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FOREWORD

The health and production of livestock, particularly those kept by small-scale producers in developing
countries, is continually threatened by diseases caused by viruses, bacteria and parasites. Although animals

in developing countries suffer from the same type of infections as those in developed countries, they are also
affected by other diseases which have long since been eradicated or brought under strict control in developed
countries. It is these latter diseases which are most important, not only because they kill or reduce
productivity on a massive scale, but because they severely inhibit international trade. These are also diseases
about which something can be done - either by vaccination or treatment - but where current methods of
diagnosis or surveillance are inadequate or inappropriate to support large-scale control or eradication

activities. Such methods are essential not only to plan animal health programmes and livestock policy, but

also for the more immediate need to identify the specific cause of a disease outbreak rapidly since this
allows immediate control action to be taken to limit the losses of the affected livestock owner.
Recent advances in the application of immunology and biotechnology have resulted in the

development of a new generation of simplified tests which are potentially suitable for widespread
dissemination into developing countries to support their livestock industries. At the forefront is the Enzyme
Linked Immunosorbent Assay or ELISA, a test which has its origin in radioimmunoassay (RIA) technology.

Another test which is useful for certain diseases is the nucleic acid hybridization technique (DNA probes);
this allows sensitive and specific diagnosis of the organism concerned and is particularly useful for identifying
carrier animals.

These methods and particularly the ELISA are now used extensively in developed countries where
they have been shown to be reliable, fast, easily standardized and cost-effective. With this in mind, the
International Atomic Energy Agency and the Food and Agriculture Organization of the United Nations,
through their Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, initiated a Coordinated Research Programme (CRP) in 1986 with the aim of establishing ELISA and to some extent DNA

probe technology for the diagnosis of animal diseases in developing countries.
This programme was made possible by the generous support provided by the Swedish International
Development Authority (SIDA) to the Joint FAO/IAEA Division. Initially, the programme involved 23
research institutes from 20 countries in Africa, Asia, Latin America and Europe. In 1987, after the first

Research Co-ordination Meeting (RCM) which was held in Uppsala, Sweden, it was decided to regionalize
this programme and three Regional Co-ordinated Research Programmes emerged - one in Africa involving
the seromonitoring of rinderpest under the Pan-African Rinderpest Campaign (PARC), the second in Latin
America and the third in Asia.
The Latin American programme entitled "Regional Network for Latin America on Animal Disease
Diagnosis Using Immunoassay and Labelled DNA Probe Techniques" was composed of 10 research contracts

from 10 research institutes in 7 countries and three research agreements. Individual work plans were drawn
up at the first RCM held in Uppsala, Sweden, in March 1987. At the second RCM held in Buenos Aires in

October 1988, results were presented and work plans modified. This meeting was followed by an PAO/IAEA
Regional Training Course in ELISA and DNA Probe Techniques attended by most of the contract holders.
At the final RCM held in Heredia, Costa Rica, in October 1990, in conjunction with a meeting organized

by the International Foundation of Science (IPS), the results and conclusions from the programme were
presented. The papers in this publication are essentially the results presented at this meeting.
This publication, which is divided into three sections according to the diseases covered (viral,
bacterial or parasitic) also includes the papers submitted by the three researchers from Indonesia, Thailand
and Turkey supported under the original SIDA-funded programme but subsequently transferred for technical
reasons to a regional CRP in Asia.
The sponsoring organizations wish to acknowledge the generous support provided to this programme

by the Government of Sweden through the Swedish International Development Authority. The enthusiastic
collaboration and assistance of all research contract and agreement holders during the programme are also
acknowledged.

EDITORIAL NOTE
In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts as submitted by the authors and given some attention
to the presentation.
The views expressed in the papers, the statements made and the general style adopted are the
responsibility of the named authors. The views do not necessarily reflect those of the governments of
the Member States or organizations under whose auspices the manuscripts were produced.
The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.
The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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INTRODUCTION

J. Moreno-Lopez
Animal Production and Health Section,

Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture,
International Atomic Energy Agency,
Vienna

1.

BACKGROUND
In 1985, following recommendations made by a nine-man consultative group, the Animal Production

and Health Section of the Joint FAO/IAEA Division introduced an animal health component into its
programme of support to scientists in developing countries. Central to this support was the use of nuclear

and related techniques for the diagnosis and control of livestock diseases.

It had been apparent for some time that the Enzyme Linked Immunosorbent Assay (ELISA) had
a great deal to offer the diagnostician in developing countries. The technique is relatively simple to use, is
of low cost, a large number of samples can be tested in a short time, and perhaps most importantly the test
is applicable to a large number of diseases. Hence once a laboratory is equipped and its personnel trained

in the ELISA for one disease it should be a relatively simple matter to transfer the technology to diagnose
the majority of the other epizootics affecting livestock in developing countries.

Although the ELISA can meet many diagnostic requirements, a more recently developed technique

involving the use of radio-labelled DNA probes, which detects nucleic acid sequences, offers the possibility
of determining the presence of disease-causing agents under conditions where the ELISA may not be
suitable. Thus it was envisaged that this new programme would concentrate on the introduction and use of

ELISA technology but involve some support for the use of radio-labelled DNA probes.
To provide additional support for this new programme in animal health, a number of outside funding
organizations were approached. In 1986 the Swedish International Development Authority (SIDA) agreed

to provide support for a Co-ordinated Research Programme (CRP) concerned with the introduction and use
of nuclear and related techniques in animal disease diagnosis. Initially this five-year programme was inter-

regional and supported Research Contracts for work on approximately 8 diseases. These included rinderpest,

brucellosis, babesiosis, infectious bovine rhinotracheitis, salmonellosis and enzootic bovine leukosis.
At the first Research Co-ordination Meeting (RCM) of the SIDA-funded programme (held in
Sweden in 1987), 7 of the 20 research contracts awarded involved rinderpest sero-surveillance in Africa. At
this time the Pan-African Rinderpest Campaign (PARC) programme was beginning to have a real impact

in Africa and applications for support of rinderpest sero-monitoring were being received by the Joint
FAO/IAEA Division from many more countries. It quickly became apparent that what was required was a
separate CRP dealing exclusively with rinderpest sero-monitoring in Africa. This was therefore established
in 1987 and the results of this programme, which eventually involved 15 Research Contracts funded by SIDA
and a further 6 Contracts supported by FAO, were published in 1991 (IAEA-TECDOC-623).

Of the remaining contracts originally funded by SIDA, 10 were in Latin America, 2 in Asia and 1 in

Europe. It was therefore decided to establish a separate regional CRP for Latin America involving these 10
SIDA funded research contracts and entitled "Regional Network for Latin America on Animal Disease
Diagnosis using Immunoassay and Labelled DNA Probe Techniques". The SIDA-funded contracts in Asia

were then incorporated into a regional CRP which was established using additional financial resources from
the Joint FAO/IAEA Division while the single Research Contract in Europe was retained as an individual

contract supported through additional inputs provided by the IAEA's Department of Technical Co-operation.
This publication contains the results of the work conducted under the FAO/IAEA regional CRP
in Latin America, as well as the results obtained through the Research Contracts supported by SIDA in Asia
and Europe. In the case of the Latin American programme, the papers are essentially a compilation of data
presented at the final RCM which was held in Costa Rica in October 1990, while the papers from Asia are

the results of work presented at an RCM held in Manila in February 1991.

2.

FAO/IAEA REGIONAL NETWORK FOR LATIN AMERICA ON ANIMAL DISEASE

DIAGNOSIS USING IMMUNOASSAY AND LABELLED DNA PROBE TECHNIQUES

2.1.

Introduction

This Co-ordinated Research Programme was concerned with supporting scientists in the Latin

American region wishing to use ELISA and DNA probe techniques for improving animal disease diagnosis
and control. Although the programme was funded primarily by SIDA and co-ordinated by staff of the
Animal Production and Health Section of the Joint FAO/IAEA Division, substantial additional support was

provided through the IAEA's Technical Co-operation programme in Latin America. This allowed for the
provision of ancillary equipment through national technical co-operation projects operating at institutes where
individual contract holders were located as well as the provision of experts to visit individual contract holders.

22.

Research Contract holders

Under this programme 10 Research Contracts were awarded to scientists from Latin America

(Table I and Fig. 1). A number of diseases were covered with each Contract concentrating on one disease
only. Two Contracts were concerned with brucellosis, two with babesiosis, two with bovine leukosis, and one
each with porcine pseudorabies, bovine tuberculosis, chlamydia, and infectious bovine rhinotracheitis.
Research Contracts were awarded on an annual basis with the sums provided ranging from

US $1000 to US $10 000 per year. These funds were used primarily to purchase basic ELISA and DNA
probe equipment, reagents, FAO/IAEA ELISA kits and microtitre plates. In several cases a portion of the

research grant was made available locally to provide funds for sample collection.
At RCMs each principal investigator provided a detailed report of the work carried out and an

account of the workplan for the following year. The country reports, presented at the final Research Coordination Meeting in Costa Rica and contained in these proceedings, are a summation of these individual
8

TABLE I. REGIONAL NETWORK FOR LATIN AMERICA ON ANIMAL DISEASE DIAGNOSIS
USING IMMUNOASSAY AND LABELLED DNA PROBE TECHNIQUES

Investigator's Name and Institute

Title of Contract/Agreement

RESEARCH CONTRACTS

Dr. MA. Saravi (4583/SD)
Institute de Bacteriologfa,
Centre de Investigaciones en Ciencias Veterinarias,
Instituto Nacional de Tecnologîa Agropecuaria,
Casilla de Correo 77,
1708 Moron, Buenos Aires, ARGENTINA

Enzyme immunoassay: Application to the
detection of bovine antibody to
B. abortus

Dr. H. Cardozo (4604/SD)
Departamento de Parasitologîa,
Centro de Investigaciones Veterinarias
"Miguel C. Rubino",
Casilla de Correo 6577, Pando,
Montevideo, URUGUAY

Evaluation of new techniques for the
diagnosis of haemopharasitic infections
transmitted by Boophilus microplus

Dr. J. Noda-Gomez (4589/SD)
Centro Nacional de Sanidad Agropecuaria,
Apartado 10, San José de las Lajas, Havana,
CUBA

Investigation and diagnosis of
bovine leukosis

Dr. R.M. Martins (4586/SD)
Instituto de Pesquisas Veterinarias "Desiderio
Finamor", Caixa Postal 2076, Porto Alegre,
BRAZIL

Infectious bovine rhino-tracheitis:
application of ELISA for improved
diagnosis and control

Dr. I.N. de Kantor (4584/SD)
Instituto Panamericano de Protection de
Alimentos y Zoonosis (INPAZ),
(formerly Pan-American Zoonoses Centre (CEPANZO)),
Casilla 3092, Correo Central, 1000 Buenos Aires,
ARGENTINA

The enzyme-linked immunosorbent assay

for IgG antibody to M. bovis antigens
in cattle sera as a diagnostic test for
tuberculosis infection

Dr. O.C. Marino (4587/SD)
Centro de Investigaciones en Salud Animal (CEISA),
(formerly Laboratorio de Investigaciones
Medicas Veterinarias),
Instituto Colombiano Agropecuario,
Bogota, COLOMBIA

The use of the ELISA for evaluating antibodies
to the outer membrane proteins (OMP) of
B. abortus in naturally infected bovines

Dr. E.O. Nosetto (4582/SD)
Institute of Virology, Faculty of Veterinary
Sciences, University of La Plata, 1900 La Plata,
ARGENTINA

Aujeszky's disease in Argentinian swine: a
study of enzyme-linked immunosorbent assay
(ELISA) and immunoperoxidase techniques

Dr. J. A. Pérez-Martinez (4594/SD)
Facultad de Medicina Veterinaria y Zootecnia
Departamento de Bacteriologïa,
Universidad Autönoma de Mexico,
Mexico City, MEXICO

Prevalence of Chlamydia-specific antibodies
in cattle experiencing infertility and
and abortion determined by indirect ELISA

TABLE I. (cont.)
Investigator's Name and Institute

Title of Contract/Agreement

Dr. E. Moreno (4588/SD)
Escuela de Medicina Veterinaria, Universidad Nacional,
Apartado 86, Heredia,
COSTA RICA

Serological diagnosis of enzootic bovine
leukosis in Costa Rica using RIA and ELISA
methods

Dr. Z. Garcia Vazquez (4870/SD)
Institute Nacional de Investigaciones Forestales
y Pecuarias, Centro Nacional de Investigaciones
Disciplinarias en Microbiologia (CIVAC),
Estado de Morelos, MEXICO

Evaluation of the ELISA test for screening
of B. bovis and B. bigemina

RESEARCH AGREEMENTS
Dr. J.R. Crowther (4602/CF)
Institute for Animal Health, Pirbright Laboratory,
Pirbright, Woking, Surrey,
UNITED KINGDOM

Application of immunoassay techniques for
improved diagnosis and control of

Dr. J. Moreno-Lopez* (4597/CF)
Biomédical Centre, Dept. of Veterinary Medicine,

Development of rapid methods for the

infectious diseases of livestock

diagnosis of animal virus diseases

Section of Virology, S-751 23 Uppsala,

SWEDEN

Dr. R.H. Jacobson (4603/CF)
Diagnostic Laboratory, New York State College of
Veterinary Medicine, Cornell University,
Ithaca, New York,
UNITED STATES OF AMERICA

Evaluation of enzyme immunoassays
for sero-diagnosis of infectious

diseases

* Now a staff member of the Animal Production and Health Section of the Joint FAO/IAEA Division,
Vienna.

reports and constitute an account of the activities carried out during the five years of the programme. In
the most part, these reports detail the introduction of the ELISA and/or DNA probes into a laboratory, the

establishment of local values "cut-off point", the establishment of the test as routine and the collection and
testing of samples as part of a national or regional survey.

23.

Research Agreement holders
As part of this programme, Research Agreements were awarded to scientists from developed

countries whose primary task was to oversee and assist the work carried out under the Research Contracts.
Under this programme, Research Agreements were awarded to Dr. J. Crowther of the Pirbright Laboratory,
Institute of Animal Health, UK; Dr. R. Jacobson of the Veterinary Faculty, Cornell University, USA, and
to Dr. J. Moreno-Lopez of the Biomédical Centre, Uppsala, Sweden. These scientists have been involved
for many years in the use of ELISA and/or DNA probes in developed and developing countries and provided
10
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Fig.l.

FAO/IAEA/SIDA regional network on animal disease diagnosis:
distribution of research contracts.

not only strong guidance during the research co-ordination meetings but also during visits and

correspondence to individual Research Contracts holders. In general terms, Dr. Crowther provided assistance
to those contractors concerned with viral diseases; Dr. Jacobson to those concerned with bacterial and
parasitic diseases and Dr. Moreno-Lopez to those concerned with the use of DNA probes.
2.4.

Research Co-ordination Meetings

Under the programme three RCMs were held at approximately 18 month intervals. The first of these

was held at the National Veterinary Laboratories, Uppsala, Sweden (May 1987) and this was followed in
September, 1989 by a meeting at the Comision Nacional de Energia Atomica, Buenos Aires, Argentina. The

final meeting of the programme (October 1990), which was organized in conjunction with the International
Foundation of Science, was held at the Escuela de Medicina Veterinaria, Heredia, Costa Rica.
At each meeting Contract holders gave a detailed account of the work carried out under their

contracts and a workplan for the following 18 months. These meetings gave an opportunity for the group to
have wide-ranging discussions on their problems and experiences, and solutions to individual problems were

thus shared amongst the group. During these meetings, Agreement holders were able to provide overall
guidance and to offer advice at both the individual and group level. These meetings also offered the

opportunity to provide training in both ELISA and DNA techniques.
11

3.

SIDA-SUPPORTED RESEARCH CONTRACTS IN ASIA AND EUROPE

The original interregional CRP funded by SIDA was subsequently split into two CRPs for technical
and financial reasons - one dealing with rinderpest in Africa and the other with disease diagnosis in Latin
America. Two of the remaining Research Contracts from the original CRP were from Asia and the third
from Turkey. Due to heavy demand for support in the field of disease diagnosis from Asian countries, the
Joint FAO/IAEA Division established in 1988 a CRP on disease diagnosis specifically for the Asian region

and incorporated the SIDA-funded contracts into this programme. Under this programme, RCMs were held
in 1989 and 1990, and it is the reports prepared for this latter meeting by the SIDA-funded Contract holders
which are published here. These reports are from the following scientists and institutes:

Dr. R. Wongwatcharadmurong, Department of Pathology, Faculty of Veterinary Science,

Chulalongkorn University, Bankok, Thailand; Dr. Indrawati Sendow, Virology Department, Research
Institute for Veterinary Science (BALITVET), Indonesia.

The SIDA-funded contract in Turkey was awarded to Dr. A. Duzgun of the Lalahan Nuclear
Research Institute of Animal Science, Lalahan.
4.

FAO/IAEA ELISA KITS
Central to supporting the Latin American and Asian programmes was the development and

introduction of validated and standardized ELISA kits specifically suited to the types of conditions found in

laboratories in developing countries.
A full report of the ELISA systems for the various diseases and their field validation is contained
in these proceedings. However, crucial to their design was the use of a standard format and wherever
possible standard reagents, thus ensuring that once a laboratory had established an FAO/IAEA ELISA kit

for one particular disease, it would be a simple matter to introduce similar kits for the study of other
epizootics. In principle the approach was to use an indirect assay utilizing OPD (orthophenyl diamine) as
the substrate, lOO^ul volumes, a 96-well plate format, and one hour incubation steps with three plate washes
between each step.
In calculating the results the use of 2 times the local negative mean value was used to determine

the cut-off point between negative and positive sera and the controls included a positive and negative

reference serum.

The FAO/IAEA ELISA kits were designed to contain all the necessary reagents, be robust enough

to withstand extremes of temperature and contain sufficient reagents to test 10 000 sera in duplicate. Plates
were not normally included in the kit but sent separately, having been purchased in bulk to avoid batch to

batch variation. To ensure further standardization, the equipment supplied was primarily from the same
manufacturer.

5.

TRAINING

Adequate and appropriate training was considered a key element in this programme. At the first
RCM in Sweden a one week course introduced both ELISA and DNA probe technology to the Contract

12

holders. During the following 12 months several of the Contract holders were visited by FAO/IAEA experts
and further training giving at the local level.
The second RCM of the Latin American programme was followed by a month-long FAO/IAEA
regional training course in ELISA and DNA probe techniques held at the Institute Nacional de Tecnologia

Agropecuaria (INTA) in Buenos Aires Argentina (November 1988) and most of the Contract holders were
able to attend this. During the subsequent three years further local training was provided through visits to

the region by FAO/IAEA experts and one of the agreement holders, Dr. Moreno-Lopez.
Likewise, activities under the Asian programme were complemented by a one month FAO/IAEA

regional training course for Asia on the "Use of Immunoassay Methods in Animal Disease Diagnosis" held
in Jakarta, Indonesia (November 1989), and work under the Research Contract in Turkey was facilitated by
inputs of expert services and equipment provided through an IAEA Technical Co-operation project at the
Institute concerned.
6.

FUTURE ACTIVITIES

The reports contained in these proceedings clearly indicate that the FAO/IAEA CRPs supported
by SIDA and the accompanying activities supported by the IAEA's Department of Technical Co-operation
succeeded in introducing into the participating Latin American and Asian institutes an ability to carry out
epidemiological studies using both ELISA and DNA technology. The justification for this conclusion and
recommendations for the future are contained at the end of the proceedings.
It is clear though that the task of establishing these techniques in all countries in these regions and

for the major epizootics is far from complete. Although the approach adopted of utilizing an ELISA-based
system has sustainability as a major component, continued support will be required to ensure its adoption
and widespread use.
Fortunately, funds have again been secured from SIDA for a further three years of support for
activities in Latin America, and a follow-up CRP is already operational. This will focus on three major

diseases; brucellosis, babesiosis and foot and mouth disease. FAO/IAEA ELISA kits for these three diseases
are now available and for the most part have now been standardized and fully validated. Thus in the new

programme the emphasis will shift away from kit development and standardization and more towards the

use of the ELISA system to carry out epidemiological studies into the occurrence of disease and its control.
Closely linked to this CRP is a large expansion in the IAEA's Technical Co-operation programme
in animal health in Latin America. Some 12 new Technical Co-operation projects were established in 1991
specifically concerned with strengthening the capability to use ELISA and DNA probe technology for

improving animal disease diagnosis. This has come about largely as a result of this first FAO/IAEA
programme supported by SIDA, and together with the new CRP should provide for an even greater impact
in the region.

Next page(s) left blank
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GENERAL ASPECTS OF IMMUNOASSAYS
IN ANIMAL DISEASE DIAGNOSIS

EXAMINATION OF CHROMOGENIC AND FLUOROGENIC SUBSTRATES IN
SOLID-PHASE ENZYME LINKED IMMUNOSORBENT ASSAYS (ELISA)
J.R. CROWTHER
Institute for Animal Health,

Pirbright Laboratory,
Pirbright, Woking, Surrey,

United Kingdom

Abstract
EXAMINATION OF CHROMOGENIC AND FLUOROGENIC SUBSTRATES IN SOLID-PHASE ENZYME LINKED
IMMUNOSORBENT ASSAYS (ELISA).

Fluorogenic and chromogenic substrates were used in direct and

trapping enzyme linked

immunosorbent assays (ELISA) for the detection of mouse IgG and foot and mouth disease virus (FMDV).
The detection limits for both antigens were compared, using different combinations of enzymes and
substrates. Various times and concentrations of chemicals were used to obtain maximum sensitivity for both

systems. Similar sensitivities were found using fluorogenic and chromogenic substrates. Tetramethyl

benzidine substrate for horse radish

peroridase enzyme conjugates was found to attain the highest

sensitivity levels for chromogenic assays (0.12 ng IgG/ml and 1.0 ng/ml FMDV respectively), after 10 mm
incubation. Of the two fluorogenic enzyme/substrates studied, B-galactosidase was the most sensitive but

required extended incubation times (2-3 h) as compared with chromogenic systems. Special microplates for
fluoro-immunoassay (FIA) were compared with conventional microplates and no advantage was found to

justify their use. An alkaline phosphatase anti-guinea pig conjugate was used to confirm the equivalence of
fluorogenic and chromogenic substrates in terms of sensitivity. A comparison of the amount of signal

generated using various concentrations of enzyme in the absence of antigen was made for two different

alkaline phosphatase conjugates to obtain theoretical sensitivity limits. One possible advantage of fluorogenic
substrates is that high binding ratio can improve the confidence in discrimination of positive results.

1.

INTRODUCTION

Previous reports on the benefits of fluorogenic substrates for increasing the sensitivity of ELISA are

confusing. Shalev et al. [1], indicated that an increase of 1.6-19.5 x 106 was attained using a fluorogenic
substrate and altered conditions over a conventional chromogenic substrate ELISA. Other claims have been

less spectacular (10-100 x) and have emphasised increased or equivalent sensitivities with reduced assay
times. In order to assess any advantages of the use of fluorogenic substrates under routine working

conditions, a relatively simple assay for the direct detection of purified mouse IgG and a more complicated
routine assay were examined with a variety of enzyme/chromogenic and fluorogenic substrate combinations.

17

2.

MATERIALS AND METHODS

Indirect and sandwich solid phase ELISAs as described below were used to compare the sensitivity
of various chromogenic and fluorogenic substrates using commercially available conjugates. Additional

aspects were studied to establish the possible reasons for the differences in sensitivity or signal detection
using fluoro-immunoassay (FIA), as listed below.
(a)

Evaluation of signal generation in the liquid phase using different concentrations of enzyme in the

absence of antigen in FIA.
(b)

Comparison of FIA sensitivity for the detection of mouse IgG, using stored and freshly prepared

fluorogenic substrate reagents for B-galactosidase.
(c)

Comparison of the sensitivity of the alkaline phosphatase (AP) fluorometric system using different types

of microplates, i.e., black and white Micro-FLUOR plates (Dynatech), which are manufactured
specifically for FIA.
(d)

Comparison of the sensitivity and binding ratio attained in FIA, when using various concentrations of
alkaline phosphatase chromogenic and fluorogenic substrates.

2.1.

Antigens
Mouse IgG was prepared from normal mouse serum using protein A affinity chromatography. A

sample with a concentration of 1.8 mg/ml (as estimated from absorbance reading at 280 nm) was stored in

small volumes, samples were thawed only once when used in the tests. Type O-, Swiss FMDV was purified

by linear sucrose density gradient centrifugation by standard methods applied at this Institute. Preparations
were assessed for whole virion antigenic weight by spectrophotometric estimation of virion RNA at 259 nm
and using an established conversion criterion [2],

2.2.

Antibodies

Rabbit antiserum to FMDV type O was obtained from the World Reference Laboratory (WRL)
Institute for Animal Health, Pirbright Laboratory. This reagent is the standard trapping antiserum used in
the routine ELIS A typing protocol and the conditions for its use in the ELIS A are well established [3].
Murine monoclonal antibody B2 against FMDV type O has been well-characterised in this
laboratory.

Guinea pig antiserum to FMDV type O was prepared in a similar way to the rabbit serum and is
the standard detecting antiserum in the FMDV trapping ELISA as used our laboratory.
Conjugates were obtained from commercial sources as shown below.
(a)

Goat anti-mouse IgG, whole molecule, bound to alkaline phosphatase (Sigma, A-515).

(b)

Rabbit anti-mouse IgG, whole molecule, bound to horseradish peroxidase, (Dakopatts P-260, Denmark).

(c)

Sheep anti-mouse IgG, whole molecule, bound to B-galactosidase (Amersham, ELISA Kit).

(d)

Goat anti-guinea pig IgG, whole molecule, bound to alkaline phosphatase, (Sigma, A-7664).
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23.

Substrates/chromogens

2.3.1.

For horse radish peroxidase colorimetric assays

1.

Ortho-phenylene diamine, free base (OPD)

was prepared by adding 0.43g to 1 litre of sodium

phosphate/citric acid buffer, pH 5.0, which was prepared by dissolving: Na2HPO4, 9.15 g; citric acid,
5.11

g; in l l of distilled water. The solution was dispensed in 25 ml fractions and stored at -20°C.

Immediately before use the chromogen was thawed in a 37°C water bath and 15 /il of H2O2 30% v/v
were added to 25 ml OPD solution, 50 /il of substrate solution was added per well and the test was
stopped at 10 minutes by the addition of 50 (A of 1.25M H2SO4. The OD was measured at 492nm using

a multichannel spectrophotometer.
2.

Ten mg of 3'3'5'5' tetramethyl benzidine (TMB,

Sigma, T-2885) were dissolved in 1 ml dimethyl

sulphoxide (DMSO) and 100 /il were added to 10 ml sodium acetate/citric acid buffer, 0.1 M, pH 6.O.
Immediately before use 5 /il of 30% H2O2 were added to 10 ml buffer. The TMB solution was
prepared fresh each time and the buffer was stored at 4°C.

Fifty (A of substrate solution was added per

well and the test read using a multichannel spectrophotometer at 450 nm after stopping with 50 /d of
1.25M H2SO4.
2.5.2.

Alkaline phosphatase colorimetric assay
One para-nitrophenyl phosphate (PNPP) 5 mg tablet (Sigma, 104-105) was dissolved in 5 ml

diethanolamine buffer, pH 9.8. The buffer was prepared by adding 97 ml diethanolamine to 1 litre of 0.01

% MgCl2 dissolved in distilled water; adjusted to pH 9.8 with HCl and was stored at room temperature. Fifty

/il of substrate was added per well and developing colour assessed by multichannel spectrophotometer at
405 nm.
2.3.3.

Fluorogenic assay
The 4-methylumbelliferyl phosphate (4-MUP Sigma, M-8883) substrate was prepared fresh each time

by dissolving 1.25 mg of 4-MUP in 100 ml AMP buffer containing 1.5 mM MgCl2. The AMP pH 10.25
(commercial buffer, Sigma, 960-7) contains: 2-amino-2-methyl-l-propanol, 0.625 M and Triton X-405 0.1%.
Wells received 100 /tl of substrate and were assessed using a multichannel fluorimeter at different times after
addition (excitation/emission 360:450).

2.3.4.

B -galactosidase fluorogenic assay
A 1% (w/v)

solution of 4-methylumbelliferyl-B-galactoside (4-MUG Sigma, 1633), in NN' dimethyl

formamide was prepared; 0.34

0.1M

ml was added to 100ml of lOmM sodium phosphate buffer, pH 7, containing:

NaCl, l.OmM MgCl2, 0.1%

NaN3 and 0.1%

BSA.

The substrate solution was prepared fresh for each assay and the buffer stored at 4°C. Wells

received 100 /il of substrate and were assessed at different times as above using the multichannel fluorimeter.
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2.4.

Buffers and solutions

Adsorption buffer was carbonate-bicarbonate 0.05M, pH 9.6.
Washing buffer was PBS, pH 7.5, containing 8.50 g NaCl, 0.32 g NaH2PO4, 1.10 g Na2HPO4
dissolved in 1 litre of distilled water. Assays involving alkaline phosphatase included a washing step using

distilled water before addition of chromophore/fluorophore substrates.
Blocking buffer was PBS pH 7.5 as above, containing 1% BSA, 0.05% Tween-20, 0.1% phenol red. This
was stored at -20°C until use.
Stop solution was 1.25M sulphuric acid prepared by adding 57 ml of concentrated sulphuric acid to
1 litre of distilled water. This was stored at room temperature.

2.5.

Equipment

Microplates: Polystyrene, 96 well-microtitre plates (Nunc Immuno-I) from the same batch were used

for most of the tests.
Black or white Micro-FLUOR plates (Dynatech).

Multichannel spectrophotometer: Titertek Multiskan MCC, Flow Laboratories.
Multichannel fluorimeter (MicroFLUOR reader, Dynatech).

Orbital shaker (Rotatest, Luckhams, Kent).
2.6.

Immunoassays

2.6.1.

