main-
tain a "free status" of flocks, certain regions, epidemiological units or an entire
country. It is very important for farmers and countries to certify brucellosis "free
status" for numerous reasons. Maybe, this is one of the easiest and cheapest
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ways for the protection and fast screening of large flocks for brucellosis. Ho-
wever, following identification of infected farms, what then would be the ideal
policy that should be taken to control and further eradicate the disease?

It is possible to examine both individual serum/milk samples (confirma-
tory test) and pooled milk samples (screening test) with the i-ELISA method.
ELISA on pooled milk samples is useful for examination of flocks of 100 sheep
and 100 goats (B. melitensis).

Conclusions

According to the results of the preliminary validation of individual se-
rum/milk ELISA and pooled milk ELISA, it is possible to conclude the follo-
wing:

1. To examine individual serum/milk samples (confirmatory test) and
pooled milk samples (screening test) is possible by using the ELISA. An ELISA
for pooled milk samples is useful for examination of flocks of 100 sheep or 100
goats.

2. The results of MKD ELISA highly correlated to those of classical
methods (RBT and CFT) in determination of Brucella infected sheep and goats;

3. The specificity of the serum ELISA Bommeli system was 99.0% (at
a cut-off of 30% PP) and in the MKD system it was 99.8% (at a cut-off 25%
PP);

4. The sensitivity of serum ELISA (at a cut-off of 30% PP and 15% PP
for Bommeli and MKD ELISA, respectively) was 98.5% for Bommeli and
96.6% for the MKD test;

5. The specificity of the milk ELISA was 99.5% in the Bommeli system
(at a cut-off 30 % PP), and 99.8% in the MKD system (at a cut-off 25% PP).

6. The sensitivity of the milk ELISAs were 94.6% (at a cut-off 30%) for
the Bommeli test and 95.6% (at a cu-off 25%) for the MKD test;

7. The diagnostic performance of MKD ELISA was very similar to that
of recognized, commercial producer Bommeli, but at different cut-offs as deter-
mined in our laboratory;

8. Application of milk ELISA in the routine diagnosis of infected sheep
or goats will significantly decrease the costs of the control/eradication program-
mes, without losses in the diagnostic performances compared to the serum
ELISA;

9. The results of the validation encourage the full OIE validation of the
serum/milk ELISA for small ruminants, using B. melitensis antigen;
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10. The results of this validation test need to be further confirmed with
the direct detection of Brucella melitensis in milk samples by PCR, through
additional investigations.

11. Recently, OIE Reference Laboratories for Brucellosis have establis-
hed an OIE International Reference Serum for B. melitensis in small ruminants
(ISaBms). It is now possible to compare the MKD national serum and national
milk standards to the international ISaMbs serum.
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Pesume

JUJATHOCTNYKA BA/IMJAIINJA HA BPYIHEJIO3ATA KAJ OBIIUTE
N KO3UTE CO YIIOTPEBA HA CEPYM- 1 MIIEKO-ELISA

bommnakoscku J., Mutpos [1., Hanerockn U.

Daxyaitieiti 3a seiliepuHapHa meouyuHa, Ynusepauitei ,,Ce. Kupua u Meitioouj*,
— Crotije, P. Makeooruja

Llea: la ce BOBefe W Banmuaupa HOBa METOJA 3a JMjarHOCTHIUpAake Ha
Opylueao3ara Kaj OBIUTE ¥ KO3UTE Ha Op3, IpelU3eH ¥ eBTHH HAYMH CO IOMOII Ha
i-ELISA (cepyM/MJIeKO) TeXHHUKATA.

Meitioou: KopucteHu ce mpuMepoI Ha cepyM W MJIEKO KOW Ha Opylie-
703a co RB u peakiuja Ha Bp3yBame Ha KoMiuiementu (PBK) ce meraTuBhu (n =
881) u mosutuBHU (n = 755). CTaHgapAu3anuja He TeCTOBUTEe Oellle HampaBeHa
npeky Bommeli ELISA-BESW (Brucella Bang) crangapgor u paboTHUTE CTaH-
mapmu (MKJT) Ha HamMOT MHCTUTYT (TO3UTUBEH CEPYM U MJIEKO Bp3 OCHOBA Ha B.
melitensis anTureHor).

Pesyaitiaiuiu: Banupupawe Ha cepym/mneko ELISA 3a oTKpuBame Ha
Opyneno3aTa Kaj OBOUTE U Ko3uTe Oeire n3BpireHo. CnenuduaaocTa foonueHa 3a
cepyMm ELISA Gemte 99.0% cnopen Bommeli cucTeMOT (CO rpaHUYHA BPESHOCT —
cut-off — o 30% Ha nmosutuBHocT — III1) u 99.4% cnopen MKI]] cucremor (co
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rpaHUYHa BpegHOCT — cut-off — o 15% Ha nmosutuBHOCT — I1IT). YyBcTBHTEMTHOCTA
Ha cepyM ELISA 3a mucrata rpaHu4Ha BpefiHOCT Oemre 98.5% crnopen Bommeli u
96.6% cnopen MK]I Tecror. IlapanenHure nmpuMepoly Ha MIIEKO Off HUCTUTE
SKMBOTHH TIOKaxkaa crenuguaaoct ox 99.5% cnopen Bommeli cucremotr (co
rpanuyHa BpegHocT of 30% I1IT) u 99.8% cnopen MK]I cucremoT (co rpannyHa
BpenHocT of, 25% ITIT). YUyBcrBurennocra Ha miueko ELISA Oeme 94.6% crnopen
Bommeli 1 95.6% cnopepg MK]I tecToT.

3axayuok: Bommeli ELISA u MK]I ELISA Oea ycnemHo craHpgapru3u-
paHM M BanuupaHW KaKO TECTOBU 3a MOTBPJyBale Ha AMjarHo3arta Ha B. meli-
tensis co mpuMepoIy off OBIM 1 Ko3| (MiIeKo/cepyM). Koprcrejku ro crangappoT
3a MJIEKO Off HAIIMOT WHCTHUTYT, HAE IO NMOTBPAUBME YCIEIIHHOT CKPHHUHT Ha
Opyueno3ata oy 30upHu npuMeponu Ha mieko of 100 opuu u 100 Ko3u.

Kayunn 36opoBn: oBim, ko3wu, Brucella melitensis, ELISA-cepym, ELISA-miexo,
Banuaanyja.

Corresponding Author:

Prof. Dr. Jovan Bosnakovski

Tiranska 22, MKD-1000 Skopje

Republic of Macedonia

Tel. ++ 389 (0)2 2035 074; ++ 389 (0) 70 355 764

E-mail: jovanbosnakovski@yahoo.com

TIpunosu, Oaa. Guon. mex. nayku, XXXI/1 (2010), 103-115