Detection of mouse IgG
Test conditions result from preliminary experiments to optimise reagents for each of the different

enzyme/substrate systems. These were performed by chessboard titrations of antigen against different
concentrations of enzyme. Polystyrene plates were coated with dilutions of mouse IgG diluted in 50 fj,\
adsorption buffer by overnight incubation at 4°C. A dilution range from 900 ng/ml in three-fold steps across

10 wells was satisfactory for all systems assessed. Usually each concentration of IgG was measured in
octuplicate. The last 2 columns received only adsorption buffer. The plates were then washed by flooding
and emptying 4 times with PBS and then blotted free from residual buffer. Various conjugates were then

added (50 /il) at optimal dilution in blocking buffers; these were anti-mouse B-galactosidase at 1/200,
anti-mouse alkaline phosphatase at 1/500 and anti-mouse horse radish peroxidase at 1/1000. The plates were
then incubated at 37°C for 1 hour while being rotated to facilitate the reaction of antigen and antibody. The
plates were then washed and appropriate substrates added for the respective enzymes using published

optimal concentrations. Plates were left stationary at room temperature (20°C) in a moisture box to prevent
drying out and light affecting the assays. The various anti-mouse systems examined are summarised below.
(i)

HRPO OPD/H2O2 chromogenic substrate

(ii) HRPO TMB/H2O2 chromogenic substrate
(iü) AP PNPP
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chromogenic substrate

(iv)

AP

4-MUP

fluorogenic substrate

(v)

B-GAL 4-MUG

fluorogenic substrate

For the chromogenic systems different times of incubation with substrate/chromophore were
examined. The fluorogenic substrate reactions were monitored over 16 hours.
Several plates were set up for each of the specific systems examined, and the test was repeated on

different days.
The same system was used to compare the detection limits for mouse IgG adsorbed to Dynatech
black and Dynatech white plates recommended for use in fluorimetric assays. Here the AP 4-MUP was

compared to PNPP substrate. Experiments to compare the detection limits of the AP using increased
concentrations of PNPP (2 x and 10 x) and 4-MUP (10 x and 100 x) were made using the same plate
formats.
2.Ö.2.

Detection of FMDV

Microtitre plates were coated by passive adsorption of rabbit anti-type O FMDV serum diluted
1/3000 in adsorption buffer (50 (A) and incubated at 4°C overnight. Plates were washed in PBS and blotted

as described above. Purified type Ol Swiss FMDV was then added across 10 well in octuplicate as a two-fold
dilution series (50 /zl) beginning at a dilution of 500 ng/ml, in blocking buffer. The last 2 columns contained
buffer only. Plates were incubated at 37°C for 1 hour while being rotated. After washing in PBS, 50 fjl of

a 1/1000 dilution of the monoclonal antibody B2 was added to each well diluted in blocking buffer, the plates
were then incubated for 1 hour at 37°C while being rotated. After washing and rinsing in distilled water, each

plate received 50 ß\ of the various enzyme conjugates as described above. The procedure for the development
of the systems using the various substrate combinations was also as described above.
The same system was also examined where the monoclonal anti-FMDV was replaced by guinea pig
anti-type O FMDV (1/500) as the detecting serum. An anti-guinea pig alkaline phosphatase conjugate was

used to detect bound antibody in all plates. Thus a direct comparison of the detection limits of FMDV was
studied using the same conjugate under identical conditions to compare PNPP with 4-MUP, both of which
were compared to results using B-Gal anti-guinea pig and 4-MUG substrate.

2.6.3.

Titration of enzyme activity
Two alkaline phosphatase enzyme conjugates (anti-mouse and anti-guinea pig) were diluted in

diethanolamine (ELISA) buffer in octuplicate across microtitre plates (50 ^1 3-fold range) starting from a
dilution of 1/200 and diluting over 10 wells. The last 2 columns served as reagent blanks. The substrates
4-MUP and PNPP (50 pi) were then added, plates were then monitored for colour development or
fluorescence at different times.
3.

RESULTS

3.1.

Titration of mouse IgG

In each experiment the background levels were measured from control wells which had received no

IgG, i.e. 2 columns of 8 wells = 16 wells. The mean and the standard deviation from the mean of these data
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was calculated. The value equal to this plate mean plus 3 standard deviations was taken as the cut-off limit
for detection of IgG for a particular plate. The mean of the test wells (octuplicates) was measured and
graphs constructed relating the signal to the concentration of mouse IgG. Where the graph crossed the mean

negative control value plus its 3 standard deviations, the concentration of the mouse IgG was calculated and
this was taken as the minimum detection limit under the conditions of the assay. The standard deviation
expressed in the tables is that of the mean test point (octuplicates) with respect to the fixed background

mean, expressed as antigen concentration.

3.2.

Titration of FMDV

A similar exercise was performed for the detection of FMDV. Tables I and II show the minimum
detection levels for mouse IgG and FMDV repectively. The plate to plate and day to day variation for all

the assays was similar (10%) and did not affect the relative results.
Table III shows the detection of FMDV using the guinea pig serum and AP or B-Gal conjugates

with various substrates under maximum detection level conditions.
Table IV shows the results of titration of 2 conjugates against different substrates. The results
represent the dilution of conjugate (enzyme) which generated no signal above the mean background signal
plus 3 standard deviations.

Table V shows the results comparing the use of commercial black or white microplates with normal
ELISA plates for the minimum detection of mouse IgG using the AP enzyme conjugate and 4-MUP
substrate. The conditions for the experiment were as described above, the fluorescence was read at 2 hours

TABLE I. DETECTION LIMITS OF MOUSE IgG USING DIFFERENT ENZYME/SUBSTRATES

Enzyme

Substrate

Time

Limit(ng/ml)

SD

HRPO

OPD

10 min

O.25

0.07

HRPO

TMB

10 min

0.12

0.03

AP

PNPP

1h

0.95

0.07

2h

0.40

0.08

3h

0.32

0.04

16 h

0.22

0.08

Ih

0.38

0.08

2h

0.27

0.08

3h

0.28

0.11

16 h

0.35

0.12

Ih

0.19

0.04

2h

0.10

0.03

3h

0.13

0.03

16 h

0.15

0.04

AP

B-Gal
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4-MUG .

4-MUG

TABLE II. DETECTION LIMITS FOR FMDV USING MOUSE MONOCLONAL B2
Enzyme

Substrate

Time

Limit (ng/ml)

SD

HRPO

OPD

10 min

1.9

0.4

HRPO

TMB

10 min

1.1

0.3

AP

PNPP

1h

8.7

0.5

2h

4.0

1.3

3h

4.0

0.7

16 h

5.0

0.7

1h

3.2

2.4

2h

3.2

2.2

3h

4.1

1.0

16 h

7.6

0.2

1h

5.1

0.2

2h

1.6

0.1

3h

1.0

0.2

16 h

1.4

0.5

AP

4-MUP

B-Gal

4-MUG

TABLE III. DETECTION OF FMDV USING ANTI-GUINEA PIG SERUM
Enzyme

Substrate

Time

Limit (ng/ml)

SD

AP

PNPP

2h

5.0

1.5

AP

4-MUP

1h

3.0

0.8

B-Gal

4-MUG

3h

1.0

0.3

TABLE IV. EXTINCTION VALUES FOR AP CONJUGATES
Time

Anti-mouse-AP

Anti-guinea pig-AP

PNPP 4-MUP

PNPP

4-MUP

10 min

0.51

0.77

2.00

2.00

1 hr

4.10

8.00

8.00

2hr

16.40

32.00

128.00 512.00

32.00

Figures equal conjugate dilution x lO'6.
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Fig. 1. The effect of increasing the concentration o/4-MUP using AP conjugate to detect different concentrations of mouse IgG.
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TABLE V. DETECTION OF MOUSE IgG ON DIFFERENT MICROTITRE PLATES
Plate

Minimum IgG (ng/ml)

SD

Normal

0.62

0.09

Black

0.57

0.08

White

2.10

0.37

after addition. The effect of increasing the concentration of 4-MUP using AP conjugate to detect different
concentrations of mouse IgG added to normal microplates is shown in Fig 1.
The fluorescence was measured at 30, 60 and 90 minutes after addition of substrate, the results
represent the mean for 8 wells coated with the IgG concentrations expressed as binding ratios (mean signal

value of detected IgG divided by the mean control value of uncoated wells containing substrate only plus 3 x
SD of the mean).
Fig. 2 shows a dilution curve for the detection of mouse IgG using AP with 1 x and 10 x

concentrated 4-MUP. The curves relating mouse IgG dilutions to OD using normal strength, 2x and lOx
concentrated PNPP and AP conjugate are shown in Fig. 3 where the results are expressed as binding ratios

by dividing the OD in the IgG wells by the mean value from the control well means plus 3 SD. Comparison
of the PNPP at 2 x concentration is compared to the normal concentration in Fig. 4.
Fig. 5 compares the effect of using freshly prepared 4-MUG with B-GAL conjugate. The

chronological development of fluorescence is measured for the detection of mouse IgG coated wells at three
concentrations. An illustration of a general observation on titration curves obtained for chromogenic and
fluorogenic substrates is shown in Fig. 6. The results for the detection of mouse IgG using AP and PNPP

are compared to those for AP and 4-MUP and are expressed as binding ratios (signal for 8 IgG coated
wells/ mean 8 control negative wells).

4.

DISCUSSION

Similar sensitivities (minimum detection limits) were found using chromogenic and fluorogenic
substrates under optimal conditions. Table I which summarises the results, shows that the most sensitive
systems for the direct detection of mouse IgG was B-GAL and 4-MUG at 2 hours after substrate addition,
however the results for all the combinations were similar (within a 4 fold range excluding the 1 hour result

for PNPP and AP). The best chromogenic substrate and enzyme conjugate combination gave the same
results but required only 10 minutes incubation with substrate. The different specific activities of enzyme

conjugates (active enzyme conjugated to specific antibody) cannot be excluded as affecting the ultimate
sensitivity of each assay, however, the same conjugate (AP) was used in both fluorogenic and chromogenic
assays with the same result.
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Fig. 2. Dilution curve for the detection of mouse IgG using AP and 2 concentrations of 4-MUP.

40 -i

30 -

CO

if 20
XI

c

in

O
O •

10 -

5

6

-Log 10 IgG dilution
PNPPxl PNPPx2 PNPPx10

—a—

--A ••

o

Fig. 3. Comparison of mouse IgG dilutions to ODs using normal strength, 2x and 10 x concentrations PNPP.
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Fig. 4. Comparison of the PNPP at normal and 2 x concentration.

The detection of FMDV (Table II) showed similar relative results for all combinations. Generally
the sensitivity was lower since the trapping assay gave higher background values for all the systems. Again

the OPD/TMB and B-GAL/4-MUG were the most sensitive assay systems. Use of the same conjugate (AP)
showed no advantage for the fluorogenic substrate (Table III). A major reason for the similarity of results
is indicated in Table IV where enzyme conjugates were diluted and relevant substrates added. Only a 2-fold
(anti-mouse AP) and a 4-fold (anti-guinea pig) increase in minimum detection of enzymic activity was
achieved using the 4-MUP fluorogenic substrate, which reflects the small increase in sensitivity observed in
this system in actual tests. There was no advantage when using the black or white plates designed for use
with fluorogenic assays. The white plates were inferior for the detection of mouse IgG, however their binding
capacity for this particular protein may be less than the black or normal plates and other proteins could be
examined. The black or white plates are expensive and offer no advantage over conventional ELISA plates.
Increasing the concentrations of 4-MUP and PNPP increased the signal. The optimal concentration
of PNPP was 2 x that recommended and the 4-MUP 10 x. However, increases in minimum detection levels
of IgG were small for both systems using the same conjugate. It was necessary to use fresh 4-MUG

otherwise sensitivity was reduced. Generally these results are disappointing since it was hoped that a
substantial increase in sensitivity using fluorogenic substrates might be achieved. One advantage is that high
binding ratios for detecting low levels of antigen are obtained using the fluorogenic substrates at
concentrations near to the detection limits of the system. This is not true for chromogenic substrates where
a large number of replicates are needed to achieve suitable confidence in results. This is illustrated in Figure
6 where at 2 x and 4 x the detection limit for the 4-MUP system binding ratios of 2.4 and 3.7 are found.
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Fig. 5. Comparison of freshly prepared 4-MUG with B-GAL conjugate.

3

4

Time (hrs)

I Fresh substrate O Old substrate

C 4
4

o

PNPP

V

l
CD
C

T3

m 3

.A''

4-MUP

Mouse IgG (ng/ml)

g. d Comparison of the detection of mouse IgG using AP and PNPP with AP and 4-MUP.

In the PNPP system the binding ratios are much smaller. The sudden decrease in binding ratios
when using the fluorogenic substrates accounts for the relative lack of sensitivity. The extrapolated titration

curve from the near minimum end-point detection data would extend the sensitivity to 100-1000 x that of the
ELISA. One useful exploitation of the high binding ratios at low concentrations of analytes is in the detection
of low concentrations of monoclonal antibodies in initial screening of tissue culture supernatants. Here,
duplicate samples can be assessed with confidence by fluorogenic substrate ELISA as compared to the many
replicate samples needed to establish positivity by chromogenic ELISAs. Difficulties in the use of the
fluorimeter were found in that the plates had to be 'seated' carefully to obtain reproducible results. Due to
the high cost of the reader it cannot be recommended that the use of fluorogenic substrates in ELISA offers

significant advantages over 'conventional' ELISA using chromogenic substrates.
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Abstract
HOW WELL DO SERODIAGNOSTIC TESTS PREDICT THE INFECTION OR DISEASE STATUS OF ANIMALS?

Sérodiagnostic test results do not always predict the disease status of an animal as might be

expected. When few false negative and few false positive test results are reported for a test (high test

sensitivity and specificity), the assumption is that the test is a very accurate predictor of infection/disease
status. This assumption is correct if the disease prevalence is high. However, when disease prevalence drops
to, for instance, 0.1%, such as may occur after several years of a vaccination campaign, a test having a
sensitivity of 99% and a specificity of 99% becomes a poor predictor of infected animals: in this scenario,

a positive test result will be wrong 91% of the time. A negative test result, however, virtually always will
correctly identify uninfected animals when prevalence of infection remains low. The purpose of this paper
is to offer an intuitive approach toward an understanding of the statistical terminology associated with

sérodiagnostic test results. It also provides a simplified method for computing the reliability (predictive

value) of test results. The differential diagnosis is better served when the strengths and weaknesses of
serotest results are fully understood.

1.

INTRODUCTION
Differential diagnosis in veterinary medicine is usually influenced significantly by laboratory test

results. In telephone consultations with veterinarians, questions are often raised about the reliability of
diagnostic test results and the inferences that can be made from them. When a test result is reported by a
laboratory as positive at a given titer, can one always conclude that the animal is infected with the agent in

question? When laboratories or companies provide an interpretation statement for test results but give no
indication of the likelihood that the results may be errant, does a positive test result always reflect an

infected/diseased animal and a negative test result signify that the animal is not infected?

When a

manufacturer claims, for instance, a 97% specificity and 97% sensitivity for a test kit, can it be surmised that
an incorrect result will occur only about 3 of 100 times the test is run? The answer to all of these questions
is no.
To further confuse the interpretation of serological test results, the terminology used to describe the

test's expected performance or interpretation of test results, may have several meanings. The terms
sensitivity and specificity are often used erroneously to predict whether a positive or negative test result will
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TABLE I. A DESCRIPTION OF AN HYPOTHETICAL POPULATION OF 1000 ANIMALS
OF KNOWN INFECTION STATUS IN TERMS OF TEST RESULT SENSITIVITY AND
SPECIFICITY
Sérodiagnostic Test Result

Infection Status

Number of

Classification

observations

100 Infected/diseased
animals
900 uninfected

animals

90 tested Positive

90% Sensitive

10 tested Negative

False Negative

810 tested Negative

90% Specific

90 tested Positive

False Positive

Sensitivity - The proportion of infected/diseased animals that test positive.
Specificity - The proportion of uninfected animals that test negative.

reflect the disease status of an animal. They do not. Sensitivity and specificity (Table I) are intrinsic
characteristics of the test and also reflect the degree of meticulousness with which the test is run. As

described below, the prevalence of infection/disease also must be known or estimated before one can
determine the probability that a test result accurately reflects the infection/disease status of the animal. But
even when these factors are known, the statistical terminology that describes the test may frustrate those not
versed in statistical inferences, leading to further misunderstandings in interpreting the test's performance.

The veterinarian knows intuitively, for an animal exhibiting obvious signs of certain diseases, that

a positive test result confirms the diagnosis. Alternatively, for a healthy animal having a history that is
completely inconsistent with exposure to a particular disease agent, the veterinarian intuitively begins to
question a positive test result and usually seeks confirmation of the diagnosis through additional testing.

Although intuition gained through practice is helpful, it would be desirable to have a simple scientific basis
for concluding what we feel to be intuitively correct. Accordingly, the veterinarian needs to know, in direct
and unambiguous terms, the capacity of a test result to predict the infection or disease status of the animal.
The purpose of this paper, therefore, is to review the implications of a given serotest result using statistics
applied in a simple and intuitive manner and to offer some precautions when interpreting test results.

1.1.

Criteria for evaluation of sérodiagnostic test results

If a perfect test could be devised, all infected animals would test positive (100% sensitivity) and all
uninfected animals would test negative (100% specificity). Because of limitations in current diagnostic test

technology, errors introduced by technicians, and because of biological variables among animals that are the
subjects of the tests, it has been impossible to devise the perfect test. We must, therefore, be satisfied with
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test results that merely predict the infection status of the animal, knowing that there will be several sources

of error in the prediction1. The question then is how to assess a test result for its reliability (its degree of

"correctness" also known as the predictive value of the test). There are three essential criteria that need to
be assessed when determining the reliability of a test result:

1.1.1.

What is the estimated prevalence of the infection/disease for a population of animals that represent

the animal in question? For instance, one might expect animals crowded together in an highly contaminated
environment to have a higher prevalence of certain infections than animals roaming in large open spaces.

1.1.2.

What is the sensitivity and specificity of the test? Were they determined properly experimentally?

Were the samples, used in determining these criteria, from animals that were proven for their infection

status? To what extent did the technician contribute to reduced test sensitivity and specificity? Information
on these factors is usually available from the company producing the test kit or the laboratory conducting

the tests.
1.1.3.

What is the reproducibility of the test when comparing results between animals and between

different runs of the assay? Is the test "robust", i.e. does it give the same results even when the technician
was relatively careless or does it require exquisite care to obtain the same result in two successive runs of
the test?

12.

A positive test result: the effect of prevalence of infection/disease on its interpretation

Of the three elements listed above, probably the most neglected and misunderstood is the effect of

infection/disease prevalence on the reliability of a test result. If the infection/disease prevalence is high,
even a fairly inefficient diagnostic test will have a reasonable likelihood of accurately predicting the status

of the animal. For instance, if 40% of the animals are infected in the population, and the test has a
sensitivity of only 70% and a specificity of 80%, a positive test results is still likely to detect about 70 % of

infected animals (Table II). Should the infection/disease prevalence drop, for instance, to 0.1% as a result
of an effective vaccination campaign, we intuitively know that a positive test result is more suspect for an

animal from such a population than when the prevalence is high. Indeed, even a very improved test (99%

sensitivity and 99% specificity) will give a greater number of errant than correct results when the prevalence
is very low. In fact, only about 1 of 10 positive test results will accurately predict an infected animal; actually,

91% of those positive test results will be erroneously positive (Table II). Although a much more specific
and sensitive test was used in the latter case, a drop in disease prevalence had a marked detrimental effect
1

1n this paper, estimates of diagnostic test reliability (predictive values of test results) are given as single values.

Statistically, there is an element of error associated with each point estimate that ordinarily would be accounted
for by calculating confidence intervals (CIs). We have chosen to not include the CIs to make the illustrations

less confusing. The reader should thus be aware that the probability values in the tables are approximations of
the given point estimates.
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TABLE II. A REFERENCE CHART TO ESTIMATE THE PROBABILITY (IN PERCENT;
SHADED AREA) THAT A POSITIVE TEST RESULT INDICATES THAT THE ANIMAL
IS INFECTED/DISEASED

Sensitivity- >
Specificity- >

99%

99%

98%

95%

90%

80%

70%

50%

25%

0.1%

9

5

2

1

0.5

0.3

0.2

0.1

1%

50

33

17

9

5

3

2

1

5%

84

72

51

34

21

15

9

7

10%

92

84

68

52

35

27

18

13

20%

96

93

83

71

55

45

33

25

30%

98

96

89

81

68

59

46

36

40%

98

97

93

87

77

69

57

47

50%

99

98

95

91

83

77

66

57

Disease
Prevalence

on the ability of a positive test to predict infected animals. So, when infection/disease prevalence is low,

confirmatory testing is helpful in clarifying the differential diagnosis.
The reasons for the effect of decreasing infection/disease prevalence on reliability of the positive

test result may not be clear; an example may clarify the point. For purposes of this example, assume that
the test has been properly developed by the laboratory or manufacturer and that the technician introduced
no errors in conducting the test. How reliable is a positive test result if the estimated prevalence of
infection/disease in the population is 1% and the test kit has a known sensitivity and specificity of 90%?

For a population of 1000 animals that are representative of the animal in question:
(1)

of 10 infected animals (1% of 1000 = prevalence), 9 will test positive (because the test's
sensitivity is 90%);

(2)

of 990 uninfected animals 891 will test negative (specificity of 90%) leaving 99 uninfected
animals that will have erroneously positive test results;

(3)

although only 10 animals of 1000 are actually infected, the test gave positive results for 108
animals (9 positive test results from infected animals and 99 erroneously positive tests from

uninfected animals);

(4)

thus, only 8.3% (9/108) of positive test results will correctly identify an infected animal.

Obviously, 91.7% of the positive test results will be erroneous (false positive).
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TABLE II. (cont.)

70%

Sensitivity- >

99%

98%

95%

90%

80%

70%

50%

25%

0.1%

7

3

1

0.7

0.4

0.2

0.1

0.1

1%

41

26

12

7

3

2

1

1

5%

78

65

42

27

16

11

7

5

10%

88

80

61

44

28

21

13

9

20%

95

90

78

63

47

37

26

19

30%

97

94

86

75

60

50

38

29

40%

98

96

90

82

70

61

48

38

50%

99

97

93

88

78

70

58

48

Specificity- >

Disease
Prevalence

INSTRUCTIONS: Estimate the disease prevalence of the population of animals from which the
patient is derived and determine sensitivity of the test from published information or data from
laboratory/company. Find the prevalence figure and read across to the probability value in the
shaded column under the test's specificity. NOTE: Sensitivities of only 99% and 70% are shown
because sensitivity has a limited effect on the ability of a positive test result to identify an infected
animal. Interpolate for other sensitivities: for example, if the test's sensitivity is 85% (not shown),
the specificity is 95%, and the disease prevalence is estimated at 5%, the chance that the test is
accurate is about 47% (half-way between 51% and 42%).

The calculated results (Table III, lines 1 and 2) reveal the considerable impact of increasing
infection/disease prevalence upon the capacity of a positive test result to predict an infected animal. When
the infection/disease prevalences of 1% and 30% are compared, the probability that a positive test result
will identify an infected animal jumps from 8.3% to 79.4%. Table III provides examples of calculated test
reliability and is intended primarily for those who wish to follow the logic and calculations in determining
the probability with which a positive test result will predict infection status (the predictive value of a positive

test).
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TABLE III. AN INTUITIVE METHOD FOR DETERMINING THE RELIABILITY (PREDICTIVE VALUE) OF A POSITIVE
TEST RESULT.

Steps in calculation:

1) Arbitrarily choose a population size of 1000 animals.

2) Estimate the infection/disease prevalence in the population that represents the animal you are testing
and insert in the table below.

3) Insert Sensitivity and Specificity of test (provided by company or published literature).
4) Calculate reliability (known as predictive value to statisticians) of a positive test result.

A

B

C

D

E

F

Infected
size of
population

Estim.
infection or

Sensitivity of
test

No. that
test
positive
(True
Pos)

AxB

CxD

prevalence

H

I

No. of
animals

No. that
test
positive
(False
Pos)

Total no.
of
positive
test
results

Reliability of
positive
test
result

A- D

(100%-F)
xG

E+H

(E4)
x 100

Uninfected

No. of
animals

disease

G

Specificity of
test

1000

1%

90%

10

9

90%

990

99

108

8.3%

1000

30%

90%

300

270

90%

700

70

340

79%

1000

1%

98.3%

10

9.8

98.3%

990

16.8

26.6

37%

1000

30%

98.3%

300

275

98.3%

700

11.9

287

96%

1000

--

--

--

TABLE IV. A REFERENCE CHART TO ESTIMATE THE PROBABILITY (IN PERCENT;
SHADED AREA) THAT A NEGATIVE TEST RESULT INDICATES THAT THE ANIMAL
IS NOT INFECTED

99%

Sensitivity- >

99%

98%

95%

90%

80%

70%

50%

25%

0.1%

100

100

100

100

100

100

100

100

1%

100

100

100

100

100

100

100

100

5%

100

100

100

100

100

100

100

100

10%

100

100

100

100

100

100

100

100

20%

100

100

100

100

100

100

99

99

30%

100

100

100

100

99

99

99

98

40%

99

99

99

99

99

99

99

97

50%

99

99

99

99

99

99

98

96

Specificity- >
Disease
Prevalence

13.

A negative test result: the effect of prevalence of infection/disease on its interpretation
Using the same scenario as outlined above, a drop in prevalence of infection/disease from 30% to

1% has a minimal effect upon the capacity of a negative test result to detect animals that are not infected
(Table IV). In our example:

(1)

of 10 infected animals, 9 will test positive (sensitivity of 90%) leaving 1 infected animal that
will test erroneously negative;

(2)

of the 990 uninfected animals, 891 will test negative (90% specificity);

(3)

although 990 animals of 1000 are actually infected, the test was negative for 892 animals
(891 negative test results from uninfected animals and 1 erroneously negative test result
from an infected animal);

(4)

thus, 99.9% (891/892) of the negative test results will correctly identify uninfected animals.

When the estimated infection/disease prevalence is 30%, a negative test result still detected 95%
of the uninfected animals (Table V). When the prevalence of infection/disease is greater than 5% for a test

having a sensitivity of 99.9%, even if test specificity falls to 20%, greater than 99% of negative test results
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TABLE IV. (cont.)
Sensitivity- >

70%

99%

98%

95%

90%

80%

70%

50%

25%

0.1%

100

100

100

100

100

100

100

100

1%

100

100

100

100

100

100

100

99

5%

98

98

98

98

98

98

97

94

10%

97

97

97

96

96

95

94

88

20%

93

93

93

92

91

90

87

77

30%

89

88

88

88

86

84

80

66

40%

83

83

83

82

80

78

71

56

50%

77

77

76

75

73

70

63

45

Specificity- >
Disease
Prevalence

INSTRUCTIONS: Estimate the infection/disease prevalence of the population of animals from
which the patient is derived and determine sensitivity and specificity of the test from published
information or data from laboratory/company. Find the prevalence figure and read across to the
probability value in the shaded column under test's specificity. NOTE: Sensitivities of only 99%
and 70% are shown because sensitivity has a limited effect on the ability of a negative test result

to correctly identify a non-infected animal.

will be accurate. A negative test result is thus much more resistant to the effect of decreasing
infection/disease prevalence and thus is very reliable in predicting that an animal does not have an
infection/disease. A worksheet with instructions for its use is provided (Table V) to calculate the predictive
values of a negative test result.

1.4.

Hidden factors that may affect test sensitivity

As stated above, the proportion of infected/diseased animals that test positive is the test's sensitivity.
In the above examples, the reliability of a test result was not only a function of disease prevalence, but also

was greatly dependent upon the sensitivity and, to a lesser extent, upon the specificity of the test.
Unfortunately, the way in which sensitivity and specificity are determined is variable because it
depends upon the test developer's choice of standards. In development of a test, a criterion for comparison
(often known as the "gold standard") is chosen. It is the standard against which the serotest results are
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evaluated. The most accurate gold standard is a large group of sera from animals of absolutely proven
infection status that represent the general population of animals. Calculation of test sensitivity, using such

a gold standard, is the most accurate method of determining diagnostic sensitivity.
During test development, it is often difficult to obtain enough serum samples representing animals

proven for their infection status. Test developers may select sera that have been evaluated by another
laboratory test. When a test is developed, for which the gold standard is another test result (not the proven
infection status of the animals), the calculated sensitivity is known as relative sensitivity. Because the test

under development and the test used for comparison both have intrinsic sources of error, by definition the
stated sensitivity of the test under development will be more errant. The amount of error introduced is

directly related to the accuracy of the reference test. Confidence in test results in contingent upon an
assurance that the gold standard was the best possible approximation/proof of the infection status of the
animals in question.

Unfortunately, test kit manufacturers and laboratories do not always report how the test sensitivity

was determined. Serotests for Lyme disease of animals are a case in point. Extreme difficulty has been
encountered in attempts to identify animals of proven infection status so the diagnostic sensitivity of

laboratory tests for Lyme disease is actually unknown. Some commercial laboratories assays have been
developed assuming that the differentiation (cutoff) between positive and negative test results mimics what
occurs in humans and thus choose an arbitrary cutoff of 1:64. There is no way to estimate whether such test
results are correct; in fact, results from such tests are an expensive, usually uneducated guess.

1.5.

Hidden factors that may affect test specificity

As stated above, the proportion of uninfected animals that test negative is the test's specificity. As
seen in Table IV, when the infection/disease prevalence is low, the reliability of a negative test result is
excellent even when the test specificity is only 25%. As test sensitivity falls, a negative test result is still a
good predictor that an animal is negative, as long as the infection/disease prevalence is <10% (Table IV).
In our experience, the principal contributor to false positive results for in-house ELISA tests is not
the reagent in the test kit; rather it is technician error. If the reaction vessels are not washed sufficiently

between steps, color develops leading to false positive reactions. We are often asked by veterinarians for
confirmation of their positive feline leukemia virus ELISA test kit results. We frequently find no evidence
of feline leukemia upon retest which confirms observations of others [1].

1.6.

Predicting the infection/disease status of animals via IFA or VN and ELISA

To predict the reliability of a positive or negative test result, we have seen that diagnostic sensitivity,

specificity, and disease prevalence must be known. Sensitivity and specificity data are usually available from

published literature. Let us use infection of cats with the feline leukemia virus (FeLV) as an example. In
studies conducted over the past 18 years, Hardy and Zuckerman [1] have determined that for 348 samples
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TABLE V. AN INTUITIVE METHOD FOR DETERMINING THE RELIABILITY (PREDICTIVE VALUE) OF A NEGATIVE
TEST RESULT

Steps in calculation:

1) Arbitrarily choose a population size of 1000 animals.

2) Estimate the infection/disease prevalence in the population that represents the animal you are testing
and insert in the table below.

3) Insert Sensitivity and Specificity of test (provided by company or published in literature).
4) Calculate reliability (known as predictive value to statisticians) of a positive test result.
A

B

C

D

E

F

Infected
size of
population

Estim.
infection or
disease
prevalence

Sensitivity of
test

No. of
animals

H

I

No. that
negative
(True
Neg)

Total no.
of
positive
test
results

Reliability of
negative
test
result

A - D

FxG

E+H

(E*I)
xlOO

G

Uninfected

No. that
test
negative
(False
Neg)

AxB

(100% C) xD

Specificity of
test

No. of
animals

test

1000

1%

90%

10

1

90%

990

891

892

99.9%

1000

30%

90%

300

30

90%

700

630

660

95.4%

1000

1%

98.3%

10

< 1

98.3%

990

990

990

100%

1000

30%

98.3%

300

5.1

98.3%

700

688

693

99.3%

1000

--

--

--

tested by viral isolation of the feline leukemia virus (their gold standard) and by indirect immunofluorescence
(IFA):
(1)

The IFA test was 98.3% sensitive and 98.3% specific.

(2)

Based on a 1% prevalence of infection/disease, a positive IFA test will predict 37% of

infected cats (calculated using Table V, lines 3 and 4). 63% of positive IFA test results will

be falsely positive.
(3)

If the infection/disease prevalence is 30% such as in a multiple cat household where FeLV

is known to exist, positive IFA test results would accurately reflect the FeLV status of the
cat in 96% of samples tested (Table III).
(4)

The predictive values for a negative IFA test result are 100% and 99.3% when the disease

prevalence is 1% or 30%, respectively (Table III, line 4); again, a negative test result is a

strong indicator that the cat does not have an FeLV infection.
Several early comparison studies have shown considerable discrepancy between the IFA test and
ELISA [2-7]. Later studies, probably reflecting improved test kits and more experience in their use, have

suggested greater concordance between ELISA and IFA [8-11]. Generally, the studies on FeLV commercial
test kits have indicated that ELISA false negative rate is very low, resulting in a sensitivity that exceeds 98%
when based on an IFA gold standard. The ELISA false positive rate (with IFA or virus isolation as the gold
standard) has been higher. Assume for purposes of this study, that in a veterinarian's office, false positive

results occur among 10% of all samples tested. The reliability of ELISA is then calculated as follows:
(1)

The ELISA is 99% sensitive and 90% specific.

(2)

Based on a 1% disease prevalence, a positive test result will accurately predict 9.1% of
infected cats. Nine of 10 positive test results will be errant.

(3)

If disease prevalence 30%, the predictive value of a positive test increases to 81%.

(4)

The reliability of a negative ELISA test is virtually 100% when the FeLV prevalence is
either 1% or 30%.

2.

CONCLUSION

When evaluating a sérodiagnostic test result, the veterinarian should first consider whether the
animal is at high risk (from a high prevalence group) or at low risk (from a low prevalence group) for the

condition under consideration. If the test result is positive, a different interpretation is required depending
on the level of risk. A positive test result for an animal in a low risk group has a much greater probability

of being errant than the same test result for an animal in a high risk group. For a test reported by the

manufacturer to have a very high sensitivity (99%) and specificity (99%), a positive test result may be very

misleading if the technician using the test is sloppy. For such a test, even if the technician is meticulous, a
positive test result for a very low-risk animal (from a group having a low infection/disease prevalence rate

of about 0.1%) should cause the practitioner to seriously question that positive test result; it is most likely
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errant. Conversely, negative test results are good prognosticators of non-infected animals even if the
sensitivity and specificity of the test are not so good. As infection/disease prevalence for FeLV testing falls

due to vaccination and test and removal programs, an ELISA positive test result should be confirmed by

retesting on ELISA or by IFA.
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Abstract
SPECIFIC QUANTIFICATION OF WHOLE VIRIONS OF FOOT AND MOUTH DISEASE VIRUS IN A SANDWICH ELISA
USING A MONOCLONAL ANTIBODY.

A monoclonal antibody (MAb) against a linear determinant on foot and mouth disease virus
(FMDV) Ol Swiss VP1 (amino acids 140-160) has been used to specifically measure the weight of whole

particles (146S) in the presence of subunits (12S). The MAb is used both as capture antibody, when
attached to a microtitre plate, and as detecting reagent conjugated with horse radish peroxidase. The test
also offers a qualitative assessment of antigen, since the epitope detected is sensitive to trypsin and other

proteolytic enzymes in tissue culture supernatants. This offers a specific and sensitive assay for the
measurement of immunogenic particles during vaccine manufacture without the need for sucrose density
gradient centrifugation and use of polyacrylamide gel electrophesis to analyse possible VP1 cleavage.

1.

INTRODUCTION

The integrity of foot and mouth disease virus capsids is essential for the production of potent

vaccines. During infection of tissue culture cells, whole virus particles containing the virus RNA (146S) and
capsomeres (12S) are the major antigenic components; empty particles (75S) may also be produced which

do not contain RNA. The 146S produced is subject to change by chemical and physical factors which may
cause degeneration into 12S particles, in particular by low pH (below 6.7) and elevated temperatures. The

immunogenicity of the 146S may also be affected by the presence of cellular proteolytic enzymes which may
cleave virion proteins although the virions remain intact. This has been observed particularly in vaccines that
have been concentrated and stored, where VP1 of the capsid is cleaved. Ideally, in the manufacture of
vaccines it is essential to measure the 146S content of preparations before formulation and examine any
relevant antigenic changes. The standard method for the estimation of virus weight is that using sucrose

density gradient (SDG) centrifugation. Samples of clarified, inactivated infected tissue culture are centrifuged
under standardised conditions, the gradient is analysed by collecting fractions and examining the absorbance

at 259 nm. This measures the RNA content in the fractions and the weight of virus is estimated according
to a standard formula. The expected 146S position of the RNA peak also determines the intactness of the
virions. This procedure is laborious, subject to methodological errors, requires an ultra centrifuge, is limited
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to analysis of a few samples and is not adaptable to continuous testing throughout the manufacturing

process; so that optimum times of whole particle production cannot be assessed. The method also gives
no indication as to antigenic changes which might affect vaccine potency. An immunoassay which measures

whole particles could solve all of these criticisms. MAb binding studies have shown that many antigenic sites
are shared on 146S and 12S from any particular serotype of foot and mouth disease virus. This is true for
most MAbs reported so far, however, the monoclonality confers advantages in designing specific assays as
compared with polyclonal sera. The principal of an assay is illustrated in this paper which measures only
146S particles in the presence of 12S and also monitors antigenic changes of an important immunogenic site

on such particles.

2.

MATERIALS AND METHODS

2.1.

Viruses

Foot and mouth disease virus (FMDV) type 01 Swiss was grown in BHK21 cells and purified by

linear SDG by standard methods. The RNA content of pooled peak fractions containing 146S was measured
and the weight of virus determined. Samples of the virus were stored at -70°C and thawed only once for
use in assays.

2.1.1.

Preparation of 12S subunits

Purified gradient virus was acidified by the addition of two volumes of 0.5M NaH2PO4. A small
volume of phenol red solution was added to determine the approximate acidity of the solution. The mixture

was incubated for 15 minutes at room temperature after which a small volume of IM NaOH was added
to restore the pH of the solution to approximately 7.4. as assessed by the colour of the indicator.
2.7.2.

Trypsin Treatment of Virus

Purified 146S virus (85 fig/ml) was incubated for 15 minutes at 37°C with trypsin at final
concentration of 100 fig/ml. Bovine serum albumin was then added to a final concentration of 30 mg/ml
and the treated virus was used immediately in the described assays.
22.

Monoclonal Antibodies

A MAb B2 (Brescia Laboratory, Italy) defining a non-conformational independently neutralisable
structural epitope on FMDV Ol Swiss was used in this study, this has been extensively characterised. Mab
B2 was used as the reagent for virus capture and detection. The MAb was purified using purification kits

involving protein A (Immunopure Plus(A) IgG purification kit, Biorad, Pierce Europe). Preparations were
stored in small volumes at -70°C. Purified B2 was labelled with the enzyme horse radish peroxidase using

the periodate method of Nakani and Kowaoi, 1974). The MAb was also biotinylated using the succinimide

ester of biotin (Pierce NHS-Biotin).
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23.

Polyclonal antibodies
Rabbit anti FMDV Ol serum prepared against purified inactivated Ol BFS FMDV was obtained

from the Institute of Animal Health, Pirbright Laboratory, World Reference Laboratory. Guinea pig anti
Ol Swiss serum was obtained 13 days after infection of animals by inoculation of foot pads. Rabbit

anti-mouse IgG horse radish peroxidase conjugate was obtained from Dako UK Ltd). Avidin-horse radish
peroxidase was obtained from Sigma (UK) and used at a dilution of 1/2000.
Ortho phenylene diamine (OPD) was obtained as buffered tablets from Sigma (UK). Blocking

buffer was PBS, pH 7.4, containing 3% BSA, 0.01% Tween 20. Coating buffer was 0.05M
carbonate/bicarbonate, pH 9.6. ELISA plates were Nunc Immunopiate MaxiSorb.

2.4.

Titration of capture activity of MAb B2

Purified B2 was diluted in a 2-fold range from 5 /xg/ml over 10 wells (50 /xl per well) in coating
buffer. Plates were incubated overnight at 4°C then washed by flooding 4 times with PBS and blotted free

of excess washing solution. Purified 146S or 12S was then added at l ßg/ml in blocking buffer (50 /zl/well).
Plates were incubated at 37°C for 1 hour while being rotated. Plates were washed as above and 50 fÂ of
a dilution of previously titrated post-infected guinea pig anti 01 Swiss serum in blocking buffer was added

to each well. The plates were incubated as above and washed. Each well then received 50 p\ of rabbit
anti-guinea pig horse radish peroxidase at a pre-titrated dilution in blocking buffer. After 1 hour incubation
at 37°C as above the plates were washed and 50 (A of substrate solution was added to each well. Colour

was allowed to develop for 10 minutes and then stopped by the addition of 50 jwl of IM H2SO4 per well.
The OD. was read by a multichannel spectrophotometer.

2.5.

Chessboard titration of virus antigens and detecting MAb B2

2.5.7.

Preparations

A suitable dilution of B2 enabling efficient capture of 146S and 12S as estimated from the above

experiment was added to wells in 50 pi carbonate buffer and plates incubated at 4°C overnight. Plates were
then washed. Purified 146S and 12S was then added as dilution ranges in blocking buffer across 8 wells of

the plates from 2.5 Mg/ml. Plates were incubated at 37°C as above then washed. MAb B2 horse radish
peroxidase conjugate or biotinylated B2 was then added as a dilution range in blocking buffer (50 fil) to
obtain a chessboard titration of all concentrations of the antigens against all dilutions of conjugates. After
incubation for 1 hour at 37°C with rotation, the plates were washed and substrate was added to the wells

which received direct B2 conjugate which were incubated at 37°C for 1 hour and the plates processed as
above. The plates with the biotinylated B2 received 50 fÂ per well of avidin-peroxidase in blocking buffer
and were incubated for 30 minutes at 37°C while being rotated after which substrate addition and
processing was as described previously.
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2.5.2.

Titration of 146S in the presence of constant amount of 125 using labelled B2
Wells were coated with an optimal concentration of B2 as above. Dilution ranges (25 u\) of 146S

were made from 2.5 Mg/ml across 8 wells of a non-ELISA microtitre plate in blocking buffer, after which

each well received 25 n\ of 12S at 2 ßg/m\ in blocking buffer. These were mixed and transferred to the
plates coated with B2. Plates were incubated and examined after addition of enzyme conjugated B2 as

described above. Captured 12S was detected in plates treated the same way using the polyclonal guinea pig
serum system.

2.5.5.

Titration of trypsin treated virus
Dilution ranges of 146S and the same weights of trypsin treated virus were titrated using optimal

amounts of B2 capture and conjugate as described previously. A polyclonal rabbit serum was aslo used to
capture the trypsin treated virions which were detected using the guinea pig detection system.

3.

RESULTS

Figure 1 illustrates diagrammatically the reason for the 146S specificity in this assay. The virus and

subunits are drawn to scale with the immunoglobulin molecule representing B2.

146S

12S

Figure 1
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Figure 2 shows the titration of 146S and 12S on plates coated with dilutions of B2 (beginning at
5 Mg/ml) using a polyclonal post infection detector and anti-species conjugate. Both 146S and 12S are
trapped with similar end-points. An optimal concentration of approximately 0.6 ßg/m\ B2 captures the
maximum amount of both antigens. The boxed points refer to background OD. where no antigen was

added.
Figure 3 shows results obtained from chessboard titrations relating dilution ranges of 146S and 12S
as detected by the optimal amounts of either labelled B2 or biotinylated B2. Both detection systems give
similar results for the detection of 146S, but the biotinylated B2 shows some reaction with 12S as compared
to the labelled B2. Figure 4a shows the detection by labelled B2 of 146S and 146S diluted in a constant
amount of 12S.

Figure 4b shows the titration of the amount of 12S on identically prepared plates without 146S
addition using polyclonal antibody and anti-species serum conjugate. The results indicate that there is litle
influence of 12S on the titration of 146S. Figure 5a shows the titration of of 146S and trypsin treated 146S

with conjugated B2, there is no reaction with the latter antigen. The ability of trypsin-treated virus to be
captured and detected is shown in Figure 5b where a rabbit polyclonal capture antibody and guinea pig post

infection detecting antibody system are used to measure the same dilution range of trypsin treated virus
examined in Fig. 4a.
4.

DISCUSSION

Figure 1 indicates why this assay specificity resides in the fact that the 146S common structural
antigenic sites on 12S are on one side of the subunit. Capture of 12S results in orientation of the subunit
exposing internal structural sites to subsequent antibodies. The

virions however, present the B2 site

externally.
In practice the MAb acts as an efficient capture antibody when attached to a solid phase as

indicated in Fig. 1, which also confirms that 12S particles are bound as detected with a cross reactive
polyclonal serum which detects both external and internal antigenic sites. However, where the B2 is also
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used as a detecting system when conjugated with horse radish peroxidase only 146S antigen is measured.
Use of biotinylated B2 allows some reaction with captured 12S presumably since the biotin label is relatively
small as compared with the horse radish peroxidase allowing greater access of the molecule to some
available 12S sites, due to reduction in steric interference. The specificity is maintained when 12S is added

to 146S, there being no statistical difference in the titration of whole virions with or without addition of 12S
(statistics not included here) although the added 12S can be detected using the polyclonal serum system.

Trypsin has been shown to cleave the B2 site so as to totally destroy the binding of MAb. This is
confirmed in this system although the trypsinised virus is detected using a polyclonal trapping and detecting
system. This offers a measure of quality of antigen measured as well as quantity, a cleavage in the site on
VPl,of the type measured on trypsinisation, having a drastic effect in reducing the immunogenicity of
vaccines. This cleavage is only detectable by PAGE methods on SDG materials and since trypsinised virions
still maintain their 146S, thus, measurement of SDG obtained virion weight cannot always be directly

related to immunising weight, whereas MAb derived data would indicate lack of cleavage and therefore

weight measurements would be relevant to immunogenic considerations.
A limited number of other experiments have shown that the MAb assay is more reliable at
estimating the weight and quality of virions and that there is a good correlation betwen the two assays where
virions are not cleaved. It is hoped that a standardised assay involving the titration of type O viruses with

reference to the activity of a single conjugated B2 will provide a rapid, sensitive and flexible assay for use
in vaccine manufacture. The B2 MAb binds to all the Type O vaccine strains examined so far. It should
be noted that antibodies of a similar specificity and reactivity are available for other serotypes, so that

similar systems could be designed. The possibility of using the MAb assay for continuous assessment of
virions during vaccine manufacture is being investigated.
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Abstract
A SEROLOGICAL SURVEY AND THE DIAGNOSIS OF PSEUDORABIES VIRUS AMONG PIGS IN ARGENTINA.

An enzyme linked immunosorbent assay (blocking ELISA) was used to detect antibodies to

pseudorabies virus (PRV) in serum samples from 5955 pigs. The results of this test indicated that 10.5% of
the samples were positive to pseudorabies. Virus neutralization (VN) test was used as a confirmatory test
on 207 positive and 191 negative sera respectively. Using the VN test as standard, the ELISA showed a

relative specificity and sensitivity of 88.8% and 98.9%, respectively. An outbreak of pseudorabies was also
studied by virological, immuno-histochemical and in situ nucleic acid hybridization methods.

1.

INTRODUCTION

Pseudorabies (Aujeszky's disease) has a worldwide distribution in pigs, causing heavy losses for the
swine industry. The disease is caused by suid herpesvirus type 1 (pseudorabies virus, PRV), a member of the
alphaherpesvirinae subfamily. Pseudorabies is an acute and often fatal neurological disease in neonatal pigs,
whilst in adult pigs PRV induces sporadic disease with relatively low morbidity and mortality.
PRV is harbored by recovered pigs in a latent stage, from where it can be reactivated causing

recrudescence and spread to susceptible animals [1]. Pseudorabies has been known to cause disease in pigs
in South America since 1912 [2]. However, Argentina remained apparently free until 1979 [3]. Thereafter,
several outbreaks have been described and the disease confirmed by virus isolation [4-6].
There are approximately 3.5 million pigs in Argentina. The production system is mainly extensive

(40%) and semi-extensive (40%), being intensive only in 20% of the farms. No surveys investigating the
prevalence of PRV infection have been carried out in Argentina, and this was the main purpose of the

present study.
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2.

MATERIALS AND METHODS

2.1.

Collection of serum samples

Serum samples from 5955 pigs on 265 different farms were collected at random. The farms were

classified according to the production system i.e. extensive, semi-extensive and intensive farming.
22.

Virus and cells

The rabbit kidney (RK-13) cell line was used for virus isolation and for the virus neutralization (VN)

test. Cells were grown in Eagle's minimal essential medium containing 10% foetal calf serum and antibiotics.
The virus strain used in the VN test was the reference strain PRV/66/Sweden, kindly provided by Dr.

Moreno-Lopez, Uppsala, Sweden. The virus, with a titer of 105 5TCID 50, was stored at -70°C until use.
23.

Virus isolation

Samples from the brain, tonsils, lung and lymph nodes were collected during an outbreak of the
disease which occurred in the southern part of the Province of Santa Fe. The samples collected from August

1987 to December 1988,

were from 114 piglets showing disorders of the central nervous system. The virus

isolates were identified by VN, indirect immunofluorescence (IIP) and peroxidase-antiperoxidase (PAP)
techniques.

2.4.

Virus neutralization (VN) test

The micro-neutralization test in 96-well plates was carried out as described by Banks and Cartwright
[7].

The titres were reported as maximum protective end point dilution of serum [8]. The VN test was

conducted on 207 positive and 161 negative sera as determined by ELISA.
Chi square (x2) method was used to determine the correlation between the results obtained by

ELISA and VN test.

2.5.

Enzyme linked immunosorbent assay (ELISA)

For the serological survey, a blocking ELISA kit was provided by the Joint FAO/IAEA Division,

Vienna [9]. The test was carried out according to the procedure described in the ELISA kit manual. Briefly,
undiluted test sera, reference positive serum (diluted 1:80) and reference negative serum (diluted 1:100) were

added to the antigen coated wells in duplicate. The plates were covered with a sealing tape, incubated
overnight at room temperature and then after three washes, rabbit anti-PRV diluted 1:1000 was added. After
incubation for 30 minutes at room temperature, the plates were washed three times and swine anti-rabbit

IgG-HRP conjugate diluted 1:2000 was added. A further incubation for 30 minutes was carried out at room
temperature, the plates were washed three times and then substrate was added. The réaction was stopped
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by adding 50 /xl of IM H2SO4 to all wells. The results were interpreted by reference to the controls, and

expressed as a percentage of optical density (OD). Sera with OD% values lower than 40% were considered
as negative.
2.6.

Indirect immunofluorescence (IIP) test

The IIP was performed in a conventional way on virus infected cell cultures using rabbit antiserum

as primary antibody. Fluorescein isothiocyanate (FITC) labelled swine anti-IgG (Cappel, USA) was employed
as second antibody.
2.7.

Histopathology
Cerebrum, cerebellum, brain stem, Gasserian ganglion spinal cord, tonsils and lung samples were

taken from 22 piglets with disorders of the central nervous system. The specimens were fixed in formalin,
embedded in paraffin and stained with haematoxylin and eosin (HE).
2.8.

Immunohistochemistry

The peroxidase-antiperoxidase (PAP) technique was performed on tissue sections and cell cultures
basically as described by Sternberger [10]. A rabbit anti-PRV serum (kindly provided by Dr. Ducatelle,

Ghent, Belgium), diluted 1:2000 was used.

Swine anti-rabbit IgG and rabbit PAP complex were

commercially purchased (Dakopatts, Denmark). Controls were treated with normal rabbit antiserum as the
primary antibody.

2.9.

In situ hybridization (ISH) test

This technique was conducted in tissue sections prepared in paraffin blocks as previously described
[11]. The biotinylated PRV-DNA clone TM 16 (kindly provided by Dr. Linne, Uppsala, Sweden) was used

as a probe. The specific nucleic acid hybridization was detected using the avidin-biotin peroxidase complex
(ABC-kit, Vector Laboratories, USA), followed by diaminobenzidin (DAB) silver enhancement (Amersham,
UK) [11].

3.

RESULTS

3.1.

Virus isolation and serological survey
Suspensions of tissues from the central nervous system and lungs of 25 clinically ill piglets were

inoculated onto RK-13 cell monolayers. A cytopathic effect (CPE) was observed after two passages. The
CPE was characteristic of herpesvirus, with rounded cells, syncytia formation, and intranuclear inclusion

bodies clearly detected with HE staining. Six isolates were identified as PRV by VN, IIP and PAP tests.
53

TABLE I. PSEUDORABIES SEROPREVALENCE AMONGST PIGS IN ARGENTINA DETERMINED
BY THE BLOCKING ELISA
Province

Serum Samples

Herds

Tested

Tested

Positives

Santa Fe

3036

439

Cordoba

493

Positive

106

38

36

23

5

2105

146

122

23

Chaco

58

2

2

1

La Pamba

158

1

3

1

Entre Rios

35

-

2

-

Salta

44

-

4

-

Tucuman

26

-

3

-

Buenos Aires

Total

624 (10.5%)

5955

265

68 (25.7%)

TABLE II. COMPARISON OF ELISA AND VN RESULTS OBTAINED WITH 368 FIELD SERUM
SAMPLES
VN positive

ELISA

VN negative

Total

ELISA positive

187

20

207

ELISA negative

2

159

161

189

179

368

Total

For the serological survey a total of 5955 sera collected from 265 farms were tested by blocking ELISA
and the results of this assay indicated that 624 sera (10.5%) from 68 farms (25.7%) were positive. The
highest percentage of positive sera was detected in the Province of Santa Fe with 35.8% of the herds
infected (Table I).
There was a good correlation between ELISA and the VN test (Table II). Using the Chi square
method the proportion of positive sera in both tests was x2 = 287 (p< 0.001). The relative sensitivity and
specificity of the ELISA in comparison with the VN test was 98.9% and 88.8%, respectively.
With respect to the pig production systems, the prevalence of seropositive animals was higher in
extensive (32.2%) than in semi-extensive (23.7%) or intensive (6.9%) farming conditions (Table III).
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TABLE III. DISTRIBUTION OF PRV INFECTED HERDS ACCORDING TO THE BREEDING
SYSTEM

Production system

Farms

Tested

Positive

Percentage

Extensive farming

118

38

32.2

Semi-extensive farming

118

28

23.7

29

2

6.9

265

68

Intensive farming

Total

3.2.

25.7 p= < 0.001

Histopathology and immimohistochemistry analysis

The principal lesions were found in the central nervous system (CNS). These consisted of diffuse,
non-suppurative meningoencephalomyelitis and ganglioneuritis. Perivascular cuffings, neuronal necrosis and
gliosis were also prominent. The changes were frequently observed in the cerebrum and brain stem,

occasionally in the Gasserian ganglion, and rarely in the cerebellum and the spinal cord. Inflammatorynecrotic foci were seen in the tonsils, affecting lymphoreticular tissue and crypt epithelium. Intranuclear

inclusion bodies were occasionally present. Lungs frequently showed pneumonic lesion of variable magnitude.

Necrotic foci were not detected.
The PAP-stained sections revealed PRV antigens in the cerebrum, brain stem and tonsils. In the

nervous tissues, the positive reaction usually involved both the nucleus and the cytoplasm of the neurones.
Immuno-reactive cells were distributed in areas in which histological changes were found.

In tonsils, the immunoperoxidase reaction was mostly confined to the small necrotic foci and to the
margin of the large foci. Clusters of infected cells were also observed in the tonsillar cryptus, surface

epithelium, peripheral nerve fibre and salivary glands (Fig. 1).

33.

In situ hybridization

Viral DNA was detected only in the tonsil sections. Positively stained cells were mainly located on

the surface and in crypt epithelium. Few cells were shown to contain virus DNA in necrotizing areas and

salivary glands (Fig. 2).

4.

DISCUSSION
Indirect and blocking ELISA tests have been widely used for detection of PRV antibodies [7,12-14].

Differences in the results of these tests have been reported. A number of reports have claimed a higher
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Fig. L

Photomicrograph of tonsil section from a pig naturally infected with PRV. PAP technique
using rabbit anti-PRV serum on formalin-fixed and paraffin-embedded

tissue.

Positive

immunoreactivity is demonstrated by the darker coloured areas (250 x).

Fig. 2. Photomicrograph of formalin-fixed paraffin-embedded

tonsil section from PRV-infected pig

showing positively stained cells. Section hybridized with a biotin-labelled probe with silver
enhancement (X 400).
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sensitivity for the PVR indirect ELISA when compared with the VN test and argued substantial practical

advantages over the VN for routine use (for references see [15]). This was also evident from our work. Using
ELISA more than 400 serum samples were processed in 2 days whereas only 250 sera could be tested by VN

in a week. Moreover, serum samples could be tested by ELISA immediately after arrival, while samples for
VN test for practical reasons were frozen at -20 C until tested. The repeated freezing and thawing of the sera

may affect the results of the test.
A good correlation between the results obtained with the blocking ELISA and the VN test was

reported by Soerensen and Lei [14]. The specificity of the ELISA in our hands was lower than that reported
by these workers and this may be caused by technical factors but also by the nature of the individual
immunological response to infection.

The results in this study clearly indicate the importance of pseudorabies in Argentina. The
prevalence of seropositive pigs was higher in the central part of the country, (Santa Fe and Cordoba
Provinces) (Table I). The Santa Fe and Cordoba Provinces are the main swine producing regions in the
country and the farms with the highest production are located there.

It was of interest to observe that the prevalence of pseudorabies was much lower in intensive
breeding conditions (6.9%) in spite of the close contact of the animals. In extensive production system the
prevalence increased to 32.2% (Table III). This difference may be attributed to the higher sanitary conditions
in the intensive production system.
Six strains of PRV were isolated from the central nervous system of diseased animals in one

outbreak. The isolated strains were identified as PRV by serological and immunohistochemical methods.
Further studies will be necessary for better characterization of these strains.

The histopathological picture agreed with the results obtained by others [17, 1]. PRV antigen
demonstrated by the PAP technique appeared in direct association with degenerated or necrotic cells,
similarly to previous descriptions [16]. PAP positive cerebrum and brain stem sections were negative with

the ISH method. The hybridization method has viral DNA as detection target, while the PAP technique

detects viral proteins. In the immuno-histochemical method, a polyclonal PRV antiserum was employed,
which probably cross-reacted even with the proteins of early viral replication [11]. This could be one of the

reasons for its higher sensitivity compared to ISH.

However, it can not be excluded that ISH is a less

sensitive than the PAP. This has to be further evaluated.
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Abstract
DEVELOPMENT OF AN INDIRECT AND A DOT ELISA TO DETECT ANTIBODIES TO PORCINE PSEUDORABIES VIRUS
IN ARGENTINA.

Indirect and dot enzyme linked immunosorbent assays (ELISAs) were developed to detect antibodies
to pseudorabies virus (PRV)

in serum samples of 321 pigs. The Argentine CL 15 PRV strain was used as

the source of virus. Nonidet P-40-solubilized infected and mock infected cell lysates were used as antigens.
The results of these tests were compared with those of a blocking ELISA and virus neutralization (VN) test.
There was a 100%

agreement between the indirect and dot-ELISAs. Using VN as standard, the blocking

ELISA and the indirect ELISA showed 97.6%

and 100%

relative sensitivity and 96.9%

and 99% relative

specificity respectively. The sensitivity of the blocking ELISA was lower than that of the other tests.

1.

INTRODUCTION

Pseudorabies (PRV), also known as Aujeszky's disease, is a disease of pigs caused by a herpesvirus
(suid herpes virus type 1). The disease causes economic losses to the swine industry and, as with other
herpesviruses, the pseudorabies virus (PRV)

frequently establishes latent infections, and thus, when a herd

becomes infected, the virus remains among the adult pigs. A control programme for PRV requires the
identification and removal of infected animals within a herd. For this purpose, several sérodiagnostic tests
are available. The virus neutralization (VN) test is the most frequently used test, although the enzyme linked
immunosorbent assay (ELISA) is now being used more frequently for the serological diagnosis of PRV.
In Argentina, several outbreaks of pseudorabies have been described and confirmed by virus

isolation [1-4]. Using the VN test and the blocking ELISA (B-ELISA) kit provided by the Joint FAO/IAEA
Division, a large serological survey was carried out [6] and a comparison of the results was made with an

indirect (I) and a and a dot ELISA and to compare the results with the VN and B-ELISA.
2.

MATERIALS AND METHODS

2.1.

Pseudorabies virus antigen

Madin-Darby Bovine Kidney (MDBK) cells were grown in Eagle's MEM supplemented with 10%
foetal calf serum, 10% tryptose phosphate broth (Difco, Detroit, USA)

and antibiotics. The PRV CL 15
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strain isolated in Argentina was used to infect the cells. After virus infection, the cells were maintained in
the same medium without serum. Nonidet P-40 (NP-40) at a concentration of 1% in TEN buffer was used
to solubilized infected and mock infected cells. These lysates were used as antigen in the I-ELISA and dot
ELISA [5].

22.

Sera

Three hundred and twenty one sera collected from pig herds were inactivated at 56°C. These sera
which had been previously tested by VN (6) were used in all three ELISAs. Positive, weak positive and

negative reference sera included in the FAO/IAEA B-ELISA kit were used as controls.
23.

Indirect ELISA (I-ELISA)

ELISA 96-well plates (Nunc-Maxisorb, Denmark) were coated with 100/ul antigen per well diluted

in coating buffer (50 mM Na2C03, 50mM NaHC03, pH 9.6). The working dilution was 1:600 as calculated
from chessboard titration.

This represented approximately 0.008 mg protein per well. The protein

concentration was calculated reading the samples at 280 nm in a UV spectrophotometer, and by reference
to BSA standards under the same conditions. After incubation in a humid chamber at 4°C for 24 hrs, the
antigen solution was discarded and replaced by 100/ul blocking solution (0.2% bovine serum albumin in PBS)
and incubated for 1 hour at 37°C and then the wells washed 3 times with PBS containing 0.05% Tween 20

(washing solution, WS).
The sera to be tested in duplicate (50/ul/well) were diluted 1:30 in dilution buffer (PBS with 0.5%

Tween 20 and 0.5% skimmed milk powder, DB), and incubated overnight at 4°C. The working dilution was

calculated using 6 known sera, 3 positive and 3 negative. Following 3 consecutive washes, 50/ul of a 1:3000

dilution (as calculated from chess board titration) of HRP-labelled rabbit anti-swine IgG (Cappel, USA) in
DB were added per well, and plates were incubated for 60 minutes at room temperature. Finally, after 5
washes, 100/ul of substrate solution (0.1 M citric acid, 0.2 M PO4HNa2, 0.3 mM ABTS, 0.01% H202) was
added and incubated in the dark for 30 minutes at room temperature.

The optical density (OD) values were then recorded at 405 nm using a Titertek Multiskan Microtiter

Plate reader (Flow Laboratories, UK). Sera that reacted equally to or higher than the weak positive standard
serum supplied with the FAO/IAEA B-ELISA kit were considered as positive. The results were calculated
with reference to the standard negative serum of the B-ELISA kit. The positive samples were compared with

the results obtained using the mock control antigen. A sample was considered positive if the ratio of
absorbance with PRV and mock-infected cell lysates antigens was greater than a OD of 1.8 [7-9].

2.4.

Dot ELISA
The antigens, buffers and solutions used in this test were the same as for the I-ELISA.

Nitrocellulose (NC) paper (Bio-Rad, USA) was cut into individual strips of about 0.5 x 2cm, labelled using
a suitable marker, washed in distilled water and then air dried before use. In preliminary experiments, strips
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were placed in individual wells of a microtiter plate previously filled with a 1:300 dilution of either PRV or
mock antigen. After incubation in a humid chamber for 24 hrs at 4°C, the antigen solution was removed

using a pipette, blocking solution was added and incubated at 37°C for 1 hour. The strips were then washed
3 times and 50yul of a 1:30 dilution of serum was added. Plates were then incubated overnight at 4°C in a

humid chamber. Strips were then removed from the plates and washed 3 times in WS.
Rabbit anti-swine IgG-HRP conjugate diluted 1:5000 was added to cover the strips and incubated
at room temperature for 1 hour. After 2 additional washes in PBS and a final one in TBS (20mM tris, 0.5M
NaCl, HC1, pH 7.5), the strips were immersed in a freshly prepared solution of 3.3 Diamino-benzidine
tethrahydroxychloride (DAB) (0.009g of DAB to 30ml TBS containing 0.009ml H2O2), and then incubated
for approximately 3 minutes at room temperature until colour became visible. The enzymatic reaction was
stopped with distilled water [11]. A variation of this method was also performed as described by Bennett and

Yeoman [10]. The NC paper was cut to fit the top of a 96 well plate and immersed in the antigen solutions.
After 24 hours incubation at 4°C, papers were blocked, washed and then air dried. Serum samples were

placed in duplicate in a 96-well plates. The plate was covered with the antigen coated NC paper, then with
parafilm, and finally with 3 sheets of filter paper. The lid of the plate was clamped down using 4 paper

clamps. The plate was inverted, so that the sample came in contact with the coated NC paper, and placed
at 4°C overnight. The assay was then developed as described above. The strip assay was assessed using 96
sera including control antisera supplied with the kit. The dot ELISA was evaluated using the 321 sera
described before.
2.5.

Virus neutralisation (VN) test and blocking (B) ELISA

The VN test has been described elsewhere [6]. The B-ELISA was performed as described in the
manual supplied with the FAO/IAEA ELISA kit. The ELISA kit used in the present study, had been stored
at the customs for a prolonged period.

3.

RESULTS AND DISCUSSION
The VN test and B-ELISA were used for detection of PRV antibodies in swine sera. We also

developed an indirect and a dot ELISA using a PRV strain isolated in Argentina as antigen. The procedures

followed for the antigen preparation and the ELISAs were basically those described by Toma and Eloit and
Bennett and Yeoman respectively [5,10]. A total of 321 porcine sera (field sampled) were tested by the
methods described. In our hands the B-ELISA performed with the kit showed a relative sensitivity of 97.6%

and relative specificity of 96.9% (Table I). The I-ELISA showed a relative sensitivity of 100% and a relative
specificity of 99% (Table II).
In the I-ELISA, the test sera were diluted 1:30. A maximum colour was obtained at this dilution.
At further dilutions, a gradual decrease in colour was observed. To examine negative serum populations and
for establishing OD limits, we used 40 negative and 40 positive sera in duplicate. There were small
difference between duplicates of the same sample. The mean OD value of negative population was 0.4, and
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TABLE I. SENSITIVITY AND SPECIFICITY OF B-ELISA COMPARED WITH THOSE
OF THE VN TEST

VN test
reactive

Reactive
Non-reactive

Total

non-reactive

total

123

6

129

3

189

192

126

195

321

TABLE II. SENSITIVITY AND SPECIFICITY OF I-ELISA COMPARED WITH THOSE
OF THE VN TEST

VN test
reactive
Reactive

Non-reactive
Total

non-reactive

total

126

2

128

0

193

193

126

195

321

the same value was obtained for the sera collected from pigs herds, the mean OD value was 0.7. The weak
positive OD value from the kit was 0.75. The field sera showed similar OD values to the strong reference
positive sera (1.2).

The sensitivity of B-ELISA was lower than the other tests performed. The B-ELISA kit was
inadvertently stored for 3 months in the customs and this may have affected its performance, although the

components were lyophilized. The PRV and mock antigens were used in parallel in the I-ELISA. Seven

sera which showed similar OD values on both positive and negative antigens were considered as negative.
These were also found negative by the other methods. In order to fully verify these results it will be necessary
to check all positive sera using the mock antigen. The seven sera which gave high OD values on both
negative and positive antigens in the I-ELISA showed no colour in the dot ELISA, with either antigens. This

cannot be easily explained. The background for negative sera was very low and no false positives were
detected using mock antigen. There were some practical problems in performing the dot ELISA using NC

strips since they were difficult to manipulate. However, a limited number of results were obtained and they

are shown in Fig. 1. The results were read visually and sera were considered positive by comparing the
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/*>£. 1. Dot-lmmunoassay for PRV antibodies detection on Nitrocelullose paper using individual strips.
Rows A, B and C: PRV antigen coated to paper. Row D: mock-infected cell lysates antigen coated to paper.

Strips 1, 2 and 3: positive, weak positive and negative reference sera respectively. Positive reaction (strips

4 through 34); negative reaction, row C.

C

Fig. 2. Dot-lmmunoassay for PRV antibodies detection on Nitrocelullose paper using whole sheet. PRV antigen

coated to paper.

intensity of colour development in strips to that obtained with the weak positive control sera. Strips showing

a more intense coloration than that obtained with the weak positive control sera were considered positive.

Fig. 2 shows the results of a dot ELISA. The advantages of dot ELISA of lower background, the provision
of a permanent record and its availability to field laboratories is offset by the difficulties in manipulation of
the strips themselves and, at present, full validation of this assay.

Further studies using the I-ELISA with larger number of serum samples are in progress.
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Abstract
COMPARISON BETWEEN RESULTS OF VIRUS NEUTRALIZATION TEST AND THOSE OF TWO ELISAS WHEN
SCREENING FOR ANTIBODIES TO PSEUDORABIES VIRUS IN THAILAND.

The virus neutralization (VN) test and two enzyme linked immunosorbent assays (blocking and
indirect ELISAs) were used to detect antibodies to pseudorabies virus on serum samples from 1000 pigs from

the central part of Thailand. Using the VN test as standard, the blocking and indirect ELISAs showed
respectively 95.12% and 99.37% relative sensitivity and 92.0% and 93.5% relative specificity. The two

ELISAs were both considered as practical alternatives to the VN test. However, the indirect ELISA was
the more suitable test for the routine screening for antibodies to pseudorabies virus in Thailand.

1.

INTRODUCTION

Pseudorabies is caused by suid herpesvirus type 1, which is usually called Aujeszky's disease virus
(ADV) or pseudorabies virus (PRV), and is found in swine herds worldwide with the exception of Japan and

Australia. Hoblet et al. [1] reported severe economic losses caused by pseudorabies in the swine industry
worldwide. The primary host of PRV is the pig but the infection can be transmitted directly or indirectly

to cattle and several other animal species. Man is not susceptible, whereas other carnivorous species (dog,
cat, mink, fox) are susceptible.

Under laboratory conditions, rabbit, mice and sheep are used for

experimental transmission.
Pseudorabies was first reported in Thailand in 1977 [2]. Since then the disease has spread

throughout the whole country and vaccination has been introduced. The diagnosis of PRV infection in

Now a staff member of the Animal Production and Health Section of the Joint FAO/IAEA Division.
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Thailand is made by virus isolation from different organs in cell culture and identifying the virus isolate with
a known antiserum to PRV in the virus neutralization (VN) test. The detection of antibodies in serum

samples is made by the conventional VN test.
The purpose of this study was to compare the results of our own established indirect ELISA and
a blocking ELISA kit with the results obtained in the VN test and then select the most suitable one to screen
piggeries in Thailand for antibodies to pseudorabies virus.

2.

MATERIALS AND METHODS

2.1.

Cells and virus

The baby hamster kidney (BHK) cell line grown in serum-free Eagle's minimum essential medium

(EME) was used for propagation of the cytopathogenic PRV strain CB-1. This strain was isolated from an
outbreak in the central part of Thailand in 1987, then passaged twice in cell cultures and identified in a direct
fluorescent-antibody test (conjugate supplied by the National Institute of Animal Health and Animal

Production, Thailand). The stock virus of the 5th passage was titrated in microtitre plates (Nunc, Inter Med)
and stored at -70°C in aliquots. The virus was used in both the VN test and indirect ELISA.

2.2.

Preparation of antigens for indirect ELISA

The viral and control antigens used in the indirect ELISA were prepared according to the method
of Rock and Reed [3]. The BHK-cell line was inoculated with PRV and incubated at 37°C for 24 hours.
The virus-infected cells were then scraped onto the medium and sedimented by low-speed centrifugation.

Pelleted cells were suspended in TE buffer (0.05 M Tris, 0.025 M EDTA, pH 7.4) containing 0.5% Triton
X-100 (Sigma Chemicals) at a volume of four times that of the packed cells. The mixture was stirred for
90 minutes at 4°C and centrifuged at 10,000 g for 1 hour. The supernatant fluid was used as viral antigen
and stored at -20°C in aliquots until used. Uninfected BHK cells were prepared in a similar way and used
as negative control antigen.

23.

Sera

Test sera: Serum samples collected from pig hers in the central part of Thailand were inactivated
at 56°C for 30 minutes and tested for the presence of neutralizing antibodies to PRV. The serum samples
from routine VN test were randomly selected and divided into groups of 100 sera, according to VN titres
ranging from 2 to 256 in two-fold dilutions (n = 800). Two hundred non-reactive sera in the VN test (titre
of <2) were also selected and included in this study (Table I).
Control sera: Positive control sera were produced by nasal inoculation of 105 TCID50 of PRV strain

CB-1 into seronegative weaner pigs. The animals were bled four weeks later. Uninfected seronegative
weaner pigs were used to provide negative control sera.
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TABLE I. RELATIONSHIP BETWEEN VN TITRES OF SERUM SAMPLES AND

REACTIVITY IN ELISAs

VN Titre

Number of serum
samples tested

positive

Indirect ELISA
positive

<2

200

16

13

2

100

77

95

4

100

90

100

8

100

94

100

16

100

100

100

32

100

100

100

64

100

100

100

128

100

100

100

256

100

100

100

1,000

777

808

Total

2.4.

Blocking ELISA

Virus neutralization (VN) test

The microtitration VN test was carried out by the standard method [4]. Eagle's growth medium (25
ul) was added to each well except the first row of the microtitre plates (Nunc, Inter Med). Each serum
sample (25 ul) was added in the first and second rows of duplicate columns. Seven serial doubling dilutions

were made across the plates. The stock virus was diluted to 100 TCID^/^S/uI and 25;ul of diluted virus was

added to each serum dilution. The plates were agitated and covered with a loose-fitting lid, then incubated
for 1 hour at 37°C in a humidified incubator with a 5% CO2 atmosphere. After incubation, 5Q/ ul of BHK

cells suspended in Eagle's growth medium (5 x 105 cells/ml approximately) were added to each well and
reincubated for 48 to 72 hours. Each series of VN tests included both positive and negative control sera as
well as virus control. The VN titres were expressed as the reciprocal of the highest final dilution of serum
that completely neutralized the test virus.

2.5.

ELISA procedures and reagents

Blocking ELISA: The blocking ELISA kit was provided by the Joint FAO/IAEA Division, Vienna,
Austria. The kit consisted of viral antigen, control sera, coating buffer (0.035 M NaHCO3, 0.015 M Na2CO3

and 0.02% Thimerosal), blocking buffer (0.01 M Na2HPO4, 0.1 M NaCl, 0.002 M KCI and 0.0015 M
KH2PO4 with 0.05% Twenn 20 and 5% skimmed milk powder), washing solution (0.0001 NaHPO4 with
0.01% Tween 20), rabbit anti-PRV serum, conjugate (swine anti-rabbit IgG, horseradish peroxidase (HRP)
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labelled) and substrate (0.1M sodium acetate (pH 6) with 0.02% H2O2 and 1.0% of 1.0%
tetramethylbenzidine (TMB) in dimethyl sulfoxide (DMSO).
Polystyrene ELISA plates (Limbro, Flow laboratories) were coated with viral antigen diluted 1:3000

in 50/ul per well and incubated at 4°C overnight. The plates were then washed three times, dried at 37°C
for 30 minutes, stored in sealed plastic bags at 4°C and used within 14 days.
The blocking ELISA was carried out according to the procedure described in the ELISA kit manual.
Briefly, undiluted test sera, reference positive serum, diluted 1:80) and reference negative serum (diluted

1:100) were added to the antigen coated wells in duplicate. The plates were covered with a sealing tape,
incubated overnight at room temperature and then after three washes, rabbit anti-PRV diluted 1:1000 was

added. After incubation for 30 minutes at room temperature, the plates were washed three times and swine
anti-rabbit IgG-HRP conjugate diluted 1:2,000 was added. A further incubation for 30 minutes was carried
out at room temperature, the plates were washed three times and then substrate was added. The reaction
was stopped by adding 25/ul of l M H2SO4 to all wells.
Indirect ELISA: This assay was established at the Faculty of Veterinary Science, Chulalongkorn
University, by a method similar to that of Voller et al. [5]. Briefly, 100 ul of viral and control antigens,

prepared as described above, were diluted 1:1000 (determined by checker-board titration according to Snyder

and Erickson [6]) in coating buffer (0.05 M carbonate buffer at pH 9.6) and adsorbed overnight at 4°C onto
alternate rows of wells on polystyrene microtitre plates (Limbro, Flow Laboratories). The plates were then
washed three times, dried at 37°C for 30 minutes and stored in sealed plastic bags at 4°C. On each plate,
a positive control (VN titre = 128), a pool of negative sera and 22 serum samples were diluted 1:100 in
dilution buffer (0.15 M NaCl, 0.001 M EDTA, 0.05 M Tris and 0.05% Tween 20, adjusted to pH 7.4),
containing 2% inactivated horse serum and added to 2 wells containing viral antigen and 2 wells containing
control antigen. The plates were incubated at 37°C for 30 minutes and washed three times. Rabbit antiswine igG-HRP (Nordic, The Netherlands) diluted 1:5000 was added and the plates reincubated and washed

as before. The substrate (0.1 M sodium acetate (pH 6) with 0.02% H2O2 and 1.0% of 1.0% TMB in
DMSO) was added and the reaction stopped after 15 minutes with 50/ul of l M H2SO4.
2.6.

Determination of results

The results for both ELISAs were read in a Titertek Multiskan PlusR (Flow Laboratories) at a

wavelength of 450 nm. The optical densities were recorded.
In the blocking ELISA the results were assessed by reference to the negative control. The mean
values of duplicate samples were compared with the mean values of the negative reference sera on each
plate. The percentage values were calculated as follows:

OD% =

Mean OP of the samples____ x 100
Mean OD of negative reference sera

The results on each plate were interpreted by reference to the controls. In this report, the serum
samples with an OD value lower than 45% were considered as antibody positive. The OD% for the kit
positive control serum was estimated for each plate, and used to monitor variation in the test.
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In the indirect ELISA, the mean absorbance difference (mean OD) was calculated as follows:
Mean OD = mean OD viral antigen minus mean OD control antigen.
The mean OD was determined for the pools of negative control sera. Serum samples with a mean
OD more than twice the mean OD for the pools of negative control sera were considered antibody positive.

For results to be valid, the mean OD of the pool of negative control sera should be less than 0.100.
The positive control serum should yield a mean OD between 0.500-0.600. If either of these values were out
of range, the results of the test were considered invalid and the test was repeated.

3.

RESULTS

All 1000 sera were tested by blocking and indirect ELISAs and the results of these assays were
compared with those of VN test (Tables I-III).
All sera with VN titres ranging from 16 to 256 were positive in the blocking ELISA. Of the 300 sera
with VN titres ranging from 2 to 8, 261 were positive in the blocking ELISA. The blocking ELISA was

positive for 16 of the 200 VN non-reactive sera.
The indirect ELISA was positive for all 700 sera with titres in the range 4 to 256, and for 95 of the
sera with a VN titre of 2. The indirect ELISA was positive for 13 of the 200 VN non-reactive sera.

In our hands the blocking ELISA performed with the kit showed a relative sensitivity of 95.12% and
a relative specificity of 92.00% (Table II). The indirect ELISA showed a relative sensitivity of 99.37% and
a relative specificity of 93.50% (Table III).
Sera with the same VN titre showed considerable variation in the indirect ELISA mean OD.
Similarly, sera with the same mean OD showed variation of VN titre (Fig. 1).

TABLE II. RELATIVE SENSITIVITY AND SPECIFICITY OF BLOCKING ELISA COMPARED

WITH THOSE OF THE VIRUS NEUTRALIZATION (VN) TEST

VN Test
Reactive

Non-reactive

Total

Blocking ELISA

Reactive
Non-reactive
Total

761

16

111

39

184

223

800

200

1,000

% relative sensitivity = 761/800 = 95.12%; relative specificity = 184/200 = 92%
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TABLE III. RELATIVE SENSITIVITY AND SPECIFICITY OF THE INDIRECT ELISA
COMPARED WITH THOSE OF THE VIRUS NEUTRALISATION TEST

VN Test

Reactive

Non-reactive

Total

Indirect ELISA

Reactive
Non-reactive

Total

795

13

808

5

187

192

800

200

1,000

% relative sensitivity = 795/800 = 99.3%; relative specificity = 187/200 = 93.5%

4.

DISCUSSION

One thousand serum samples with PRV-neutralizing antibody titres ranging from 2 to 256 (two-fold
dilution) were assayed in two different ELISAs (Table I). In general, there was good agreement between

all 3 tests in determining both reactive and non-reactive sera. However, the indirect ELISA showed higher
relative sensitivity and specificity than the blocking ELISA when the VN test was used as the standard.
A number of reports have claimed a higher sensitivity for the PRV indirect ELISA when compared
with the VN test and argued substantial practical advantages over the VN test for routine use [7-16]. A good

correlation between the results obtained with the blocking ELISA and the VN test was reported by Sorensen
and Lei [17]. According to these authors, the blocking ELISA showed better detection of low levels of

antibody than the VN test. However, Stewart et al [18] reported a higher sensitivity of the VN test than the
ELISA. Goyal et al [19] also supported the continued use of the VN test as the definitive test because of
possible false positive reactions associated with ELISAs.

As we found in the indirect ELISA (Fig. 1), Durham et al [12] have reported considerable variation
in single dilution OD in the reactivity of individual sera possessing the same VN titres. This might be caused

by the detection of different antibody classes in each test as the dominant antibody changes with time from

IgM to IgG [9, 20]. The ELISA was carried out utilizing an anti-species conjugate whose activity was largely
directed against IgG, though with some activity against IgM. In contrast, IgM is regarded on a molar basis
as being more effective at virus neutralization than IgG [21] and hence would have greater influence on the

VN test. The two tests would therefore tend to show slightly different activities, depending on the time

which elapsed between the onset of infection or vaccination and the nature of the individual response. Thus,
the single dilution ELISA mean OD may not correlate exactly to the VN titres. Hill et al [22] mentioned
that the ELISA has not been used successfully as a quantitative test for the detection of pseudorabies

antibodies, which made the test less desirable in this regard than the VN test.
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Fig. ]. Co/relation between VN titres and reactivity in ELISA.

In Thailand and other developing countries, ELISA techniques are not limited to only main

laboratories as is the more complicated VN test. The ELISA techniques can be easily transferred for use
in routine serodiagnosis in less well equipped laboratories. Between the two ELISAs tested in this study,

the indirect ELISA established at our laboratory seemed to be more suitable as a routine screening test in
Thailand, for both practical and economical reasons.

However, the selection of a test is also depended on the purpose of the study. The VN test is
suitable for detection of the neutralizing antibody litre, but the ELISAs are more suitable in other aspects,
particularly as screening tests. Work will continue to develop methods to express ELISA results as titres,
in order to apply the lest to monitor the results of vaccination routinely practiced in intensive pig-production
units in Thailand.
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Abstract
PORCINE PSEUDORABIES: ELISA TEST AS PART OF A HERD CONTROL SCHEME IN PIGS IN THE STATE OF RIO
GRANDE DO SUL (BRAZIL).

A serological survey to detect antibodies to porcine pseudorabies (PR) was carried out using an
indirect ELISA test which uses a protein A peroxidase conjugate. 2908 serum samples were collected from
30 nucleus pig breeding farms located in 21 different municipalities in the State of Rio Grande do Sul. The
tests were part of a programme of farm certification of freedom from pseudorabies disease designed to
control and eradicate the disease. No animals were found to be positive.

1.

INTRODUCTION

The State of Rio Grande do Sul (in southern Brazil) has one of the biggest pig industries in the
country (4 million animals) and accounts for a considerable part of the meat, lard and leather production.

It is therefore important that the current epidemiological status of any disease which could adversely affect
this industry is monitored, in order that control measures may be implemented where necessary.
The first diagnosis of porcine pseudorabies (PR) in Rio Grande do Sul was made in 1955 in a bovine
[1]. Since then, occasional tests for PR have been performed in our institute using the serum neutralization

test or virus isolation, at the request of field veterinarians. There has been no evidence of PR in the last 20
years, either clinically or on the basis of laboratory tests and there is no vaccination policy.

The purpose of this project was to establish whether herds supplying breeding animals in Rio
Grande do Sul were free of disease by serological testing. As a high percentage of sera were found to be
toxic in the VN Test, an ELISA test was used. It was hoped that the ELISA would also give improved
sensitivity and specificity as suggested by Moutou and Toma [2].
2.

MATERIALS AND METHODS

2.1.

Sampling procedure
The State of Rio Grande do Sul has three important regions of pig production, "Vale do Taquari",

"Alto Uruguai" and "Missoes" located in the Central and Northern part of the State comprising 90% of the
pig production. In those three areas 56 nucleus farms supply breeding animals to farms involved in fattener
production.
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As the latency of the infection caused by this herpesvirus dominates the epidemiology of PR, it was

decided that a serological survey of 100% of the adult animals on the nucleus farms should be carried out.
Seropositive animals would be slaughtered and the farm disinfected twice before resuming breeding activities.

Testing would be repeated at 6 monthly intervals and herds would be certified free of disease after
two consecutive negative tests. The field work was carried out by official veterinarians from the State

Department of Animal Infectious Disease. 2908 serum samples were collected from 30 pig farms.
22.

Virus neutralisation (VN) test
The VN tests were conducted basically according to Todd et al. [3] and using field virus samples

isolated in our laboratory from an outbreak in the north of the country.
A microtitre test was employed using 100 TCID50 of virus added to doubling dilutions of serum and

incubated for one hour at 37°C. Sera were diluted in modified Eagle's minimal essential medium containing
3 per cent goat serum. RK 13 cells, 2.2 x 104, were added per well and the plates covered and kept in a
gassed incubator (10 per cent CO2) at 37°C. Reading for cytopathic effect was carried out on the third and
fifth days. A negative serum and a positive serum of known titre were included as controls. Titres were

expressed as the reciprocal of the initial dilution of serum which neutralised 100 TCID50 of virus.
23.

Antigen Preparation

The ELISA employed was based on the indirect method for antibody detection described earlier [4].

Each of 15 x 800 ml plastic bottles containing monolayers of RK 13 cells were infected with 107 TCID50 of
the stock virus antigen, overlaid with 100 ml of modified Eagles's minimum essential medium without serum
and harvested at maximum cytopathic effect, after 24 to 36 hours. The harvested culture fluid was

centrifuged at 1000 g for 20 minutes and the deposited cells resuspended in 10 ml of 0.01 M phosphate
buffered saline (PBS) pH 7.2, freeze-thawed twice and sonicated to release the virus. Cell debris was

removed by centrifugation at 1500 g for 20 minutes and the virus pelleted from the supernatant at 65,000 g
for 90 minutes. The pellet was resuspended in 15 ml of 0.1 M bicarbonate buffer pH 9.6.
The control antigen was prepared in the same way by using uninfected cultures and scraping off the
cells. The optimal working dilutions of both antigens were determined by a chequerboard titration against

conjugate dilution and were usually in the order of 1:100. Both antigens were dispensed into aliquots and

stored at -70°C.
2.4.

ELISA test

One hundred microlitres of positive and control antigen, optimally diluted in bicarbonate buffer were

dispensed into alternative rows of wells of Dynatech (M129B) micro ELISA plates, which were then
incubated overnight at 4°C. Before use the wells were emptied and the plates washed with 100 /ul per well
of PBS plus 0.05 per cent Tween 20 (PBST). The wash fluid was discarded and volumes (100yul) of each

test serum diluted 1:40 in PBST were added to each pair of positive and control antigen coated wells. A
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known negative and a weak positive serum were included on each plate, so that 46 sera were tested per plate.
The plates were incubated for 30 minutes at 37°C in a moist chamber. The plates were emptied and washed
three times as previously.
One hundred microlitres of a dilution 1:10000 protein A peroxidase conjugate (MA-P8651) in PBST

were added to each well and incubated as before for 30 minutes. The conjugate solution was discarded and
the plates washed five times as before with 30 seconds shaking in between washes.

The ortho-

phenylenediamine (OPD) plus 0.005% of H2O2 was used as subtrate (1007ul per well) and incubated as
above for 10 minutes.
Optical densities of test reactions were then recorded using a Titertek Multiskan micro ELISA

reader (Flow Laboratories) using a 492 nm filter. The results was expressed as the difference between the
positive and negative antigen well absorbances for each serum.

Two hundred sera from pigs from areas with no previously recorded history of pseudorabies were
tested as a negative population (n=200) and a mean absorbance difference established.
Absorbance differences exceeding that of the negative population mean by more than three standard

deviations were considered to be positive (confidence limits 99.8 per cent).

3.

RESULTS
Up until the time of this report, 2908 sera were tested and no positives have been detected. Thirty

nucleus breeding units have been certified as free from PR since the certification scheme commenced in
August 1989. These farms are situated in 21 different municipalities.

No problems were experienced with the ELISA test using protein A peroxidase conjugate. This test
considerably increased testing capacity and proved quicker and cheaper than VNT.

4.

DISCUSSION
For many years the major difficulty encountered in serological surveys using the VN test was the

cytotoxicity found in a large number of sera. The use of the indirect ELISA method using the protein A

peroxidase conjugate solved this problem as well as being quicker and cheaper than the SN test.
The use of a highly sensitive system such as the ELISA test some times introduces problems of false

positive results. To reduce, if not remove completely this problem, only positive absorbance difference values
that execeeded three times the standard deviation of the negative samples were considered positive. The
control scheme commenced with nucleus breeding herds as these herds are responsible for dispersal of

animals to other farms. A latent infection occurs frequently in PR and therefore positive animals in a
nucleus herd could quickly result in spread to other herds.
It is intended that the certification programme will continue until all of the nucleus herds have been

certified free. Thereafter, a survey of serum samples collected from abbatoirs will start and positives will
be traced back to establish the source. Ultimately, this approach should ensure complete eradication of the

disease.
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Abstract
DETECTION OF CELLS INFECTED BY THAILAND STRAINS OF PSEUDORABIES VIRUS USING A SPECIFIC DNA
PROBE.

The Thailand strains of pseudorabies virus (PRV) have been shown to belong to the type IV group
based on the Bam HI restriction enzyme pattern of PRV DNA. This pattern was only found in isolates
originating from Thailand.

A DNA probe (pTM16) cloned from the Phylaxia strain of PRV hybridized to both the Thailand
PRV isolates CB-1 and NB-1 and defines also the difference in the Bam HI restriction enzyme pattern. This
DNA probe can thus not only be used b the diagnosis of PRV in Thailand but also in combination with Bam
HI cleavage to discriminate between the European and Thailand strains of PRV. A similar sensitivity of
detection was found both in the European and Thailand strains of PRV.

1.

INTRODUCTION

Pseudorabies (Aujeszky's disease), a worldwide distributed disease with the exception of Australia,
which causes severe economic loss in swine production, has also affected the swine industry in Thailand since
1977 [1]. Virus isolation and various serological tests are commonly used to diagnose the infection. The
problems of specimen collection and transmission of samples to laboratories from rural areas lead sometimes

to unsuccessful attempts at viral isolation. The presence of virus latently infected, seronegative animals
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makes serological tests unsuitable for detecting the presence of infection in all animals. The detection of

viral nucleic acid to show the presence of virus has been achieved with various techniques. Gutekunst [2]
used cRNA-DNA hybridization to show the presence of viral DNA in trigeminal ganglion during latent
infection and Rhiza et al. [3] used in situ hybridization to demonstrate the presence of viral DNA in several
organs during latent infection.

McFarland and Thawley [4] described the hybridization of restriction

fragments of PRV DNA to Southern blots of DNA from infected tissue to detect infection. Linné [5], Belak
et al.. [6] and Belak and Linné [7] utilised DNA probes directed against PRV as diagnostic tools to detect

the presence of PRV in organ materials by a simplified dot hybridization assay. More recently the
polymerase chain reaction, PCR, has been used to amplify the PRV DNA from both acutely and latently
infected pigs to amounts which are easily detectable by probe hybridization [8-10].
Herrman et al. [11] reported that four main genome groups of PRV could be differentiated by Bam

HI restriction digestion. These groups clustered in distinct geographic areas. Type I was found in Europe
while type IV was striclty limited to isolates that originated from Thailand.

The purposes of this study were to test whether the specific DNA probe derived from PRV Phylaxia
strain could hybridize and discriminate the Thailand PRV isolates CB-1 and NP-1 from the European strains,

and to determine the detection level for both DNA and PRV-infected cells. Some local bacterial isolates
likely to be found contaminating samples were also tested for possible cross hybridization with the DNA
probe.

2.

MATERIALS AND METHODS

2.1.

Cells and viruses

The RPTG cell line (pig kidney origin, which was kindly supplied by Dr. P. Vannier, France), grown
in Eagle's MEM supplemented with 10% foetal calf serum was used for the propagation of the cytopathic

PRV isolates CB-1 and NP-1. These strains were isolated from outbreaks in the central part of Thailand
in 1987. The stock virus of the 5th passage was used to infect monolayers. Infected cells and normal cells
were scraped off and washed twice in PBS then counted by Hemocytometer.

22.

Bacteria

Cultures of local isolates of bacteria which are normal contaminants: E. coli. Streptococcus sp..

Staphvlococcus sp. and Proteus sp. were grown on nutrient agar plates. A single 1 mm diameter colony
(appr. 109 cells) was used for dilutions.
23.

Enzymes

Enzymes were purchased from Bethesda Research Laboratories and were used as recommended

by the manufacturers. Proteinase K was from Serva.
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2.4.

Filter Membrane

The "Gene Screen Plus" hybridization membrane (New England Nuclear, Boston, USA) was used

in this study.
2.5.

Purification of PRV and extraction of DNA

Purification of virus and extraction of DNA was according to Linné [5].

2.6.

DNA probe

The pTM16 probe in the plasmid form was used [5]. The bacteria was grown in LB broth with 12.5
ug/ml of tetracycline and the plasmid was extracted as been described by Maniatis et al. [12].

2.7.

Radioactive labelling

The DNA probe was labelled with a-32P dATP by nick-translation [12].

Specific radioactivity was

7

around 10 cpm/g.

2.8.

Quantitation of double stranded DNA

The amount of extracted DNA was calculated from the optical density at 260 nm.

2.9.

Dot hybridization assay of samples

The DNA preparations of PRV Phylaxia strain, PRV CB-1 strain, the uninfected and infected RPTG
cells and the four bacteria isolates as well as probe DNA were serially diluted and denaturated by adding
NaOH to 0.4 M and incubated at room temperature for 10 minutes. The denaturated DNA was directly

applied onto the membrane filter, previously soaked in 2 x SSC (1 x SSC; 0.15 M NaCl, 0.015 M Na-citrate),
in the dot-blot manifold apparatus (BioRad). After filtration the membrane was dried for 15 minutes at

65°C followed by treatment with proteinase K (0.1 mg/ml) for 2 hours at 37°C. Then the filter was
presoaked for 1 hour at 65°C in l M NaCl, 0.5% Sodium dodecyl sulphate, 10% dextrane sulphate and 100
g/ml of single-stranded fragmented salmon sperm DNA was added to the prehybridization mixture and
hybridization was performed overnight at 65°C. After hybridization the membrane was washed in 2 x SSC
at room temperature for 20 minutes, 2 x SSC containing 0.5% SDS at 65°C for 30 minutes and finally 0.2
x SSC at room temperature for 20 minutes. The filter was dried and autoradiography was carried out with
RX Fuji X-ray film at -70°C overnight.
2.10.

Restriction enzyme cleavage, agarose gel electrophoresis and electrotransfer of DNA

The purified DNA was cleaved with restriction endonucleases according to the manufacturer. The

DNA fragments were separated on 0.7% agarose gel electrophoresis in Tris - Borate - EDTA (0.09 M - 0.09
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M - 0.002 M) buffer and visualized by EtBr staining. The DNA-fragments in the gel were denaturated and
electrotransferred to the membrane filter in a trans-blot cell (BioRad) according to the manufacturers

instructions. Hybridization and autoradiography were as above.
2.11.

Purification of the probe insertion

The plasmid pTM162 was digested with Pst I, separated on agarose gel electrophoresis. The insert
(~2 kilobase pairs) was cut out from the gel, purified by isotachophoresis [13] and labelled as described

above.

3.

RESULTS

3.1.

Differentiation of the PRV Thailand isolates from the European strain

The DNAs of the Thailand isolates CB-1

and NP-1

and the European PRV (Phylaxia) were analysed

by restriction enzyme cleavage with the enzymes Bam HI and Pst I, followed by agarose electrophoresis
(Fig.

1 A). Similar restriction patterns, characteristics of group IV genome [1] were seen in the both

Thailand strains. Differences were revealed between Phylaxia and the Thailand strains both in the Pst I and

Bam HI patterns as been reported earlier [11]. The pTM16 insert recognized the Bam HI fragment which
showed different mobility (Fig. 1 B), characteristic of the group IV PRV DNA,

thus discriminating between

European and Thailand strains. The recognized Pst I fragements were of similar sizes in all the viruses
tested (Fig. 1 B).

3.1.1.

Specificity
The pTM16 DNA probe, which had earlier been used to detect infection of European strains of

PRV [5,6,7,9] can also hybridize specifically with PRV CB-1

isolate infected cells (Fig.

2). No hybridization

was seen in the uninfected pig cells. When the different bacterial isolates were tested, more than 107 cells
of E. coli gave a signal (data not shown).

Other normal bacterial contaminants showed no cross-

hybridization with this probe.

3.7.2.

Sensitivity
The labelled probe detected around 1 pg of homoologous probe DNA.

infection was around 10-50

The detection level for PRV

infected cells (Fig. 2) and for the purified DNA from both the CB-1

isolate and

6

the Phylaxia strain were found to be around 500 pg (Fig. 3) (around 3.5 x 10 genome equivalents).

4.

DISCUSSION

Situations can arise when virus isolation and other antigen detection methods can not detect the
presence of PRV infection in the animal. Due to unproper handling of the sample the antigen can be
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Fig. 1 Hybridization of the pTM 16 probe to restriction enzyme digest of PRV DNA.
A.

DNA was extracted from purified PRV virions and cleaved with restriction endonucleases. Tlie digest
were analysed on agarose gel electrophoresis. Phylaxia strain cleaved with Pst I (a) amd BAM HI (e).

Thailand isolate CB-1 cleaved with Pst I (b) and Bam HI (f).

We Ttiailand isolate ND-1 cleaved with

Pst I (c) and BAM HI (g). Pst I cleavedpTM16 (d) and lambda DNA cleaved with Hind HI (m) are
included as markers (numbers to the right indicate kilo base pairs). An EtBr stained gel is shown. T7ie

white squares indicate the strain specific Bam HI fragment.
B.

The DNA's in A were transfered to a membrane filter and hybridised with the gel-purified labelled

pTM16 PRV insert. Samples as in A. An autoradiograph of the filter is shown.

destroyed. Under latently infected conditions the viral DNA is deposited in the central nervous system of
the animal. Seronegativity or low seropositivity makes it difficult to ascern if the animal carries the virus.
The detection of viral nucleic acid is one technique which can detect the presence of virus. Methods based
on nucleic acid hybridization can be used both in acutely infected animals [7] and to look for carriers without

symptoms. The pTM16 probe derived from PRV Phylaxia was previously used in the above described

situations [7] to detect PRV infection. Here we showed that the most distant genomic goup IV, the Thailand
strains, could be detected by the pTM16 probe and also, after Bam HI cleavage of the DNA followed by
hybridization with the pTM16 probe, could easily be differentiated from the other strains. This method will
be very useful both in Thailand and in other countries in order to look for the infecting virus causing
outbreaks connected to import or export animals. A latent PRV infection can be transmitted undetected

with export/import of pigs between countries.
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Fig.2 Demonstration of the specificity of pTM16
to the PRV Thailand strain. Uninfected RPTG

ceils (a) or Thailand CB-1 isolate infected
RPTG cells (b) were applied to a membrane

filter and hybridised with P^-labelled pTM16.
Numbers of cells are shown to the right. An
autoradiogram of the mebrane filter is shown.

When the probe was hybridized to PRV DNA a detection level around 500 pg viral DNA was found.
The detection limit found earlier was around 20-50 pg of viral DNA [5]. However, a strict specificity for
PRV-Thailand infected cells over uninfected cells was demonstrated.
The problems of bacterial contamination of specimens during collection and/or transmission of
samples to laboratories from rural areas could complicate the diagnostic outcome. Therefore the possible

crosshybridization to four natural contaminating bacteria: E. coli. Streptococcus sp.. Staphylococcus sp. and
Proteus sp. was tested. Huge amounts of E. coli (>107 cells) gave a signal (not shown). This background
could be avoided if the PRV insert of the pTM16 plasmid is cleaved out and separated from the PBR-part

before labelling (data not shown). A possibility may be that the local isolate of J2. coli used here as a
hybridization target carried a natural plasmid giving a hybridization signal to the PBR-part of the pTMlo
probe.
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Fig. 3 Demonstration of the sensitivity of
detection ofPRVDNA.

0,2

DNA from Thailand

CB-1 strain (a) and Phylaxia strain (b) were
diluted and applied to a membrane filter.

P^-labelled pTMlo was used as the
hybridization probe. An autoradiogram
of the membrane filter is shown.

The detection of PRV in infected cells by dot-hybridization with a virus specific probe [5,6,7,14], a

technique which was used in this study, is a sensitive alternative to the conventional virus detection
techniques, especially when it is combined with non-radioactive probes to solve the problem of radioactive
hazard and short shelf life.

Further improvements such as using the direct filter method [8] or amplification by PCR [8-10] will
make the nucleotide hybridization based diagnostic methods of wider practical use. The development of
DNA probes which differentiate between isolates will be a future valuable tool in tracing the presence of

PRV causing outbreaks.
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Abstract
THE USE OF ELISA AND NUCLEIC ACID HYBRIDIZATION TESTS IN RESEARCH AND DIAGNOSIS OF BOVINE
LEUKOSIS VIRUS.

Enzootic bovine leukosis (EBL) is a disease that affects adult cattle although animals can carry the
virus without showing any clinical symptoms. An initial survey in Cuba using the agar gel immunodiffusion

test (AGIO) revealed that only 15% of the animals on the island were infected and it was therefore decided
to undertake a control and eradication campaign. However prior to the onset of this campaign it was felt
necessary to examine a variety of more modern diagnostic procedures to determine which might be most

applicable.
For the detection of antibodies an ELISA system based on the use of SUMA (a micro-analytical
system developed in Cuba) was compared with the AGIO and syncytia inhibition test and found to be more
sensitive than AGID and far more suitable for large-scale use than either of the other two. For detection

of viral proteins the ELISA was compared with a reverse transcriptase assay and the use of
immunoperoxidase staining. The latter two methods detected viral proteins in over 50% more samples than
the ELISA and although the ELISA is more simple than either of the other to assays when used routinely,
its low sensitivity would preclude its use in an eradication programme.

1.

INTRODUCTION

En/,ootic bovine leukosis (EBL) is a disease that affects adult cattle [1]. The disease can be present
without obvious clinical signs as persistent lymphocytosis or lymphocarcinoma. The etiological agent is a

rctrovirus [2] called bovine leukosis virus (BLV), and infected animals maintain the virus genome
incorporated into host DNA.
be used for diagnosis [3J.

Antibodies arc often produced on infection and thus serological methods can
Other techniques have been developed to determine virus or viral genes in

infection in the early stages of disease where antibody levels arc non existent or low. In Cuba, EBL has been
identified using serological and other virological studies [4j and a survey made in 1986, using the agar gel
immunodiffusion test showed that 14.6%

of animals were infected and a control programme was instigated.

For the conducl of this programme further studies on the disease were required mainly to determine the
incidence of disease in Cuba after developing serological and virological methods based on new developments
in molecular biology.
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2.

MATERIALS AND METHODS

2.1.

Measurement of antibodies

2.1.1.

Antigen
A semi-purified glycoprotein antigen (g25) was prepared from the supernatant of BLV-infected FLK-

BLV cells by the method of Gupta and Ferrer [5] except that the glycoprotein was precipitated using

ammonium sulphate and dialysed against adsorption buffer before use in ELISA.

2.7.2.

Sera
A positive reference anti-BLV antiserum was obtained after vaccination of rabbits with semi-purified

glycoprotein (g25) antigen prepared in our laboratory. Positive and negative antisera were also obtained

from a commercial immunodiffusion kit (Leukassay, Pitman Moore). Sera from animals which were

pathologically, serologically and virologically negative or positive were also available.

Five hundred

virologically negative or positive sera were available. Five hundred cattle sera from herds where EBL was

implicated were also examined.

2.1.3.

Enzyme conjugate

A rabbit anti-bovine IgG was conjugated to alkaline phosphatase using gluteraldehyde as described
by Voller et al. [6]. The conjugate was titrated in a direct ELISA using bovine IgG attached to the solid

phase.
2.1.4.

ELISA

This was performed using an ultramicroanalytical system (SUMA). The conditions, eg. times and
temperatures of incubation, result from preliminary experiments using positive and negative sera to
determine the greatest differences in reaction. Special polystyrene plates suitable for 10 /il volumes for each
stage of the test and prepared for the SUMA were used.
Antigen was diluted in 0.05M
carbonate/bicarbonate buffer, pH 9.6 and added (10 /il) at an optimal concentration of 90 /ig/ml
(determined in preliminary experiments). Plates were incubated for 4 hours at 30°C. Plates were then
washed using phosphate buffered saline (PBS), containing 0.05% Tween 20. Wells then received 10 /il of

a (1/20) dilution of test or control sera diluted in PBS containing 5% normal rabbit serum. Plates were
incubated for 18 hours at 4°C after which they were washed. Anti-bovine alkaline phosphatase conjugate

was then added diluted in PBS containing 2% horse serum and incubation of plates was for 3 hours at 37°C.
Plates were washed in PBS then distilled water and substrate solution was added containing 4 methyl
umbellifery] phosphate (0.13 mg.ml of diethanolamine buffer, pH 9.8). Fluorescene was measured in the

SUMA apparatus and the results expressed as fluorescent units. The data was analysed using a computer.
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2.1.5.

Immunodiffusion

test

The immunodiffusion test (ID) test was performed according to the method described by Gupta and
Ferrer [5], using a commercially obtained virus glycoprotein and positive and negative control sera.

2.1.6.

Syncytia inhibition test
This was performed as described [7]. The cells used were the virus-infected cell line FLK-BLV and

the FCC-81 line which show cytopathic effects (syncytia) on infection. Twenty four well plates were used
for cultivation of cells. The test involved the titration of sera and assessment of their ability to prevent
infection and syncytia formation of pre-titrated mixtures of the two cell lines above.

2.2.

Detection of virus protein

2.2.1.

Immunoperoxidase staining

This assay relied on the cultivation of FCC-88 (indicator) cells with samples possibly containing BLV

on round cover-slips placed in 24 well plates (1-4 x 105) in MEM containing 10% foetal calf serum. They
were then incubated with phytohaemagglutinin (0.02 mg/ml). Various samples were then added to the

indicator cells which were then examined for signs of infection and stained as described below. The sample
added included (i) positive control, addition of FLK-BLV cells; (ii) lymphocytes from positive and negative
animals. Cells were stained after fixation in methanol for the detection of viral material. Endogenous

peroxidase activity was neutralised by the addition of H202 (10 n\ of a 3% solution per 100 (A PBS). After
washing, rabbit anti-g25 serum was added at a pre-titrated optimal dilution in O.IM PBS, pH 7.4 containing

10% bovine serum albumin. After incubation for 1 hour in a moist chamber the cover-slips were washed
in PBS and 100 jul of anti-rabbit IgG peroxidase conjugate was added in the same buffer as for the serum.
A solution of diaminobenzidine at 1 mg/ml in PBS and 0.67 fA H2O2 per 10 mis was added to each cover
slip (100 /J\). Cover-slips were mounted in buffered glycerol (1 volume glycerol + 9 volumes PBS) and
examined using a light microscope.

2.2.2.

Detection of reverse transcriptase activity
Cells used in this study were FLK-BLV, FCC-88, lamb corneal cells-OFC (control negatives) and

lymphocytes from infected and non-infected cattle. Cells were cultivated for 5 days and clarified by lowspeed centrifugation. The supernatants were centrifuged at 45 000 g for 20 minutes or at 15 000 g for
2 hours. The resulting pellets were resuspended in lysis buffer containing Tris HOmM, KC1 HOmM, EDTA
l.lmM, DTT (Dithiothreitol) 4mM, Triton X100 1.25%, pH 7.6. Reverse transcriptase (RT) activity was
determined by addition of a volume of reaction buffer containing Tris 250mM, MgCl 25mM, KC1 lOOmM,

DTT 40mM, BSA 10 mg/ml, poly rA oligo dt 10 (0.25 A/ml) and 3H TTP (0.125m/Ci/ml). This was

incubated for one hour at 37°C. The reaction was stopped in an ice bath and 100 ßi of sodium
pyrophosphate (saturated), 100 /il TCA (25%) and 100/d yeast RNA (2mg/ml) was added. The sample was
filtered on to a glass membrane (AFC Whatman), washed with TCA (10% solution) and placed in
87

scintillation fluid and counted using a scintillation counter (Rack Beta, LKB, Uppsala, Sweden). Samples
were designated positive when the mean value (cpm) was three times that obtained from negative controls.
This assay was evaluated against syncytia induction and the ultramicro ELISA tests in 140 cattle samples.

23.

Nucleic acid hybridization studies
A nucleic acid hybridization assay (H) was performed using the reagents supplied by Dr. J. Moreno-

Lopez, Biomedicum Centre, Uppsala, Sweden. The probe was supplied as a plasmid PVC-18 with an insert
from the genome of BLV corresponding to the glycoprotein region in the viral envelope. The specific activity

of the probe was 7 x 107 cpm/fan DNA. Hybridization was performed using 1ml hybridization solution (50%
formamide) for each sample and labelled probe (105cpm). Hybridization was allowed to proceed for 18

hours at 42°C after which the membrane was washed, dried at 70°C and finally read using a ß-counter. The
sensitivity of the assay was determined using a DNA concentration curve (1/Ltg-lpg) and its specificity using
DNA from cells infected with caprine and human retrovirus. Sensitivity and specificity were compared using
this assay on 140 ultramicro ELIS A-negative and positive bovine samples.

3.

RESULTS

3.1.

Serological survey
The indirect ELISA developed using SUMA was successful in determining antibodies from cattle

sera. The optimal conditions for the test are as described in the methods. The results were expressed as
P/N ratios relating the fluorescence units for test and control positive sera to a negative serum. The negative
value was obtained from examination of a number of negative sera and examination of the distribution of
values. A control negative serum giving the value corresponding to the observed mean was used as control

in all plates. Table I shows the results of the survey conducted on over 23 00 animals. It was found that
only 10.6% of animals with BLV antibodies were under 2 years old, the remainder being older than this.

32.

Comparison between ELISA, SI and ID tests
The results of these comparisons are summarized in Table II. These show a 100% correlation

between ELISA and SI, and that the ID was not as sensitive as either of these tests. Three sera were initially

found positive by SI and ID but negative by ELISA. Upon further evaluation (sampling every 3 months),
these sera were found + ve by ELISA.

33.

Comparison between ELISA and RT and H tests
The results of these tests, conducted on samples obtained from 140 animals are summarised in

Table III. These show that all ELISA +ve samples were also +ve by RT and H tests, but that of
approximately 50% of ELISA test results found to be -ve, approximately 50% were +ve by both RT and H

tests. These tests were found to be equally sensitive in detecting virus.
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TABLE I. RESULTS OF SEROLOGICAL SURVEY USING ELISA-SUMA

No. of Samples

+ve

% +ve

1

2071

1061

51.2

2

1303

582

44.7

3

1892

527

27.9

4

2138

522

24.4

5

1269

64

5.0

6

1316

146

11.1

7

1770

510

28.8

8

1455

689

47.4

9

1721

854

49.6

10

287

45

15.7

11

2334

563

24.1

12

2530

480

19.0

13

3165

404

12.8

Total

23251

6447

27.7

Farm

TABLE II. CORRELATION BETWEEN ELISA, SI AND ID TESTS ON
BOVINE SERA FOR BLV ANTIBODIES

ELISA +
-

Immunodiffusion

Syncytia Inhibition

177

80

257

8

5

238

5

238

TABLE III. RELATIONSHIP BETWEEN ELISA ANTIBODY DETECTION
AND REVERSE TRANSCRIPTASE AND HYBRIDIZATION TEST RESULTS

Hybridization
No. +ve

No. -ve

Reverse Transcriptase
No. +ve

No. -ve

ELISA +ve

100

0

100

0

ELISA -ve

22

18

20

20
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TABLE IV. COMPARISON OF VIRUS DETECTION USING REVERSE
TRANSCRIPTASE AND SYNCITIA INDUCTION ASSAYS

No of

Syncitia Induction

samples

3.4.

+

Reverse Transcriptase
+

ELISA +

13

13

0

13

0

ELISA -

16

7

9

10

6

Comparison between ELISA, SI and RT tests
Results of this comparison (Table IV) showed that all samples +ve by ELISA were also +ve by SI

and RT, but that a significant proportion of samples found to be negative by ELISA were + ve by SI (around
50%)

and RT (50%). On the basis of these results, the RT appears more sensitive than SI and substantially

more so than ELISA. The immunoperoxidase technique proved useful in detecting antigen in infective cells

confirming the specificity of SI assays.

4.

DISCUSSION

The development of an indirect ELISA and its use in the SUMA system was successful for the
specific detection of antibodies against BLV in cattle sera. The SUMA system is semi-automatic and uses
10 times less reagents than normal microtitre-plate ELISAs although the concentrations of reagents may be
higher. The results were read automatically and data computed to allow easy management. Since the

ELISA was developed using a chromogenic substrate, this methodology is not widely applicable because
fluorescence readers are required to measure activity. Nevertheless, this technology is widely used in Cuba
and has been standardised for a wide range of diseases and was found to be ideal for conducting our surveys.
The ELISA was more sensitive than the ID as observed by the greater number of ELISA positive animals
(confirmed by other tests) that were not diagnosed by the ID. The ID however, is still useful in countries
were ELISA technology is not available and has been used successfully in other control programmes.

The ELISA showed that there was a high prevalence of antibodies in the cattle sera examined. In
4 production units, 30% or greater of the animals were infected and the mean level was around 28%. The

syncytia inhibition assay results were similar to those of the ELISA and since the latter test is more difficult
to perform, requiring a biological system, then the ELISA can be recommended. One problem of the ELISA

may be the specific conjugate used [8], since three sera found positive by ID and SI were negative by ELISA;
this may be related to the fact that IgM is produced at relatively high concentrations as compared to IgG
at some periods following infection [9].
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Results for the use of the antigen, nucleic acid and reverse transcriptase detection methods showed
that the ELISA did not detect all infected animals, probably since not all infected animals produced antibody.

The hybridization methodology was most sensitive being assessed as detecting the most positively ascribed
samples, but both the syncytia induction (immunoperoxidase stained confirmed) and the reverse trancriptase
assays were similar to each other and to the former test. The hybridization test is simplest to perform
although sample preparation and application are laborious. Its usefulness would be greatly improved if the

probes could be labelled with enzymes to avoid the necessity of using radioactive isotopes. If cells are
available, then syncytial induction appears useful, but the reliance on biological materials with associated
problems of culture contamination and variability on passage make it impractical. The reverse transcriptase

assay is laborious and also requires the use of radio-labelled compounds which makes it less applicable in
non specialised laboratories. Generally, these tests revealed infection by BLV in around 50% of samples

diagnosed as negative by ELISA. This may have serious implications in control strategies, and must be
taken into account where total eradication is required.
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EPIDEMIOLOGICAL STUDIES ON ORBIVIRUSES
IN INDONESIAN LIVESTOCK
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Abstract
EPIDEMIOLOGICAL STUDIES ON ORBIVIRUSES IN INDONESIAN LIVESTOCK.

In 1987 sentinel herds of sheep, goats and cattle were established to study the seasonality and range
of orbiviruses affecting livestock in Indonesia. To fully utilise the material and data available from these

herds it has been necessary to establish viral isolation and identification methods, serological techniques
based around the ELISA and methods for insect trapping and identification. To a large extent these
methodologies have now been introduced into the Research Institute for Veterinary Science.

Initial results have shown a distinct link between insect activity and the onset of virus activity in
ruminants and at present bluetongue virus types 9 and 7 have been isolated. These studies will continue with
particular emphasis on the local production of reagents for virus isolation and the ELISA.

1.

INTRODUCTION
Clinical signs of bluetongue (BLU) and related viruses have not been reported in Indonesian

ruminants, but have occurred in imported Suffolk sheep. A broad serological survey has been conducted [1,2]

and viral isolation attempted to give more information on the epidemiogy of BLU and related viruses. These
studies indicated that large ruminants have a higher prevalence of reactors than small ruminants, both in the
AGID (BLU virus group specific) and SN tests (serotype specific).

Sentinel herds of cattle, goats and sheep were established in 1987 and in general the herds located
at low altitude sites had more serologically positive animals than those at high altitude. The seasonal pattern
of seroconversions to the BLU virus group-specific antigen was, in general, the same in the 2 years of

observations [3]. This sentinel programme was extended for a further 5 years to obtain more precise
information on seasonality and to facilitate the collection of a number of virus isolates. Initially work at the

Research Institute for Veterinary Science, Bogor (BALIVET) aimed at establishing viral isolation and
identification methods and the BLU virus group-specific blocking ELISA for serological studies.
2.

MATERIALS AND METHODS

2.1.

Sentinel cattle sample collections

Ten to 15 individually identified Friesian Holstein cattle were bled weekly for monitoring of orbiviral
infections at a low altitude site (70 m Depok area) and similarly but with monthly bleeding at a high altitude
site (1300 m, Cisarua area). Heparinized blood and whole blood for serum were collected. After 1 year of
monitoring, new groups of cattle were used at the same sites.
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22.

Serological tests

Sera obtained from sentinel cattle between 1987-1989 were tested by AGIO [4, 2] and the blocking

ELIS A [5]. Virus neutralization (VN) assays using local viral isolates of sentinel sera and survey sera was
performed.

23.

Viral isolation

Heparinized blood samples from weekly collections from 1987 and 1988 were inoculated onto BHK21 cell cultures [6]. Heparinized blood samples from weekly collection in 1989 and 1990 were inoculated into

10 to 11 day old embryonated eggs [7]. After intravenous inoculation of 10-11 day embryonated eggs, they
were observed for 5 days for embryo lethal effect (ELE). Dead embryos at the first day post inoculation (PI)
were discarded. From dead embryos at the second to fifth day PI the hearts were taken and ground up in
tissue grinders with 2 ml of growth medium (MEM + 5% FCS + 100 lU/ml Kanamycin) before filtering

through 450 mm Millipore filters and inoculation into cultures of the Aedes albopictus cell line. Preparations
were passaged in BHK-21. Cultures not showing CPE after 3 passages were discontinued.
Inocula showing CPE were stored at -70°C and also repassaged in BHK-21. Suspected isolates were
then grown in roller bottles (500 ml) to prepare antigen for the AGID test, and on cover slips for the

indirect immunofluorescence (IIF) test.
2.4.

Identification

AGID and IIF [8] tests were used for identification of isolates to the orbivirus group level. Final type
identification was then carried out using the VN test [9] both at BALIVET and the Pirbright Laboratory,
Institute for Animal Health, UK.

3.

RESULTS

The pattern of BLU seasonality from sentinel herds bled in 1987 and 1988 has been published
previously [2, 3]. The isolation system using BHK-21 cell cultures gave 7 isolates from 241 samples, which
were screened in AGID and IIF tests for identification [2]. Two of 7 isolates reacted with BLU and EHD
antisera in AGID and IIF tests. Reactions with a limited number of BLU serotype antisera in the VN test

were tested locally, and the isolates also forwarded for typing to the Pirbright Laboratory, UK. The two
isolates were confirmed as BLU virus types 9 and 7.

Tables I-IV show the ELISA results from sentinel cattle in Depok and Cisarua from 1987 to 1989.

From the end of 1989 to August 1990, improved isolation methods have been used [7] and from 172
samples processed for viral isolation, 34 isolates were obtained with further samples still being processed.
Weekly insect collections planned to be carried out over a one year period from July 1989 to June
1990
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were not completed due to the limited budget. However, previous collections from 1987-1988 have been

TABLE I. SEROLOGICAL RESULTS USING THE ELISA ON SERA COLLECTED

FROM SENTINEL ANIMALS AT CISARUA FROM JUNE 1987 TO JULY 1988

Animal No. Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Ma Jun Jul
C.23
C.24
C.25
C.26
C.28
C.29

C.30
C.31
C.32

C.33
C.34
C.37
C.39
C.40
C.41
C.42
C.43

+ = more than 40% inhibition using the blocking ELISA [5].

sent to Pirbrighl Laboratories for identification and the results are awaited. Further random collections have
been made locally and these are at present being examined by an entomologist at BALIVET.

4.

DISCUSSION

Given the range of methodologies required to be established for these studies the results obtained
to-date are considered satisfactory and the programme of work to be on schedule.

To increase the throughput of sera for serological testing it was planned to produce the antigen for
use in the ELISA test at BALIVET using the method of Anderson [5]. However, initial schedules for this
were revised due to problems with ultracentrifugation of the virus and although in August 1990 one batch

of antigen was produced, the result was not satisfactory. Subsequently other batches of antigen have been

produced, but these have not yet been standardized.
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TABLE H. SEROLOGICAL RESULTS USING THE BLOCKING ELISA AND AGAR

GEL TEST FROM SENTINEL CATTLE - NOVEMBER 1988 TO AUGUST 1989
Animal No. Nov

Dec

Jan

Feb

Mar

Apr

Ma

Jun

Jul

Aug

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

C.63

*

-0

-0

-2

-0

-0

- 1+

-0

-0

-0

C.66

*

-2+

- 1+

-0

-0

+ 3+

*3 +

-0

-0

-0

C.68

-0

-0

-0

-0

-0

- 1+

-0

-0

-0

-0

C.69

-0

-0

-0

-0

-0

-0

-0

-0

-0

-0

C.72

*

-2+

- 1+

-0

-0

-0

-3 +

-2+

-0

-0

C.76

* *

-0

-0

-0

-0

-0

-0

-0

-0

-0

C.79

-0

-0

-0

-0

-0

-0

+ 0

+*

*

*

-2+
«

-0
*

-H*

- 1+

*

C.90

+ 0

*

* = Serum not available;

E = competitive ELISA test result; + = equal or more than 40% inhibition; - = less than 40%
inhibition; A = agar gel irnmunodiffusion test result; 0 : negative, 1-3 degree of positivity

(see Ref. [8]).

TABLE III. SEROLOGICAL RESULTS USING THE BLOCKING ELISA AND AGAR
GEL TEST FROM SENTINEL CATTLE IN DEPOK - JUNE 1987 TO MARCH 1988
1987

1988

Jul

Aug

Sep

Oct

Nov

Dec

Jan

Feb

Mar

EA

EA

EA

EA

EA

EA

EA

EA

EA

EA

D.04

+ 1+

H- 1 +

+ 0

+ 0

+ 1+

+ 2+

+ 2+

+ 1+

+ 0

+ 3+

D.07

+ 3+

+ 2+

+ 1+

+0

+ 0

+ 0

- 0

- 0

- 0

+ 3+

D.12

+ 2+

+ 1+

+0

+0

+0

- 0

- 0

+ 0

+ 0

+ 2+

D.13

+ 2+

+ 1+

+ 0

+ 0

- 0

+ 1+

+ 1+

- 0

- 0

+ 3+

D.15

+ 3+

+ 2+

+ 2+

+0

+ 0

+ 0

- 0

- 0

- 0

+ 1+

D.16

+ 3+

+ 3+

+ 3+

+ 3+

+ 3+

+ 3+

+ 0

+ 0

+ 1+

+ 2+

D.17

+ 1+

+ 2+

+ 1+

+ 1+

+ 1+

+ 1+ + 0

+ 0

+ 1+

+ 3+

D.18

+ 3+

+ 1+

+ 1+

+0

+0

- 0

- 0

- 0

- 0

- 0

D.19

+ 2+

+ 3+

+ 1+

+ 1+

+ 2+

+ 1+ + 1+

+ 2+

+ 1+

D.45

- 1+
**

+ 3+

+ 1+

+0

+ 0

+ 0

+ 0

- 0

+ 0

+ 3+

D.46

**

+ 1+

+ 0

+ 0

+ 0

- 0

- 0

- 0

- 0

+ 3+

D.47

**

+ *

+ *

+ 1+ + 1+

+ 1+ + 0

+ 0

+ 1+

+ 0

Animal No. Jun

* = Serum not available;
E = competitive ELISA test result; + = equal or more than 40% inhibition; - = less than 40%

inhibition; A = agar gel irnmunodiffusion test result; 0 : negative, 1-3 degree of positivity
(see Ref. [8]).
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TABLE IV. SEROLOGICAL RESULTS USING THE BLOCKING ELISA AND AGAR GEL

TEST FROM SENTINEL CATTLE IN DEPOK - DECEMBER 1988 TO AUGUST 1989
Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

EA

EA

EA

EA

EA

EA

EA

EA

EA

D.49

4- 0

+ 2

4- 3

4- 3

4- 3

4- 2

4- 1

+ 3

4-

D.58

- 0

- 0

4- 2

4- 3

4- 3

4- 3

+ *

+1

D.61

- 0

- 0

- 0

4- 3

4-3

4- 2

- 0

4- 2

D.80

- 2

- 0

* *

+ 3

4- 2

4- 2

- 0

4-2

D.82

- 0

- 2

- 0

- 0

- 0

4- 2

- 0

- 0

D.83

- 0

- 0

4- 3

4- 3

4 3

- 0

- 0

4-3

4-

D.85

- 1

- 0

4- 3

*3

4 3

4- 2

*0

4-3

4-

D.109

- 0

- 0

4- 3

4- 3

4 3

4- 0

- 0

4-1

+

D.110

- 0

- 0

4- 0

4- 3

4 2

4- 1

4- 3

4-2

+

D.lll

- 0

- 0

4- 1

- 0

4- 3

4- 2

4- 3

4-3

4-

D.112

- 0

- 0

- 0

4- 0

4- 3

4- 1

- 0

+ 1

4-

D.113

- 0

- 0

4- 0

* *

# *

4- 2

4- 2

4-2

4-

D.117

- 1

* *

4- 3

4- 3

4- 3

4- 2

4- 1

4-2

4-

D.119

4- 3

* *

4- 2

*2

4- 3

4- 3

4- 1

4-3

4-

Animal No. Dec

4-

* = Serum not available;
E = competitive ELISA test result; 4- = equal or more than 40% inhibition; - = less than
40% inhibition; A = agar gel immunodiffusion test result; 0 : negative, 1-3 degree

of positivity.

Weekly insect collections have not been on schedule due to the limited budget and the need to visit
the farms frequently to facilitate both insect collection and bleeding of the animals. Attempts were made to
train local farmers to set insect traps for collection the following day during bleeding of the sentinel animals.

However, this proved unsatisfactory. Very small collections of insects were found and from those insects that
were collected, no Culicoides were identified.

Although the actual sentinel herd programme is on schedule at present, some cattle were lost after
the third and fourth bleedings and only 6 cattle were bled regularly.
Isolation methods based on Gard [7] gave more isolates than previously used techniques. However
this method is more expensive. Maintenance of isolates before identification is a further constraint with some
isolates that had produced CPE in cell culture after 3 passages not producing CPE again when repassaged

after storage at -70°C and liquid nitrogen. In future virus isolates will be stored in PDAM (Parke Davies

Additive Medium) in an attempt to solve this problem.
Future work will initially concentrate on carrying out a serological survey for antibodies to the two

types so far isolated (types 7 and 9). Studies to compare local BLU virus isolates with those from other
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countries using gene mapping are planned. The sentinel herd work will be continued until the end of next
year in the same area. It would be advantageous if sentinel herds could be established in other areas and

in different provinces in Indonesia, to compare the pattern of BLU virus seasonality and isolates with that

at Depok.
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Abstract
SEROLOGICAL STUDIES ON BOVINE LEUKEMIA VIRUS (BLV) INFECTION IN COSTA RICA BY ELISA,

IMMUNODIFFUSION AND WESTERN BLOT TESTS.

The distribution of bovine leukemia virus (BLV) infection in Costa Rica is presented. BLV is
spread throughout the country affecting mostly dairy cattle (Bos taurus) bred in the highlands. BLV isolated
from lymphosarcomatous tumors, was similar or identical to those virus strains isolated from herds in the

USA.

An ELISA with relatively high sensitivity and specificity was developed and a Western blot test was

used as confirmatory test. ELISA was very useful for analyzing the immunoglobulin isotype involved in the
recognition of viral antigens and for screening of a large number of samples. The Western blot test was
important for detecting the antibody response against the individual BLV proteins. Differential recognition

of BLV proteins was observed among the different infected animals. Comparative studies showed that the
ELISA and Western blot tests developed in our laboratory have a better performance for the diagnosis of
BLV infections than some of the commercially available diagnostic kits. A dot blot test using a BLV-cDNA

probe for the detection of provirus in bovine cells was also developed.

1.

INTRODUCTION
Bovine leukemia virus (BLV) is an economically important pathogen of cattle in the Americas [1].

The virus induces the transformation of lymphocytes and the development of lymphosarcomatous tumors,
concomitantly with the appearance of antibodies against the virion [2]. Control programmes are mainly
based on diagnosis by the agar gel immunodiffusion (ID) test followed by removal of infected animals [2].
However, low sensitivity of the serological assays might favor the occurrence of inadvertent BLV infections
in clinically normal herds.
Several proteins have been identified in purified virions [3]: the membrane glycoproteins gp51 and
gp30, the core protein p24, and the low molecular weight proteins p!9, p!5, p!2 and plO. Other proteins
ranging from 72K to 120K have been described as precursor polypeptides or as covalently cross-linked
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proteins [4]. Although most of the BLV proteins have been found to react with sera from BLV-infected

bovines [5], a detailed analysis of the antibody reactivity in relation with different serological assays has not
been reported.
This study aimed to isolate BLV from local herds, to study the distribution and prevalence of BLV

infections in Costa Rica, to develope a sensitive and specific test for the identification of naturally
BLV-infected bovines, and to explore the differential reactivity of bovine antibodies with BLV proteins.

2.

MATERIALS AND METHODS

2.1.

Cells, BLV-antigen, bovine sera and conjugates

The isolation and purification of BLV-antigen grown in either FLK or BatCL2 cells has been

reported elsewhere [6]. Electron microscopy, SDS-PAGE, sucrose gradient centrifugation and CsCl buoyant
density centrifugation were described previously [7, 8].

Isolation of BLV by cocultivation of blood

lymphocytes with non-infected bat cells CCL88 and syncytia induction assay in human embryonic lung cells
HEL 299 were performed as described by Graves and Ferrer [9] and Ferrer and Diglio [10], respectively.
Negative sera were obtained from BLV-free herds from the Federal Republic of Germany1; BLV-positive
sera were obtained from tumor bearing cattle and from laboratory infected bovines [8]; test sera were

obtained from beef herds (Zebu crossbreeds) and from dairy herds (Holstein breeds) with low and high BLV

prevalence of infection, respectively [8]. Different rabbit IgG (affinity purified) anti-bovine Ig, IgGl, IgG2,
IgM and IgA (Sigma Chemical Co., P.O. Box 14508, San Louis, MO 63178, USA) were conjugated with
peroxidase as described by Nakane and Kawaoi [11]. Alternatively, anti-bovine rabbit IgG (affinity purified)

peroxidase conjugates were purchased from Sigma.
22.

Serological methods

Immunodiffusion (ID) test, Western blot (WB) and immunodot analysis were done as described
by Ramirez et al. [12], Several ELISA protocols, including the "EnzygnostR-Rinderleukose" from

Behringwerke and the "ELISA-kit for Animal Disease Diagnosis" from the Food and Agriculture
Organization-International Atomic Energy Agency (FAO/IAEA, Vienna, Austria) were tested. Also, the

ELISA protocol described by Schmeer [13], was used throughout all experiments, with the following
modifications: microwell Module F8 plates (NUNC) were coated with 200 /il/well of BLV antigen (2.5 to
5 fig of protein/ml) dissolved in coating buffer (carbonate buffer 0.05 M, pH 9.6), containing 0.05% Triton
co-100 and incubated 16 h at 37°C. After incubation, the plates were washed 3 times for 5 min each, with
PBS containing 0.2 % casein hydrolysate and 0.1% Tween-20 (Sigma). 200 /il of bovine serum diluted 1/50
in PBS containing l M NaCl, 0.1% Tween-20 and 20% FBS were added to the wells, and the plates were
incubated for l h at 37°C. After incubation the plates were washed as above and 200 n\ of conjugate diluted
in PBS containing 0.1% Tween-20 were added to each well. The plates were incubated for 2 h at 3TC and
washed three times. 200 /d of peroxidase substrate (10 mg of o-phenylendiamine dissolved in 1 ml of
^his text was compiled before the unification of Germany.
100

ethanol, diluted to 100 ml of double distilled water containing 200 /il of 3% H2O2) were added. The color
reaction was recorded at an optical density of 405 nm in a "MicroplateR reader", model MR-700 (Dynatech).
The reactivities of anti-bovine conjugates were tested using an ELISA for the detection of bovine

immunoglobulins against Brucella abortus 1119-3 lipopolysaccharide as described elsewhere [14].

23.

Preparation of BLV-cDNA probes for detection of provirus
Plasmid pB123 containing an insert of 2.5 Kb corresponding to a cDNA of the Env gen of BLV was

obtained from Dr. J. Moreno-Lopez, Biomédical Center Uppsala, Sweden. The plasmid DNA was digested

with the restriction enzymes Bgl II and Sma I, followed by extraction with phenol, phenol/chloroform and
precipitation with ethanol [15]. The DNA fragments were cloned into PUC 13/Sma I and PUC 13/Bam HI
vectors (Manual of Instructions, Bethesda Research Laboratories, 1989, p.51) using T4 ligase enzyme and

the recombinants selected on bacteriological plates containing Xgal and IPTG [15]. Positive white bacterial
colonies were expanded in LB medium followed by alkaline lysis and centrifugation [15]. The supernatant
enriched for plasmids was subjected to electrophoresis in agarose and stained with ethidium bromide [15].
Plasmid PUC 13/Bam HI containing a cDNA Bgl II ENV-BLV fragment (pBLV-Bgl II) was

digested with EcoR I and Sal I followed by electrophoresis in agarose gels [15]. The 1.25 Kb fragment was
recovered from the gel by the method of Vogelstein and Gillespie [16], and then the DNA was labelled by
random primed incorporation of digoxigenin-labelled deoxyuridine-triphosphate with a nonradioactive DNA
labelling kit (DNA labelling and detection kit non-radioactive, Boehringer Mannheim, FRG). Dot blot

analysis with bovine DNA was carried out with the digoxigenin-labeled pBLV-Bgl II cDNA probe as
described elsewhere [17].

3.

RESULTS

3.1.

Distribution and isolation of BLV
As shown in Figure 1, the distribution of BLV infection and detection of bovines with

lymphosarcoma tumors, practically followed the density of dairy farms in Costa Rica (Ministerio de
Agricultura, Censo Agropecuario de 1983, San José, Costa Rica). The high regions (above 1300 m) of the
the Central Valley were the most infected. BLV isolated from lymphocytes of leukemic cows had a buoyant

density of 1.18, gave a reaction of total identity by immunodiffusion test with BLV obtained from FLK or
BatCL2 cells, was able to induce syncytia formation in HEL cells and presented a WB pattern

indistinguishable to that obtained with BLV from cell lines (Figure 2).

3.2.

BLV-antigen preparation and characterization

Both BLV-antigen preparations propagated in either FLK (BLV-FLK) or BatC12 (BLV-BatCL2)
cells were suitable for serological tests. However, FLK cells grew faster, gave better yield, could be
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Fig. 1. Distribution of BLV infection (•) and lymphosarcoma tumors (o) in Costa Rica.

o
CO
(S

Q

0

Fraction N2

Fig. 2.
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CsCl buoyant density centrifugation of-H-uridine labeled BLV. Density determined by refractometry

1.18g/ml. The intensity of the dot blot reaction with polyclonal antibodies is indicated by (-) and (+)
signs.
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cultivated in FBS, NBCS or HS and were less sensitive to trypsinization than BatC12. In contrast to the

observations by Scholtz et al. [18], no differences were detected in the quality of BLV-FLK antigen cultivated
with different animal sera as complement. Since it has been reported that FLK cells are coinfected with
Bovine Diarrhea Virus (BVDV) and Bovine Syncytial Virus (BSV) [1], we tested our virus preparation on
CsCl buoyant density gradients (Figure 2). A major opaque band observed at density of 1.18 g/ml, had the

highest optical density, the highest radioactivity content as estimated by 3H-uridine uptake and gave the
strongest reaction by immunodot analysis with antibody against BLV. A minor band of lower density reacted
in the immunodot test; however, it did not contain significant amounts of 3 H-uridine. Neither of the two
bands reacted with rabbit antisera against BVDV or bovine antisera against BSV (donated by J. Ferrer,
University of Pennsylvania). The augmented optical density, radioactivity and antigenic activity observed on
the top of the CsCl gradient were probably due to disrupted or incomplete viral particles.

BLV-antigens obtained from clarified supernatant by sedimentation at 106,000 x g proved to be
adequate for the serological analysis. The yield of antigen purified by sucrose gradient centrifugation was
considerably reduced and did not present any advantage over the pellets when tested in serological assays.
Some batches of BLV-FLK antigen gave non-specific reactions in ELISA which could not be removed by
further purification procedures: a batch showing non-specific reactions behave very similar before and after
sucrose gradient purification. Therefore, BLV-FLK antigen was used preferentially in ID and WB, while

BLV-BatC12 antigen could be used in all tests. The BLV-antigens used for ID in this and other research
works [8] gave comparable results to those obtained with "Leukassay B". Pellets from supernatants of
non-infected bat lung fibroblast adsorbed to plates did not react above background levels in ELISA.
Figure 3 shows SDS-PAGE and WB analysis of different batches of BLV-BatCL2 antigen obtained
at various times, before and after trypsinization. Similar results were obtained with BLV-FLK antigen (not

shown). In contrast to the SDS-PAGE analysis, the WB allowed a differentiation between BLV proteins and

5O-80KD

-25-40RD

P10-»-

Tag

17 15 13 10 TITT"
*
*

"Tl'15 13 10 8 6 3
*
*

17 15 13 10 8 6 3
*
*

Fig. 3. SDS-PA GE and WB of BLV-antigen produced at different times by BatCl2 cells. Comassie blue stained
SDS-PAGE (A), WB with a BLV-positive serum from lymhosarcomatous bovine (E), and Wb with
serum from a BLV-negative cow (Ç). Time at which cells were trypsinized (±).
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TABLE I. ELISA READINGS OF BLV-POSITIVE AND BLV-NEGATIVE BOVINE SERA AFTER
TREATMENT OF BLV ANTIGEN WITH DIFFERENT CONCENTRATIONS OF TRITON X-100

(% vol/vol)

Positive bovine
sera
(optical density)

Negative bovine
sera
(optical density)

0.0000

0.072

0.143

0.0005

0.117

0.135

0.0025

0.125

0.100

0.0050

0.237

0.061

0.0250

0.316

0.032

0.0500

0.325

0.031

0.1000

0.350

0.031

Triton X-100

contaminants belonging to cells and sera. A direct correlation between the appearance of low molecular

weight BLV proteins (p24, p!5 and p!2) in WB, augmented ELISA values and the time of cultivation was

established. Non-specific reactions by negative sera were detected, showing smears ranging from 25K-40K,
and from 50K-80K (see below).

33.

Serological studies
A positive correlation between treatment of BLV antigen with increasing concentrations of Triton

X-100 and differences in the ELISA values between positive and negative sera was observed (Table I);
concentrations of Triton X-100 above 0.05% gave no better results. Important variations on the adsorption

of the antigen between different brands of plastic plates was obtained with the most suitable being those
from NUNC (Immuno Plate I, II and MicroWell Module F-8).
BLV-antigen plates from Behringwerke EnzygnostR-Rinderleukose ELISA-kit and those from Nunc
coated with BLV-BatC12 antigen (this work), showed different results when tested by the ELISA protocol

described here (Figure 4B).

However, if the protocol and reagents from

Behringwerke

R

Enzygnost -Rinderleukose ELISA-kit were used with both antigen-coated plates, non-significant differences
could be resolved between negative and positive sera at any OD readings (Figure 4A). The ELISA procedure
recommended by the FAO/IAEA led to non-specific reactions and had low sensitivity when the reagents of
this kit were used for BLV diagnosis (Figure 4C). Conjugates from both EnzygnostR-Rinderleukose
ELISA-kit and ELISA-kit from the FAO/IAEA were suitable for ELISA and WB under our experimental
conditions.
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4 Comparison of ELJSA usmg different

BLV antigen plates and protocols from the
Behringwerke "Enzygnost-Rinderleukose".
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ID reaction. In A and B the optical density
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WB analysis with different bovine sera. (A): non-specific reactions of BLV-negative sera from Costa
Rica (lanes 1-7) and from the FRG (lanes 8-15). (B): different type of WB reactions: BLV-negative

reaction (a), positive "type 1" reaction (b), positive "type 2" reaction (c) and positive "type 3" reaction
(d). (C): recognition of BLVproteins by colostral antibodies from calf serum: two months post partum
(lane 1), 6 months post partum (lane 2), 20 months post partum (lane 3) and 32 months post partum
(lane 4). Recognition of BLV proteins at different times by a ID-negative (A) and ID-positive (B) sera
(D):

bleedings at 6/1/86 (lane I), 12/1/86 (lane 2) and 1/3/88 (lane 3); the ELISA reaction of ID-

at bleeding 12/1/86 (lane 2) was negative, whereas the remaining were ELISA positive.

Although non-specific reactions were observed in WB with bovine sera (Figure 5A, B), they were

easily distinguished from BLV-specific bands. Conjugates alone did not show non-specific reactions in WB
at the dilutions used (1/200-1/8000). The reactions presented by BLV-positive sera were classified in three

types (Figure 5B): sera which recognized p24 and reacted weakly or negatively in ID (type 1); sera which
recognized p24 and gp30 and reacted weakly, strongly, or negatively in ID (type 2); and sera which
recognized p24, gp30, gp51, some of which also detected lower molecular weight BLV-proteins (p!5 and
p!2), and reacted weakly or strongly in ID (type 3). Some sera also showed reactions against proteins
ranging from 120K to 90K and a protein of 17K.

The viral proteins recognized by two strong positive bovine sera are presented in Figure 6. Although

the patterns were similar, serum in lane B detected a broader p24 band than serum in lane A. Sera from
tumor-bearing cattle also reacted differently with bands from the p24 region (Figure 7). For instance, sera

in lanes 7A and 7G recognized a sharp band at the bottom of the p24 region. On the other hand, sera in
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Fig. 6. Western blotting patterns of BLVproteins detected with sera from two different tumor bearing cattle.
Immunodetection was performed with peroxidase conjugate.

lanes 7B through 7F, recognized a broad p24 region.

In both cases, the width of the band(s) was

independent of the intensity of the reaction (compare 7A with 7C and 7G). A detailed analysis of the
reactivity of selected sera against the p24 region is shown in Figure 8. Sera in lanes 8A through 8C resolved
three bands (a, b, and c) in the p24 region. In contrast, serum in lane 8D resolved only one band (a) and

serum in lane 8E resolved two bands (a and c).

3.4.

Evaluation of the serological tests
Figure 9 shows a comparison of ELISA, WB and ID using sera from different bovine groups. The

prevalence of BLV-infection in dairy herds (Bos taurus) from the highlands of Costa Rica is in contrast with

the prevalence detected in beef herds (Bos indicus) from the lowlands. Western blot using rabbit anti-bovine
Ig conjugate detected more seropositive animals than ELISA and ID. Similarly, ELISA detected more
seropositives than ID (Figure 9A). The sensitivity and specificity of the different tests with respect to the

WB with anti-Ig conjugate are shown in Figure 9B. The specificity of ELISA and ID was comparable to that
of WB, however, the sensitivity of ELISA was closer to that of the WB and superior to the ID test. Figure
9C shows a comparison between ELISA, WB and ID with sera obtained before and after removal of ID
positive animals over a time interval of 3 years. The results of WB with anti-IgGl conjugate were similar
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Fig. 7. Western blotting patterns of BLV proteins detected with sera from different tumor bearing cattle. Notice
the differential

reactivity against the p24 region. Immunodetection was carry out with radioactive

conjugate.

to those obtained with anti-Ig conjugate. On the other hand, anti-IgG2 conjugate gave lower sensitivity than
anti-Ig or anti-IgGl conjugates.

Anti-IgM or anti-IgA conjugates gave high background levels in the

BLV-ELISA but not in the B. abortus LPS-ELISA. It was not possible to detect anti-BLV IgM antibodies

in WB. Only weak reactions against p24 were seen with some sera when anti-sIgA conjugate was used (not
shown).
In order to determine the period at which anti-BLV colostral antibodies remained in the circulation

of calves, sera from five Holstein calves under two months of age from BLV-positive mothers were tested

by ID, WB and ELISA at various intervals (Figure 5C).

With the exception of one calf which reacted weakly

in ID, positively in ELISA and presented a type 1 reaction in WB, the other four calves showed positive
reactions in all serological tests two months post partum (type 3 in WB).

Six months later animals reacted

negatively in all tests, and remained negative until the last investigation date (32 months post partum). No

major differences in the serological reactions were found when conjugates anti-Ig or anti-IgGl were used.
The recognition of BLV proteins by WB was tested at different times with ID-negative and positive
sera (Figure 5D).

Although there were differences in the intensity of the reaction, all of them were clearly

positive, while the reaction by ELISA of the ID negative, WB positive, WB positive from lane 2 was negative.
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Fig. 8. Detailed analysis of the reactivity of selected sera from BLV-positive bovines against the p24 region.

3.5.

Evaluation of the BLV-cDNA probe

Three different BLV-cDNA subclones of approximately 2000 bp, 1500 bp and 500 bp were
generated. A digoxigenin-labelled cDNA probe using as primer the fragment of 500 bp gave satisfactory
results with DNA isolated from lymphosarcomatous tumors in dot blot analysis, although some background
was observed with heterologous DNA (from Bufojnarinus). The evaluation of different digoxigenin-labelled

cDNA probes with DNA from BLV-infected and non-infected animals is under current investigation.
4.

DISCUSSION
BLV infection is found throughout the country. Dairy cattle (represented mainly by Bos taurus

breeds), distributed mainly in the highlands (85% of the dairy farms), are heavily infected as compared to

beef cattle (most of which are Zebu breeds) located in the lowlands. Due to the rapid increase of dairy
farms in the province of Guanacaste, Puntarenas and Limon (Ministerio de Agricultura, Censo Agropecuario
de 1983, San José, Costa Rica), it might be that the density of BLV infections in these areas will increase

during the next years. BLV isolated in Costa Rica did not differ from the virus obtained from BatCL2 or
FLK cells, originally isolated in the USA [18]. Since a large proportion of dairy breeds imported to Costa
Rica, came from the middle west and northern States of the USA, where the occurrence of BLV infections
is well known [1], it is possible that both isolates represent the same BLV strain. This could be clarified with

the production of monoclonal antibodies against BLV in the near future.
The non-specific reactions observed with some batches of BLV-FLK antigen, could be explained by
contaminating ovine cell components such as histocompatibility antigens [19] which are closely related to the
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bovine antigens. Other non-specific reactions are commonly observed in sera from vaccinated animals with
high immunoglobulin content or could be also due to allogenic and xenogenic cross reactions with traces of
immunoglobulins present in the sera used for cultivation [20].

In agreement with results of Rössler et al. [21], who detected fluctuations in the production of BLV

and reverse transcriptase activity in cultures, we observed differences in the number of BLV proteins
detected in WB during various harvesting periods. The higher positive ELISA-values, in accordance to the
presence of conspicuous bands in the region of p24, p!5 and p!2 in WB suggests that these proteins are
important for the ELISA. This result is also consistent with higher ELISA readings obtained after treatment
with Triton X-100, which releases the internal proteins of the virion, making them accessible to antibodies.

Similar results were obtained by Rössler et al [22] who reported that reverse transcriptase activity was altered
after treating BLV with Triton X-100.

Several authors [23] have reported SDS-PAGE patterns of BLV proteins showing either broad
protein bands or more than one band in the p24 region. An interesting question concerning the homogeneity
of this protein(s) arises from the fact that some sera from BLV infected cows recognized only one or two
out of three bands in the p24 region, and that the intensity of the serological reaction against one of the

bands in the p24 region was not necessarily related with the region of the other bands. The data presented
suggest that differences in the molecular weight had to be associated with slight structural variations of the
polypeptide chain (different epitopes) rather than a difference in glycosilation, since p24 does not contain

sugar. Although other postranslational modifications of p24 have not been reported, they cannot be
excluded. It might be that the molecular heterogeneity observed is a result of tissue culture conditions or
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virus degradation during purification. Enzymatic processing of high molecular weight protein precursors
which could generate p24 size variability has to be considered. However, in order to explain the differential

recognition, we have to assume that processing or degradation would have to occur in vivo as well as in vitro
since sera from naturally infected bovines defined the variability of the p24 region. For reducing the risk
of degradation, the preparations of BLV used were isolated in the presence of the protease inhibitor PMSF
and they were obtained from a single band in sucrose gradients. It is also possible that our FLK cells, as
well as the bovines could have been infected with different strains of BLV or that bands observed in the p24
region are different BLV proteins as described for herpes simplex virus-1 [48]. In addition to the reactions
against gp51, p24, p!5 and p!2, some bovines showing type 3 reactions also recognized gp3O and the low

molecular weight plO. Protein bands above 80K detected by some sera probably represent dimmers, or high
molecular weight precursors [4].
Although, there are several ELISAs reported for the diagnosis of BLV [19, 45, 58], to our

knowledge, improved sensitivity and specificity using WB as a confirmatory assay, has not been described.
The clearly distinguishable positive reactions in WB, supports the use of this assay as a reference test for
ELISA in diagnosis of BLV infections. Similar conclusions with other retroviral systems have been reached

[19].
In our hands, the buffer systems and protocols of the commercial kit for the diagnosis of BLV
infection from Behringwerke and the ELISA-kit from FAO/IAEA did not give satisfactory results. However,
the antigen plates and the conjugates from both, were adequate in our ELISA system. The use of relatively
high concentrations of Nad (1 M) and Tween-20 (0.1%) in combination with casein hydrolysate, probably
diminished the non-specific attachment of bovine serum proteins to the antigen wells. Moreover, the

presence of FBS in the buffer system used for the dilution of the test bovine sera, might contribute to
neutralize the non-specific allogenic reactions commonly detected in cows.
It was observed that sera which recognized gp30 and gp51 in WB (some type 2 and most type 3

reactions), also precipitated in ID. There are cases such as those presented in Figure 5D, where animals
became ELISA negative (although they were positive in previous and subsequent bleeding times) and the
reaction in WB against p24 was weak, but still detectable. This observation is relevant in the light of the
results obtained with type 2 reactions, stressing the importance of repeatedly testing and studying the

dynamics of the humoral response in BLV-infected herds. Our observations are in agreement with WB
results obtained by Heeney et al [24] who found that sera from BLV-infected cattle always reacted against
p24, although those with lymphosarcoma detected a greater number of BLV proteins than did sera from
clinically normal bovines. Ristau et al [25], also demonstrated that BLV-experimentally infected calves
preferentially developed antibodies against p24. In this respect we do not completely agree with Walker _et
_al [26], who claimed that the absence of reactivity of bovine sera from BLV-infected animals against the

major BLV glycoprotein was due to lost of reactive epitopes in WB. It could be that reduced titers, or lower
affinity of antibodies against different viral determinants are more relevant than the loss of antigenic
domains.
The results indicate that bovine IgGl comprises most of the anti-BLV bovine immunoglobulins

relevant for the ELISA and WB reactions. Interestingly, ELISA values obtained with anti-IgG2 conjugate
correlates very well with ID tests, although this could be explained by the lower titers of high affinity IgGl
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(precipitating preferentially in the presence of high salt concentration) which at the same time might
correlates with lower quantities of serum IgG2 [14]. However, detailed analysis are necessary to establish
a clear relationship between different serological tests and the relevant immunoglobulin isotype.

In countries of high prevalence of BLV infection such as Costa Rica, where the management of
dairy herds favors the spread of the virus [1], tests with relatively low sensitivity are not adequate for control
and eradication programs, since they may favor the maintenance and shedding of BLV in clinically normal

cattle. Furthermore, our results with the group II animals strongly suggest that control based solely on the
low sensitivity precipitation test, might further complicate the epidemiology by selecting animals which are
infected but do not produce antibodies detectable in ID. Although we have established that the specificity
and sensitivity of the WB and ELISA described here are fairly good for diagnostic purposes, the final
confirmation must come from a large serological survey where the status of BLV infection is known using

an independent non-serological assay, e.g. dot blot with specific cDNA probes or polymerase chain reaction
assays.
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Abstract
PREVALENCE OF Chlamydia psittaci INFECTIONS IN DOMESTIC RUMINANTS IN MEXICO, DETERMINED BY AN

INDIRECT ELISA AND ISOLATION OF CHLAMYDIAE.

An indirect ELISA was developed and standardized for detection of anti-Chlamydia-psittaci
antibodies in domestic ruminants in Mexico.

Two chlamydial antigens (Ags) were evaluated. The

particulated Ag consisted of partially-purified infectious chamydial elementary bodies. The soluble Ag was
a heat-treated deoxicholate extract from L-cells infected with Chlamvdia. The test standardization included

the comparison of different substrates (OPD vs ABTS) and different washing solutions (IM NaCl vs PBS),
the OPD and the PBS giving higher specific absorbance (A) values. 395 sera from apparently healthy cows
and 84 sera from cows that aborted were assayed with a HRP-antibovine IgG conjugate. 529 sera from
apparently healthy sheep, 444 from apparently healthy goats, and 65 sera from goats experiencing an

outbreak of abortions were tested with a HRP-antisheep IgG conjugate. All sera were screened with the

particulated Ag, but only the sera from animals with a history of abortion and 245 sera from sheep were
screened with the soluble Ag. No evidence was found to incriminate Chlamydia as a cause of abortion in the
population studied, but a high prevalence of seropositive animals was found. The serological studies

suggested a wide exposure of the populations assayed to Chlamydia psittaci perhaps due to the presence of
animals bearing subclinical intestinal infections and shedding the organism in the feces. This hypothesis was
confirmed by isolating chlamydiae in cell cultures and mice. Four (13.3%) out of 30 sheep were found

infected by either procedure, 2 of them being also positive by ELISA.

1.

INTRODUCTION

Chlamvdia fC.) psittaci is a widely distributed intracellular pathogen which often causes
clinically-inapparent persistent intestinal infections and occasionally reproductive failure (abortion or
infertility) in cattle, sheep and goats [1]. These infections have been reported in most major livestock
producing countries throughout the world, but no attempts had been made in Mexico to determine their

existence.
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The goal of our investigations was to assess whether or not the infection is present in Mexico and

whether or not it has a significant economic impact in the farm animal industry. The specific objectives

were: (a) to establish an indirect ELISA for detection of anti-chlamydial antibodies; (b) to conduct a
sérologie survey in cattle, sheep and goats from both infertility- and abortion-free farms, as well as from
farms with a high prevalence of these two conditions; (c) to determine whether or not a positive correlation
exists between seropositive reactors and the presence of infertility or abortion; (d) to validate the ELISA with

the aid of Chlamydia isolation attempts using cell culture or mice; and (e) to establish the indirect ELISA
as a routine diagnostic test for chlamydial infections of ruminants.

2.

MATERIALS AND METHODS

2.1.

Serological studies

2.1.1.

Serum samples
Around 480 bovine serum samples collected at one of the major dairy farm complexes of the Valley

of Mexico ("Cuenca Léchera de Tizayuca, Estado de Hidalgo, Mexico") were tested. Eighty four (17.5%) of
these were from animals which had experienced a recent episode of abortion. 529 ovine sera, collected at

the University's experimental sheep farm were also tested. This farm has essentially an abortion-free status,
with an annual abortion rate below 2%. Finally, a total of 509 goat sera were assayed. These included 444
from apparently healthy goats from different states of the country, and sera from a herd of 65 goats from
one of the University's experimental farms in which an outbreak of abortions and premature deliveries

occurred affecting 34 (52%) of the animals. The animals from this herd were bled and tested during the
outbreak and again 30 days later. All other sera (cattle, sheep and goat) were collected and tested at a single

sampling time. All sera were stored at -20°C until they were assayed.

2.1.2.

Conjugates
Screening of sheep and goat sera was done using a commercial horse radish peroxidase-rabbit

antisheep IgG (H + L) (Dakko Laboratories) kindly provided by Dr. M. Dawson of the Virology Department

of the Central Veterinary Laboratory, New Haw, Weybridge, Surrey, U.K. Screening of bovine sera was
accomplished with the use of the FAO/IAEA conjugate provided with the FAO/IAEA antibovine ELISA
kit (horse radish peroxidase-rabbit antibovine IgG). Optimal conjugate dilutions were determined by chequer
board titrations using a quality control test serum rich in IgG (provided in the FAO/IAEA ELISA kit) at

dilutions 1:100 to 1:102400 and the conjugates at dilutions 1:400 to 1:51200. The conjugates were stored at
1:2 dilution in glycerol at -20°C.

2.1.3.

Antigens
Two different antigens (Ags) were used: a particulated and a soluble one. The particulated Ag

consisted of partially-purified elementary body suspensions obtained by differential centrifugation of cell
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lysates from L-cells persistently infected with an abortion strain of C. psittaci (strain B577) [7]. A negative
control Ag was obtained by treating non-infected L-cell monolayers in a similar way.
The soluble Ag was kindly supplied by Dr. M. Dawson. It was obtained from L-cell cultures
infected with a strain of C. psittaci (strain 1074) isolated from a field case of enzootic abortion of ewes
(EAE). It consisted of a heat-inactivated (45°C-4 hours) sodium deoxicholate extract, clarified by
centrifugation (24 000 g for 30 min) and dialysed 3 times against PBS. A similarly prepared Ag obtained
from non-infected L-cells was used as a negative control Ag.

All sera were tested with the particulated Ag. But only the 84 bovine sera from the cows that had
experienced an abortion, the 65 goats sera from the herd which experienced an outbreak of abortions and

premature deliveries, and 245 randomly selected ovine sera were tested with the soluble Ag.
Optimal Ag and sera dilutions were determined by chequer board titrations using a range of Ag
dilutions (1:100 to 1:400 for the particulated Ag and 1:20 to 1:640 for the soluble one), four dilutions (1:50
to 1:400) of known positive reference sera, and a constant conjugate dilution (previously titrated). The
reference sera consisted of a serum sample obtained from a calf experimentally inoculated with a virulent
strain of C. psittaci (strain LW613) (kindly provided by Dr. N. Schmeer, Institute for Hygiene and Infectious

Diseases of Animals, Giessen, Germany), and a pool of sera ("RVC pool") from ewes which had experienced
EAE (provided by Dr. M. Dawson).
2.1.4.

Substrates
Two different substrates for horse radish peroxidase (HRP) were evaluated: orthophenylene diamine

(OPD) in phosphate citrate buffer (supplied with the FAO/IAEA ELISA kit) and 2,2'-azinodi-3-ethylbenzthiazoline sulfonic acid (ABTS) (Sigma) in the same buffer. When OPD was used, the reaction
was stopped with an 8.4% v/v solution of concentrated hydrochloric acid (HC1). When ABTS was used, the
reaction was stopped with a 0.34% (0.1 M) solution of 48% hydrofluoric acid (HF).

2.7.5.

Test conditions
The tests were done in 96-well flat bottomed microtiter plates (Immulon I, Dynatech) in volumes

of 50 jtil. The plates were coated with Ag diluted in coating buffer of pH 9.6 (FAO/IAEA ELISA kit) for
a period of 2 hrs at 37°C. The sera and the conjugate were diluted in a phosphate buffered saline (NaCl 8g,
KC10.2g, Na2HPO2 1.358g, KH2PO4 0.2g, distilled H2O 1 It) of pH 7 with 0.05% Tween 20 ("ELISA buffer")
(2) and allowed to react for 1 hr at 37°C. The washing between steps was done by emptying the plates and
filling all the wells with a washing solution contained in a 250 ml squirt bottle, and allowing the plate to soak

for 3 consecutive 5 minutes intervals. Two different washing solutions were evaluated: a) a 1 M sodium

chloride solution containing 0.05% Tween 20; and b) a phosphate buffered saline (NaCl 8.5 g, Na2HPO41.1g,
NaH2PO4 0.32 g, distilled H2O 1 It) of pH 7 with 0.5% Tween 20.
Each serum was tested at a single dilution in duplicate against both the chlamydial and the negative
control Ags.

Each microtiter plate included the following controls: Row 1: wells A and B contained

Chlamydial Ag plus conjugate and substrate; wells C and D contained negative control Ag plus conjugate

and substrate; wells E and F contained positive quality control serum (no IgG), diluted 1:1000 in coating
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buffer, plus conjugate and substrate. Row 2: wells A through D contained the Chlamvdia-positive reference

sera (either bovine or ovine) tested in duplicate against the Chlamydial and the control Ags. In addition,
the first plate of each day contained one of five Chlamydia-negative reference ovine sera (Nos 383 through
387) (provided by Dr. M. Dawson), in row 2, wells E through H.

The reaction was stopped after 5 minutes when OPD was used and after 30 minutes when ABTS
was used. Each plate was individually blanked with a wavelength filter of 490 nm for OPD and 410 nm for
ABTS. The net absorbance of each serum was obtained by substracting the average optical density (OD)

obtained with the negative control Ag from the average OD obtained with the chlamydial Ag. The results
were expressed as a percentage of the positive reference serum reaction.
Since the sensitivity and the specificity of the ELISA were not determined at this point, the cut-off

values for considering a reaction as significant ("positive") or not-significant ("negative") had to be determined
in various somewhat arbitrary ways. For sheep, the-cut off for both the particulated and the soluble Ags was

determined as the average reaction observed for a representative number of test sera with the negative
control Ag, plus 2 standard errors of the mean.

2.1.6. Seroconversion in mice
Each 1/100 dilution of feces of sheep was inoculated into three 4-week old Balb-C mice. Each

mouse recieved 0.5 ml of inoculum intraperitoneally. 10 mice were inoculated with a suspension of
Chlamydial elementary bodies (strain B577) propagated in the yolk sac of embryonated eggs, and used as
positive controls. An additional 10 mice were left as uninoculated negative controls.
After fourteen days, the mice were re-inoculated and a week later sacrificed and bled in order to

obtain their serum to be tested by ELISA for the presence on antichlamydial antibodies.

2.7.7. ELISA test

The indirect ELISA test was performed in Nunc Immunoplat Max. Sorp ELISA plates, as described
previously, using the particulated Chlamydial Ag, the mice sera in a single 1/50 dilution, horse radish
peroxidase anti gamma mouse-globulin conjugate (1/2500 dilution) and OPD as the substrate for the
enzymatic reaction. The plates were read with a Titertek Multiskan II reader with a 492 nm filter. The

controls for the test included a pool of negative mice sera, a pool of positive mice sera, and ascitic fluid
(1/1000 dilution) from mice induced by the inoculation of a Balb-C cell hybridoma which produced a
monoclonal antibody specific for Chlamvdia psittaci serotype l (donated by Ken Schnorr, Dept. Microbiol.,

Louisiana State University, USA).
The test was set up in such a way that the positive control sera and the ascitic fluid gave similar

absorbance values. The results from the sera obtained from the mice inoculated with the field samples were
expressed as a percentage of the positive reference values. Arbitrarily, a cut-off value of 25% was chosen
in order to interpret the results as positive or negative.
In addition, serum collected from each of the sheep from which feces was obtained, was assayed by
ELISA in order to try to establish a correlation between the serological results and the isolation results from
both the cell culture and the mouse inoculation systems.
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22.

Isolation of Chlamydia sp. from fèces

2.2.1.

Processing of the fecal samples
Fecal samples were obtained directly from the rectum of thirty randomly selected sheep from the

University's experimental sheep farm: 15 from adult, healthy ewes, and 15 from healthy lambs a few months
old in age.
The feces were individually ground in cold sterile Bovarnik's buffer [1] supplemented with 2% fetal
bovine serum (FBS) and 100 /^g/ml of streptomycin, to give a 10% suspension [5]. The suspensions were
clarified by centrifugation at 3000 g for 60 minutes at 4°C. One ml of the supernatant was then mixed with

9 ml of buffer to give the final 1/100 dilution of the feces which was used within 18 hrs to inoculate the cell
cultures or the mice.

2.2.2.

Inoculation of cell cultures
Mouse fibroblasts (line L-929) were seeded to light confluency in polyestyrene 96-well cell culture

plates with flat bottoms, 24 hrs prior to the inoculation. They were grown in medium 199 supplemented with
7.5%

FBS and 100 Mg/ml of Streptomycin. Some plates had coverslips in the bottom of each well.
For each fecal sample, 5 wells were inoculated with 200 /ig/well: 3 wells without coverslip and 2
wells with coverslip. The plates were centrifuged at 2500 g for 45 minutes at room temperature to enhance

the uptake of the Chlamydial elementary bodies by the cultured L-cells. The inoculum was then replaced
by growth medium containing 50 ng/m\

of gentamycin and 2 /Jg/ml of cycloheximide and the plates were

incubated in 5% CO2 at 37°C for 72 hrs.

Seventy two hours post-inoculation the coverslips with the inoculated cell monolayers were removed
from the plate, stained with Giemsa and observed for the presence of characteristic basophilic cytoplasmic
inclusions.

The L-cells grown on plates without coverslips were used to make a second passage. The cells were
ruptured by repeated cycles of freezing and thawing, and the cell lysate of the 3 wells of each sample were
pooled and mixed with 0.6 ml of Bovarnik's buffer before they were used to inoculate a new set of 24 hrs
old L-929 cell monolayers as described above.

A third passage was made before a given fecal sample was considered negative to the isolation of
Chlamvdia in cell cultures, while the presence of Chlamydial inclusions in the Giemsa-stained cells from the

coverslips of any the 3 passages was taken as a positive isolation result.

3.

RESULTS

3.1.

Serological studies

3,1.1.

Conjugate titrations

The antisheep IgG conjugate showed an optimal working dilution (absorbance (A) = 1.2) of
approximately 1:2400 against a dilution of positive quality serum (PQS)
substrate was OPD,

and a working dilution of 1:400

of approximately 1:1,200 when the

(A=0.9) when the substrate was ABTS.
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The antibovine IgG conjugate showed a working dilution (A=1.2) of 1:9600 when OPD was the
substrate, and a working dilution (A=0.9) of 1:2400 against the PQS dilution of 1:1,200 for ABTS.
Based on these results, OPD was chosen as the substrate to be used for the screening of all the
serum samples tested. After testing a few sera, the working dilutions of the conjugates were adjusted to
1:3500 and 1:7500 for the antisheep and the antibovine IgG conjugates, respectively.
3.1.2.

Antigen titrations and determination of working single serum dilutions for ELISA
The particulated Ag showed good absorbance values (A=0.85 for ABTS and 1.2 for OPD) at a

dilution of 1:200 against a positive reference serum (either bovine or ovine) dilution of 1:200. Under these
conditions, the value of a negative reference ovine serum was close to "background" levels.
The soluble Ag showed an optimal working dilution (A=0.95 for OPD) of 1:50 for a 1:200 dilution
of the reference positive ovine serum pool.
3.1.3.

Effect of different washing solutions
PBS gave higher specific readings than 1M NaCl for the 2 serum dilutions tested (1:200 and 1:400).

For this reason, PBS was selected as the routine washing solution for assaying the field serum samples.

3.1.4.

Bovine sera
The cut-off value for significance in the indirect ELISAs with the bovine serum was 25% and 41%

of the positive reference reaction for the particulated and the soluble Ags, respectively. Using these criteria,
68.7% seropositive reactors were found in the apparently healthy animals, and 54.8% in the group which had
experienced an abortion, when using the particulated Ag (Figs. 1 and 2). The absorbance values ranged from
a minimum value of 0% to a maximum value of 111.4% of the positive reference reaction.
In contrast, the soluble Ag gave a 25% of seropositivity, with a range of values of 0% to 104.5% of
the positive reference reaction, in the group of animals with history of abortion (Fig. 3).

3.1.5.

Sheep sera
The cut-off value for significance with the ovine sera was 25% for the particulated Ag and 0% for

the soluble one. Accordingly, 40.6% and 49.4% of seropositivity were determined with each Ag. The range
of values was from 0% to 83% and from 0% to 92.4% respectively (Figs. 4 and 5).
3.1.6.

Goat sera

The cut-off value for the goat sera was 20% of the positive reference reaction for both Ags. In the
apparently healthy population, 49% of animals were positive reactors, with a range of values from 0% to
118.2% (Fig. 6).
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Fig. L Sera from cattle without any history of abortion with antibodies against the paniculate Ag. of C. psittaci
using ELISA.
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Fig. 2. Sera from cattle with a history of abortion against the particular antigen of C. spittaci using ELISA.

121

"cut-off" point 4195

No. of sera
% of sera positive 24
of sera negative 75

30

10

40

50

60

70

100

90

80

110

% reaction against a positive reference sera

Fig. 3. Sera from cattle with a history of abortion, with antibodies against the soluble Ag. of C. psittaci using
ELISA.
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Fig. 4. Sera from sheep without any history of abortion with antibodies against the particulate Ag. of C. spittaci
using ELISA.
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Fig. 5. Sera from sheep without any history of abortion, with antibodies against the soluble Ag. of C. psittaci
using ELISA.
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Fig. 6. Sera from goats without history of abortion, with antibodies against the soluble Ag. of C. psittaci using
ELISA.
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In contrast, in the group of goats that experienced the outbreak of abortions and premature
deliveries, the percentage of positive reactors were as follows: 75% and 71% for the acute and

convalescence-phase sera respectively, with the particulated Ag and 47% and 62% for the same samples
tested with the soluble Ag.

The increase in the percentage of positive reactors observed in the

convalescence-phase sera when assayed with the soluble Ag was due to seroconversion of animals which did
not experience abortion or a premature delivery.
32.

Isolation from feces

3.2.1.

Seroconversion in mice
Two (7.4%) of the 27 fecal samples induced seroconversion in inoculated mice, both sera giving

absorbance values above 25% of the reaction obtained with the positive reference serum and ascitic fluid.
The positive feces corresponded to two adult ewes.
The individual absorbance values obtained with each set of inoculated mice is given in Table I.
3.2.2.

ELISA Values for the Sera of the Sheep from which Feces were Collected
Seven (23.3%) of the 30 sheep tested were considered ELISA-positive in the indirect assay, using

the same interpretation criteria described for the above mentioned serological survey (i.e. with a cut-off value
of 25% of the positive reference reaction). Two of the positive animals were young lambs and the remaining

5 were adult ewes.
The relationship between positive results in the ELISA with sheep sera, the isolation in cell cultures

and seroconversion in mice is presented in Table II. No sheep found negative in the ELISA gave positive

isolation results; one animal was positive to all three tests, two animals were positive only by isolation in cell
cultures, and one animal was positive by ELISA and seroconversion in mice.

4.

DISCUSSION
The indirect ELISAs that were standardised proved to be useful in determining the presence of

antibodies against C. psittaci. The precise specificity and sensitivity were not established. However, attempts
were made with cell culture and mice inoculation techniques to culture Chlamydia from feces of apparently
healthy sheep and determine the infected or non-infected status of a small number of animals.
Without a precise knowledge of the specificity and sensitivity of the ELISA tests, interpretation of
the data given for the prevalence of Abs against Chlamydia in the sera that were evaluated has to be done
with caution. The results are more meaningful when compared as a relative number of positives in the
apparently healthy and the abortion/premature delivery groups of the same animal species.
In the bovine sera, a higher rate of positive reactors was found in the apparently healthy group than
in the group with a history of abortion (68.7% vs 54.8%). Since all these animals belong to the same dairy
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TABLE I. ELISA RESULTS IN MICE INOCULATED WITH FECES
Sample

Absorbance

Interpretation

(% of positive reaction)

1
2

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

positive
negative
positive
negative

23.23
19.10
29.23
16.02
19.62
13.20
13.16
16.012
15.05
10.81
17.47
36.70
13.88
8.89
5.78
10.57
7.98
12.37
11.32
1.99
0.0
5.33
4.89
3.49
4.09
11.92
6.43

"
n
11

"
«
"
positive
"
"
"
11

"
"
»
"
"
"
"
"
"

TABLE II. CORRELATION OF ELISA RESULTS IN SHEEP AND ISOLATION OF CHLAMYDIAE
FROM FECES

Sample

Sera Elisa

Feces
In mice

Chlamydial inclusions in L cells

1
2

3*
4
5*
6
7
8
9
*: lambs.

Note: the remaining 21 samples were negative by all three tests.
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complex, the results indicate that there is a lack of correlation between the presence of abortions and a
positive result in the ELISA using the particulated Ag. The ELISA test with the soluble Ag was applied only
to animals with history of abortion and, although the cut-off values for both ELISAs were determined
somewhat arbitrarily and were not the same (25% vs 41% of the positive reference reaction), this test
detected a smaller number of positive animals (16% vs 54.8%). Such results are to be expected since the
soluble Ag does not contain the full range of Ags that may be present in an infectious Chlamydial elementary
body [4]. It contains only those Ags which are solubilized by the sodium deoxicholate and which are

relatively heat-resistant (possibly the LPS of the Chlamydial outer membrane). On the other hand, the
participate Ag consisted of antigenically intact infectious elementary bodies.
The sheep sera were collected from apparently healthy animals only, half of which (46%) were
tested with both Ags. The particulated Ag gave a prevalence of antibody positive animals of 40.6%, and the
soluble Ag gave a somewhat higher figure of 49.4%. However, the extent of the positive reactions was higher
with the particulated Ag, the cut-off values being 0% and 20% respectively. In this regard, recent reports
[5] suggest that a strong antibody response to the Chlamydial LPS is present only in those animals which
have recently experienced an acute Chlamydial infection with overt clinical signs. Since the sheep included
in this study did not have abortion problems, it is tempting to speculate that most - if not all - of the positive
reactions detected were a consequence of an antigenic stimulus given by persistent clinically inapparent
intestinal infections which might conceivably give higher reactions with the particulated Ag than with the

soluble one.
In goats, and in contrast to what we found in cattle, a higher prevalence of antibody-positive animals
was found in the aborting group than in the apparently healthy one (75% vs 49%). But the aborting animals
represented an entirely different population than the apparently healthy group. In spite of this difference,
the availability of paired samples from the group of goats that experienced the outbreak of abortions and
premature deliveries made it possible to discard C. psittaci as the etiologic agent of the outbreak, because
the rate of positive reactors was essentially the same for both bleeding times (75% vs 71%). The soluble
Ag detected a lower prevalence of animals with significant levels of Abs in the same group of animals, but

in this instance, there was an increase in the number of positives in the second bleeding (from 47% to 62%).
Again, the fact that the few animals which seroconverted and were responsible for this increase were animals
which neither aborted, nor had premature deliveries, ruled out C. psittaci as the cause of the outbreak. The
reason for the increased prevalence is not clear. We do not know to what extent this was due to inter-assay

variability of the test. For the particulated Ag such variation was found to be 25% or less, but we did not
determine the inter-assay variation for the soluble antigen.
In spite of the subjectivity inherent in the methods used to determine the different cut-off values
and the fact that no evidence was found that could link a possible Chlamydial infection to the presence of

abortions or premature deliveries, it is evident that there is a high prevalence of animals with antibodies
capable of reacting with the Chlamydial Ags used in this study. This suggests the widespread presence in
Mexico of clinically inapparent chlamydial infections, commonly reported to occur in ruminants in many
different countries [1].

In the second part of this study an attempt was made to correlate the serology with two different
isolation procedures. Although the results obtained do not permit sound conclusions in regard to the
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predictive value of ELISA test results, proof was obtained that the infectious agent was present in a

subclinical intestinal infection in the animal population studied, as had been anticipated.
It is discouraging to see that not all 4 sheep found to be shedding Chlamydia in the feces gave
positive ELISA results.

The cell culture technique appeared to be more sensitive than the mouse inoculation test for
isolating Chlamydia (3 and 2 isolations, respectively). However, considering the fact that Chlamydia is a

fastidious organism which is difficult to propagate in vitro, and that the animals may shed the organism

intermittently in low numbers in the feces, a negative isolation result does not definitively rule out the

presence of an infection.
The significance of these preliminary results may be better understood when the ELISA tests
reported here are compared with Chlamydial isolation attempts and an Ag detection competitive type ELISA.
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Abstract
COMPARISON OF FIVE SEROLOGICAL TESTS TO DETECT Brucella abortus ANTIBODIES AND A REPORT ON

PREVALENCE OF THE DISEASE IN LIVESTOCK IN THE STATE OF YUCATAN, MEXICO.

One hundred and seventy five sera samples from cattle were tested for reactions to 5 serological
tests for Brucella antibodies. The tests used were Rose Bengal (RBT), 2-mercaptoethanol (2MB), rivanol

(R), ELISA and complement fixation (CFT). The last of these was used as a standard against which the
others were compared. Overall sensitivity and specificity for the 4 other tests by comparison were as follows.

RBT,

100%

and 38%; 2ME,

90 & 99%; R, 86% & 100%,

ELISA 97% & 99%.

These figures varied within

sub-groups of vaccinated and non-vaccinated animals. The ELISA test was able to differentiate vaccination
and non-vaccination titres. Use of the RBT as a screening test followed by either CFT or ELISA for

confirmation would yield the most reliable results. 2323 samples from cattle on 66 farms were tested with
RBT as a screening test and 2ME for confirmation. 2.5% were positive for Brucella antigens. 1583 samples
from pigs on 61 farms were tested by the same procedure and none was found to be positive for Brucella
antibodies.

1.

INTRODUCTION

In Latin America, Argentina, Mexico and Peru are the three countries in which most cases of

brucellosis are reported. In Latin America as a whole, losses due to brucellosis are thought to amount to
US$ 600 million annually [1].

In Mexico, the estimate of annual losses was US$ 133 million in 1979 [2]. An

important aspect of brucellosis is its strong zoonotic potential. In 1983,
brucellosis in humans and 4155

in 1987

Mexico reported 4300 cases of

[3]. The disease is considered endemic throughout Mexico and an

official control programme exists covering the whole nation. Included in this are quarantine of imports,
movement controls, voluntary testing and vaccination [3].
In 1970,

the prevalence of bovine brucellosis was calculated to be 14% in Mexico. After a national

vaccination campaign using S19 vaccine, the prevalence in 1982 had decreased to 2% in beef cattle and 4%
in dairy cattle. This stayed stable up to 1984

[2]. In 1978,

6% of 2310

samples taken from cattle in the state

of Yucatan were found to be serologically positive, using a card test and slow and rapid agglutination tests
[4].
1984,

In 1982 the seroprevalence of antibodies to Brucella spp. in pigs was reported to be 2.6%
3.6%

and in

[2].
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The FMVZ immunology laboratory has used the Rose Bengal Test (RBT) as a screening test for

Brucella antibodies with all positives then checked using the 2-Mercaptoethanol test (2ME) for confirmation.
Due to the carcinogenic activity of mercaptoethanol, it was decided to evaluate the Rivanol test (R). An
ELISA (E) kit for Brucella antibody detection was also available for assessment in conditions in which

vaccination of animals was common. The complement fixation test (CFT) was used as a standard against

which the other four tests were compared.
Whilst bacteriological isolation is the only certain way to define an infected bovine, it has several

drawbacks. Firstly, to isolate B. abortus from carriers, the tissue of choice is the supramammary and iliac
lymph nodes and therefore this can only be performed post-mortem. Also, it is possible that the bacterium

will not be isolated from infected animals, which would lead to false positive serological reactors. Another
problem in an area such as ours, where vaccination with the S-19 strain is common, is that the Brucella

isolated must be typed to ensure that it is not the vaccine strain. Correlations between infected and

serologically positive animals have previously been published [5, 6]. Both of these studies found that the
CFT was the best serological test for identifying infected animals. CFT is also known to differentiate
between the titres of infected and vaccinated animals [7].

In the last 2 years, 2323 bovine samples have been submitted for Brucella serology; these were tested

with the RBT and 2MB test as mentioned above. The same has occurred for pigs, and these results are also
reported here.

2.

MATERIALS AND METHODS

For the comparison of the serological tests, 175 samples were selected from our serum bank so as
to give good coverage of both positive and negative animals with our previous testing protocol within three

groups of animals, i.e. those known to be non-vaccinated; vaccinated animals; and those for whom no certain
vaccination history could be obtained. Within each sub-group, selection was random. The samples submitted

for routine testing were at the request of the owner and came from all parts of the state of Yucatan.
For RBT the method used was as described by Alton et al [8] and Morgan et al [7]. The antigen

was supplied by the Central Veterinary Laboratory (CVL), Weybridge. For 2ME, the technique was as

described by Morilla & Batista [9] and Morgan et al [7]. The antigen was supplied by Pronabive, Mexico.
Serum dilutions used were 1:25, 1:50, 1:100 and 1:200. For the Rivanol test, the method used was as

described by Morilla & Bautista [9]. The antigen was supplied by Pronabive, Mexico, and was specific for
this test. The same dilutions were used as for the 2ME test. The ELISA test kit was supplied by the CVL,
Weybridge. It contained all the necessary reagents. The antigen was an LPS extract of B. abortus. The

chromogen was ABTS. The optical density (OD) of each well was measured using a Dynatech Minireader
II (Manual) (Dynatech Corp). A single serum dilution of 1:200 was used. The CFT was the microtitre

method as used at the CVL, Weybridge, except that problems were encountered when samples were first
screened at 1:2 and rejected if negative at this titre due to strong prozone effects. Samples were therefore
run at doubling dilutions to their end point and the concentration of i.u. of antibody derived from standard

tables. The positive and negative controls and antigen were supplied by CVL, Weybridge.
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TABLE I. LEVELS FOR POSITIVE INTERPRETATION OF TESTS

Vaccinated

Not Vaccinated

Unknown

RBT

Reaction

Reaction

Reaction

2-ME

1:200

1:100

1:100

Rivanol

1:200

1:100

1:100

ELISA OD*

30%

20%

20%

CFT

50 i.u.

50 i.u.

20 i.u.

This is expressed as a percentage of the optical density (OD) of the positive control

for each plate.

TABLE II. SENSITIVITY AND SPECIFICITY OF RBT TEST COMPARED WITH
CFT (n=167)
CFT+

Non-vaccinated RBT+ 15

Unknown

Overall

Sens (%)

Spec (%)

7

100

83

100

13

100

100

100

38

0

34

RBT+ 3

63

RBT-

9

RBT-

Vaccinated

CFT-

0

RBT+ 35

1

RBT-

0

0

RBT + 53
RBT-

0

71
43

The basis of interpretation for each test is shown in Table I. For the RBT, 2ME and R tests, this

is as given in the papers which describe the techniques. For the CFT, the levels used were taken from a table
supplied by the Centre for Tropical Veterinary Medicine, Edinburgh. The derivation of the OD regarded

as positive for the ELISA test is described in the results section.

3.

RESULTS

Tables II-V show the results for the RBT, 2MB, Rivanol and ELISA tests compared to those for
the CFT in vaccinated, non-vaccinated, unknown vaccine status cattle and overall. Sensitivity and specificity
compared to the CFT are also shown, with results in brackets where low numbers lead us to place little
confidence in the results.
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TABLE III. SENSITIVITY AND SPECIFICITY OF 2MB TEST COMPARED WITH
CFT (n = 172)

CFT +

Non- vaccinated 2ME+ 12
2MB-

Vaccinated
Unknown

Overall

3

CFT-

Sens (%)

Spec (%)

0

80

100

67

97

98

100

90

99

36

2ME+ 1

2

2MB-

72

2

2ME+ 42

0

2MB-

3

1

2ME+ 55

1

2MB-

111

6

TABLE IV. SENSITIVITY AND SPECIFICITY OF RIVANOL TEST COMPARED
WITH CFT (n= 175)

CFT+

CFT-

Sens (%)

Spec (%)

12

0

86

100

R-

2

41

R+

2

0

67

100

R-

1

72

R+

37

0

88

100

R-

5

3

R+

51

0

86

100

R-

8

116

Non- vaccinated R +
Vaccinated
Unknown

Overall

TABLE V. SENSITIVITY AND SPECIFICITY OF ELISA TEST COMPARED

WITH CFT (n= 172)
CFT+

CFT-

Sens (%)

Spec (%)

13

0

93

100

E-

l

41

E+

2

1

100

99

E-

0

72

E+

41

0

98

100

E-

l

1

E+

56

1

97

99

E-

2

113

Non-vaccinated E+
Vaccinated
Unknown
Overall
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160-1
150
140 r (s) = 0.82
130 p < 0.001
n = 172
120
110
100

a

90

n

D

80
70

60
50
40
30
20
10

D

n c 103

a

a
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7

8
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9

1 0

Log (e) CFT l.u.

Fig. l Log (e) of CFT i.u. versus % of ELISA positive control OD

Fig. l shows a comparison of the log (e) of CFT i.u. levels and the ELISA OD for each sample.

There is a strong correlation between the two tests (r = 0.93) which is highly significant (p < 0.001, n =

172). The OD at which a sample was regarded as serologically positive for the ELISA test was derived so
as to produce the best agreement with the interpretation of the CFT (see Table I). The level suggested by
the manufacturers was 10% of the OD of the positive control well. In our conditions, this was found to
produce a few false positives in comparison to the CFT in non-vaccinated animals, and many in vaccinated
animals. We determined that a level of 20% of the positive control well in vaccinated animals and those of

unknown vaccine history and 30% in vaccinated animal produced optimum agreement with the CFT.

If a

level of 10% of the positive control was used, whilst sensitivity remained the same, specificity fell to 70%,
mainly due to changes in interpretation of samples from vaccinated animals, but also due to changes in those
from non-vaccinated animals. Increasing the positive level lead to a fall in sensitivity. We attempted to

define the positive level in terms of the mean negative OD plus 3 standard deviations, but as the data are
not normally distributed, could not do this.

In 2323 bovine samples submitted to the laboratory from 66 herds for routing Brucella serology, 355
(15.3%) were positive to RBT, and of these, 57 (16.1%) were positive to 2ME, giving an overall serological
reactor rate of 2.5% with 2MB.
Of the 1583 porcine samples submitted from 61 herds, 31 (2.0%) were positive with the RBT but
of these, none were positive when subsequently tested with the 2ME test.

4.

DISCUSSION

From Table II it can be seen that RBT is a good screening test in that it has an overall sensitivity
of 100%. Whilst its specificity is low, particularly in vaccinated animals, it will not reject any samples which
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the CFT would indicate are serologically positive. This agrees with previous findings [7]. 2ME and Rivanol

have been proposed as tests which differentiate between vaccination and non-vaccination titres [7,10]. Whilst
this does seem to be the case from our results, a worrying problem was that for both tests, the overall
sensitivity was low when compared with the CFT. This would lead to the retention of infected animals within
a herd if these tests were used for control programmes. This has previously been reported for 2MB [11].
Examination of the CFT results and ELISA ODs for the three types of vaccination history were used

to derive positive ODs for the ELISA test. Using this empirical approach, we were able to produce results
comparable to the CFT in vaccinated as well as non-vaccinated animals and overall. Although the LPS

extract antigen in the ELISA test has been said not to distinguish vaccination and non-vaccination titres as
compared to CFT [12, 13], the level defined in some of these studies for a positive OD was not equivalent
to the CFT i.u. concentration taken to indicate current infection. In fact it was much lower, being defined
in terms of the OD of samples for which there was an absence of reaction in the CFT at a dilution of 1:2.
The positive level for the CFT was defined as the presence of a reaction at a titre of 1:8 or greater. A
greater sensitivity and therefore lower specificity for the ELISA test as compared to the CFT would be
expected in this situation.

As the ELISA ODs can be directly related to antibody concentration with the CFT, only one well
is required per sample even if titres are required, rendering the ELISA test cheaper and quicker to run. Also,
the reagents are fewer and easier to handle than those for the CFT.

However, ELISA tests supplied as kits

may require a high throughput or batching of samples over time if reagents are to be used efficiently, but

this also applies to the CFT.

Whilst the number of samples involved in the comparison of tests is low and the confidence intervals
of some of the percentages quoted may be wide, the following conclusions may be drawn. From the results

presented here, it is recommended that where possible the CFT test should be used for identification of
reactors after initial screening with the RBT. However, the ELISA kit used here showed great promise since
it would give very similar results to the CFT using the ODs stated for identifying reactors, and could be used
as an alternative to the CFT. The 2MB and Rivanol tests seem to have high specificity but lower sensitivity

compared to the CFT and might therefore not identify reactors. An eradication or seroprevalence survey
should not therefore depend on the latter two tests. Further work is necessary to confirm these findings.
The results from our routine samples show a low overall prevalence using the 2MB test. From the

comparison with the CFT, we now feel that the figure of 2.5% is a slight underestimate, and that if the CFT
were available routinely, the figure would be around 2.8%.

This is however not a reliable estimate of the

prevalence of infection in cattle in Yucatan state as the sample is not randomly drawn. A properly designed
survey will be necessary to determine prevalence levels. The same comments are true for the samples from
pigs.
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THE USE OF ELISA TO DETECT ANTIBODIES TO Brucella abortus
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Abstract
THE USE OF ELISA TO DETECT ANTIBODIES TO Bnicella abortus IN NATURALLY INFECTED CATTLE.

An indirect ELISA using the immunodominant antigen, smooth lipopolysaccharide (SLPS) of

Brucella abortus, was used to detect antibodies in a statistically selected dairy cattle population from the
Sabana of Bogota (Colombia). Based on the FAO/IAEA Bruceila ELISA kit, the test was standardised in

terms of plates, reagents and reference sera. Quality control for routine testing was also established.

Calculation of the appropriate cut-off optical density (O.D) value for negativity was made after discriminant
analysis and examination of the frequency of the sera distributed as positive or negative. The sensitivity and
specificity of the ELISA for diagnosis of Brucella infection were compared to the complement fixation (CF)
test results and were 94.8% and 96.0 % respectively. The use of ELISA for monitoring bovine populations
undergoing an eradication of brucellosis is recommended. The application of an ELISA using B. bovis outer
membrane proteins (OMP) as antigen is discussed.

1.

INTRODUCTION

Brucella abortus is the aetiological agent of bovine brucellosis, an acute and chronic infectious
disease of great economic importance for the cattle industry and for human health. Abortion and reduction
of meat and milk production, as well as international trade limitations are the main problems caused by the
disease. In Colombia, the disease was first detected in 1928, and the current prevalence is about 5.1%, with

a population at risk of over 10 million animals [1, 2]. A control and eradication campaign has been in

operation for more than 16 years [3, 4] and the prevalence has been reduced to 25% of its original value.
However, the final stages of the campaign require highly sensitive and specific serological tests for continued
bovine population monitoring.
Vaccination usingJB. abortus strain 19 has been widely applied in eradication campaigns and it is
considered an extremely useful tool. However, strain 19 does not provide absolute protection, and its
usefulness is also limited by the fact that it induces a serological response not readily distinguished from that
resulting from natural infection [5-7]. To discriminate infected from strain 19 vaccinated cattle, various

serological tests have been developed but none of them has either a 100% sensitivity or a 100% specificity
[8-10].

*Formerly Laboratorio de Investigaciones Medicas Veterinarias.
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Most of the ELISAs that have been developed for E. abortus antibodies use antigen adsorbed

directly to the solid phase [11-15]. The conjugates used vary in specificity, with those that use monoclonals
to IgGl being most successful [16, 17]. The antigens tested include crude smooth lipopolysaccharide
(SLPS), cell extracts obtained after disruption of smooth cells, cell membrane extracts, and highly purified
polysaccharides [12, 18, 19]. However, most authors recommend the use of extracts enriched in SLPS for
the indirect ELISA. Therefore, in this study an indirect ELISA with SLPS was used. ELISA has the added

advantage that data can be stored and analysed by computer [20].
In Colombia, the specificity and sensitivity of the standard brucellosis tests have shown limitations

[21, 22] and as the disease control campaign advances, more sensitive tests are in demand for the areas under
eradication. For this reason, it was considered necessary to work on the standardization of an ELISA test

for bovine brucellosis.
Since E. abortus is a facultative intracellular parasite, other antigens different than the known
immunodominant LPS, may play a role in protection [5, 23, 24]. The outer membrane proteins (OMP), have

being characterized [12, 23] and using an ELISA we also decided to define the antibody response against
OMP using an ELISA and examine the possibility for differential diagnosis in the early stages of the
infection.

2.

MATERIALS AND METHODS

2.1.

Animals and sera
Bovine blood was collected by caudal vein bleeding and the serum obtained after clotting distributed

in aliquots and stored at -20°C. Conventional brucellosis tests were performed with all sera. The sera were
obtained from adult cattle belonging to herds that had been continuously monitored for brucellosis.

The following groups of sera were collected:
A. Negative control sera: 25 sera from healthy animals that had not been vaccinated, and 100
negative sera from strain-19 vaccinated healthy heifers bled at a year of age. All these sera were negative

in the standard plate and tube agglutination, EDTA-tube agglutination, 2-mercaptoethanol (2-ME) and
complement fixation (CF) tests and in the milk ring test [8, 9].
B. Positive control sera: 10 positive control sera from animals that had not been vaccinated and with
JB. abortus (biotype 1) infection demonstrated by bacteriological culture; 10 positive control sera from

strain-19 vaccinated animals that became infected as demonstrated by bacteriological culture; 100 positive
sera from strain 19 vaccinated herds which were revaccinated when the infection was detected in the herd.
These animals were positive in the serological tests mentioned above.
C. 331 sera from dairy cattle in an important milk production area (Sabana de Bogota). The
animals for this part of the study were selected by statistical sampling taking into account both the prevalence

and the size of the herds [25, 26]. Local prevalence was previously determined by the standard plate
agglutination test [4, 8].
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22.

ELISA with B. abortus SLPS
An indirect microplate ELISA was performed basically following the FAO/IAEA protocols provided

with the Brucella LPS kit [27]. Horse radish peroxidase labelled rabbit anti-bovine IgG conjugate was used,
after the corresponding titration of each batch. The plates were developed for 10 minutes with an
ABTS-H2O2 chromogen-substrate solution and the reaction stopped with 50 /ul of 1% NaN3. The plates were
read in a multichanel reader (Titertek Multiskan MC. Flow Lab.Inc., Virginia, USA)

density (OD).

at 414 nm optical

In some experiments, OPD-H2O2 was used and readings made at either 450 or 492 nm

depending on the stopping solution. Control positive and negative sera provided with the FAO/IAEA kit,

as well as local (Colombia) controls were included in each plate. Test sera were run as duplicates (a total
of 36 test sera per plate) distributed on the plates as suggested by Wright et al [17]. A total of 576 sera were
tested.
Microtitre plate quality control, as well as a standardization procedure were performed [27]. In
addition, a control for repeatability was performed as follows: Reference absorbance values of positive and
negative controls were calculated as the mean of seven identical tests run under optimal conditions on

different days. Once these values were established, only results from plates in which the mean of control

sera was in the range of two standard deviations of the corresponding reference value were accepted. In
addition, to correct for day to day variations, the absorbance readings of the test sera were multiplied by a
correction factor (cf) obtained by dividing the reference negative value by the mean of the absorbances of
the same negative reference sera in the plate.
Cut-off points were established either as the Y intercept of the regression line of the absorbance
and log of dilutions of the negative sera, or by linear discriminant analysis [20].
23.

Standard brucellosis serological tests

Standard plaque and tube agglutination tests as well as EDTA antigen treated tube agglutination,
2-mercaptoethanol (2-ME) and CF tests, were performed for all sera. The ring test was performed on milk
from animals under study. Attempts to isolate B. abortus were made from body secretions, foetuses and

milk by conventional bacteriological tests [21].

2.4.

Statistical analysis

Statistical calculations were performed using an IBM PS/2 computer with a Statistical Package for Social
Sciences [26]. Correlation coefficients were calculated by Pearson, and the non-parametric ranking method
of Spearman. The standard linear discriminant analysis [20] was used to determine the positive/negative
cut-off value and to classify ELISA results into antibody positive and negative groups. In addition the
probability of inclusion in either of the groups was calculated for each serum [26].
2.5.

Dot enzyme immunoassay (Dot EIÀ)
Fifty selected sera and the corresponding controls were evaluated by dot immunoassay. All the tests

were performed on a Dot Blot apparatus (Bio Rad Laboratories, Canada), following the method described
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by Groom [28]. The SLPS antigen obtained from the FAO/IAEA kit was used at 0.5 g/well to evaluate the
test for screening. Two g/well, of outer membrane protein (OMP) obtained from sequential detergent
extraction [24] were used to compare the binding capacity of this antigen to the nitrocellulose with respect

to the polystyrene plates. The nitrocellulose sheets were developed by treating with 4-chloro-l-naphthol and
diamino-benzidine (Sigma Chemical Co., USA).

3.

RESULTS AND DISCUSSION

3.1.

Selection of substrate/chromogen system
To determine the best working conditions, checkerboard titration against FAO/IAEA reference and

local sera was performed with several conjugate batches and different chromogen-substrate systems and

stopping solutions. The results showed that systems including OPD as indicator gave high absorbance
readings with the negative sera (up to 0.70 for the 1/100 dilution) with a positive/negative absorbance ratio
estimated with the FAO/IAEA reference sera of 3 to 4. Attempts to improve the results with different
stopping solutions and conjugate dilutions were not successful. On the other hand, ABTS-H2O2 and NaN3

in the stopping solution gave consistently low readings with the negative sera (< 0.20 for the 1/100 dilution)
and positive/negative absorbance ratios of 9 to 10, regardless of the conjugate dilution. Thus, this system was

routinely used (Fig. 1).

In these experiments, it was also observed that local positive sera from the infected revaccinated

herds had higher antibody titers than the FAO/IAEA positive reference serum. With the locally obtained
sera and some of the conjugates used, lower absorbance readings were obtained with the initial dilutions as
compared to the intermediate dilutions (Fig. 1). It is possible that with strongly positive sera with high
affinity antibodies, the antigen-antibody system approaches saturation to such an extent that antigen-antibody
complexes tend to detach from the microplate [17, 29]. Thus, absorbance results obtained with low dilutions

could underestimate the real antibody titers when heavily infected populations are evaluated and, if these sera
are to be used as reference, they should be adequately diluted. For these reasons the results were evaluated
using FAO/IAEA sera as references.

3.2.

Test standardization

Table I shows the quality control followed to keep inter and intra-assay variability to a minimum.
The results obtained were used to establish the correction factor for day to day standardization, even though
the low variation coefficients confirm the repeatability of the test.
33.

Determination of the cut-off point

Table II presents the cut-off points determined by different methods used in the literature. Of these
cut-off points, those based on the determination of the FAO/IAEA reference serum negative intercept (Fig.
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Fig. L FAO/IAEA (a) and Columbian (b) reference sera titrated under optimal conditions. Conjugate 1:3000,

Na azide system.

2) and the discriminant analysis were used since this last was considered to reflect more accurately the
situation under study.
The reference test used as the criterion of positivity was the complement fixation (CF) and,
therefore, the sensitivity and specificity are also relative to the CF test (Tables III and IV). Other workers
[21,30,31] report higher values for ELISA in similar comparisons. Nevertheless, the lower relative sensitivity

observed when the cut-off point was obtained by discriminant analysis should reflect the prevalence of the
infection in the country. The results presented in the previous RCM (Buenos Aires, 1988) showed that when
sera were classified according to herd status, ELISA was the best test to monitor animal populations with
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TABLE I. BRUCELLA ABORTUS: OPTICAL DENSITY (OD) MEAN VALUES OF REFERENCE
CONTROL SERA (IAEA) TESTED BY INDIRECT BRUCELLA SLPS ELISA. RESULTS FROM

SEVEN IDENTICAL TESTS ON DIFFERENT DAYS

Weak Pos. Control

Positive Control

Test Day

Negative Control

OD

SD

O.D

SD

OD

SD

1

1.5770

.137

0.7630

.093

0.1450

.091

2

1.2130

.061

0.4560 .049

0.1420

.009

3

1.5150

.043

0.5760

.017

0.1730

.018

4

1.3930

.020

0.4180

.055

0.1630

.013

5

1.3740

.062

0.5010

.032

0.1140

.015

6

1.4490

.076

0.4290

.038

0.1210

.008

7

1.3850

.032

0.4430

.057

0.1380

.017

Mean

1.4150

.108

0.5120 .114

0.1420

.019

Coef. of variation(%)

9.05

22.22

13.65

Range mean 2SD

[1.67 1.02]

[0.76 0.26]

[0.245 0.09]

Mean of four well OD readings.

TABLE II. OPTICAL DENSITY (OD) VALUES FOR CUT-OFF POINTS FOR NEGATIVE CONTROL

SERA VALUES, OBTAINED BY DIFFERENT METHODOLOGIES FORBRUCELLAABORTUS SLPS
ELISA*

Methods

Cut-off values control sera

Maximum threshold

0.198

Reference Negative Y intercept

0.271

2 X Reference Negative mean

0.284

3 X Reference Negative mean

0.426

Reference Negative mean + 2SD

0.194

Reference Negative mean + 3SD

0.219

Discriminant Analysis

0.298

FAQ/IAEA Brucella abortus ELISA Kit.
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SI: y = 2.88-0.8 IX. r=-0.92
S2: y = 1.39-0.38X. r=-0.92
S3: y =0.27-0.076X. r=-0.92
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fg. 2. Linear regression curves for FAO/IAEA reference sera.

very low prevalence. The overlapping in the distributions of the absorbance of CF positive and CF negative
sera (Fig. 3), indicates that there is a need for a more detailed evaluation of weak positive sera.

A study of the evolution of average ELISA values for healthy strain 19 vaccinated animals within
a period of time and under common field practice of revaccination is in progress to investigate the

differences between ELISA and CF results. It is well known, that antibody characteristics from sera obtained
at different vaccination or natural infection stages [32], like affinity, avidity, concentration and isotype play

an important role in the capacity of the test used to define the status of an animal [30, 33-35].

3.4. Comparison of serological methods

576 sera were analysed by the ELISA and CF tests. Table III shows the comparison of the results
obtained when using discriminant analysis threshold determination (OD = 0.298) as the cut-off point. The

lower sensitivity observed by this analysis with respect to the one obtained using the FAO/IAEA negative
reference serum cut-off point (Table IV), confirms differences due to the prevalence of the infection in the

country. In preliminary studies in which sera were also tested by the standard plaque, tube, tube-EDTA,
and 2-ME methods [21], the value of CF as the reference test was demontrated. Also as reported at the

FAO/IAEA Buenos Aires RCM in 1988, when sera were classified according to herd status, ELISA proved
the best to monitor animal populations with very low prevalence. From the frequency distribution (Fig. 3),
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TABLE III. COMPARISON OF SLPS ELISA AND COMPLEMENT FIXATION TEST RESULTS FOR

576 BOVINE SERA, CUT-OFF OD VALUE = 0.298

COMPLEMENT FIXATION

Reference Test
( +)

O

Total

LPS

( +)

145

17

162

ELISA

(-)

8

406

414

153

423

576

Total

Sensitivity (SI) = 145153 = 94.8 %; False Negative Rate = 5.2%; Specificity (S2) = 406423 = 96.0%

False Negative Rate = 4.0%; Positive Reactor Prevalence (Reference) = 26.6%;
Positive Reactor Prevalence (ELISA) = 28.1%.

TABLE IV. COMPARISON OF SLPS ELISA AND COMPLEMENT FIXATION TEST RESULTS FOR
576 BOVINE SERA, CUT-OFF OD VALUE = 0.271

COMPLEMENT FIXATION
Reference Test

( +)

(-)

Total

24

173

LPS

(+)

149

ELISA

(-)

4

399

403

153

423

576

Total

Sensitivity (SI) = 149153 = 97.4 %; False Negative Rate = 2.6%; Specificity (S2) = 399423 = 94.3 %;

False Negative Rate = 5.7%; Positive Reactor Prevalence (Reference) = 26.6%;
Positive Reactor Prevalence (ELISA) = 30.0 %.

the negative sera presents as expected a high index of skewness. The bimodal normal distribution manifested
by the positive sera indicates the need for a sufficient number of samples to obtain a perfect evaluation and

a more detailed analysis of weak positive sera.
3.5.

ELISA using the B. abortus outer membrane protein antigen

We have attempted to standardize an indirect ELISA using the outer membrane proteins (OMP),
obtained from B. abortus, strain RB-51 as antigen [24]. Similar procedures were performed as described
above, but as reported by others [36], some plastic microwell plates are inefficient for binding proteins (less
than 8%), especially in the presence of detergent. It has also been shown that detergents used to solubilize
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membrane antigens, Zwittergent included, retard or prevent protein-binding to polystyrene microwell plates

[37].

This problem can partly be overcome by using low detergent concentration. In our case, where

preparation of antigen is laborious and limited in amount, nitrocellulose membrane was used to be consistent

with the idea that titration demands a high capacity solid phase irrespective of the presence of detergent.
Dot assay showed better qualitative differences, but still the antigen showed binding limitations. For this
reason experiments directed to reduce the detergent concentration are in progress in order to observe the

effect of lowering it to less than the critical micelle concentration as suggested by Gardas [38]. Specificity
of the control sera was also eliminated as a limiting factor since mouse specific antibodies also gave similar
results.

Regarding the LPS-Dot assay, it was reliable for strong positive sera but the evaluation of weak positive

and even negative sera became subjective because evaluation is visual. On the other hand, the test's main
limitation for screening was it's lower sensitivity since all the reagents have to be used at lower dilutions.
In conclusion, the indirect SLPS-ELISA test could be applied to the Colombian Brucellosis campaign

as a complementary support test in areas where prevalence is approaching eradication, based on its higher
sensitivity with respect to CF. More detailed studies should continue to define the possibility of standardizing

the ELISA test with other important Brucella antigens since this may provide information enabling

differentiation between vaccinated and infected animals.
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Abstract

JOFANIND:
THE DETECTION OF BOVINE ANTIBODY TO Brucella abortus.

The diagnostic performance of an indirect enzyme linked immunosorbent assay (ELISA) for the
diagnosis of bovine brucellosis was compared with that of 2 conventional screening tests, the Rose Bengal

(RB) and the buffered plate antigen (BPA) tests, as well as 2 confirmatory tests, the 2—mercaptoethanol
(2—ME) and the complement fixation (CF) tests.
All tests were compared with respect to diagnostic specificity in vaccinated herds which were
considered to be Brucella—free. The diagnostic specificities of the ELISA, the 2—ME and the CF were

comparable and greater than or equal to 99.7%. The specificity of the RB (99.7%) was very much greater

than the BPA (90.6%).

Estimates of relative specificity were obtained from vaccinated herds which were considered to be
Brucclla—infected. Relative to BPA negative reactors in these herds, the ELISA, the 2—ME and the CF
were again comparable, demonstrating specificities of greater than or equal to 99.4%. Relative to RB

negative reactors, the specificities of these assays were more disparate, ranging from 933% to 96.0%.

Estimates of relative sensitivity were obtained from the above infected herds. Relative to the BPA,
the ELISA (57.0%) and the 2-ME (56.2%) demonstrated comparable and higher sensitivities than the CF
(51.8%). Relative to the RB, the ELISA (92.9%) and the 2-ME (93.2%) again demonstrated comparable
and higher sensitivities than the CF (91.2%). The RB (49.0%) demonstrated the lowest sensitivity relative
to the BPA.

In general, the specificity of the ELISA was comparable to the 2—ME and the CF and the sensitivity

of the ELISA appears to be slightly higher than these two assays. The ELISA would therefore be a
reasonable substitute for either of these confirmatory assays. The BPA demonstrated a much higher
sensitivity than the RB, which would make the BPA a superior screening test.
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1.

INTRODUCTION

Control and eradication of bovine brucellosis is largely based on the serological detection of
antibody. There are a number of classic or conventional assays which have been successfully applied in
various combinations for the serodiagnosis of bovine brucellosis [1].
In general, rapid screening tests of high diagnostic sensitivity are first applied in control programmes

and samples that are positive are then subject to confirmatory testing in assays of higher diagnostic
specificity. In Argentina, the plate agglutination (PA) [2] and the Rose Bengal (RB) [3] tests have been used
as standard screening assays but the buffered plate antigen (BPA)

test [4] is being considered as an

alternative. The confirmatory assays in current use are the 2—mercaptoethanol (2—ME) agglutination test
[5] and the complement fixation (CF) test [6].
Presently, in our eradication programme, herds are first screened using the RB and BPA tests and
all positive reactors are then retested on the 2—ME. Positive reactors on the 2—ME are then subjected to
CF testing. Samples that are positive in the screening test but are negative after testing on the 2—ME are
allowed to remain in the herd. Positive 2—ME reactors are isolated from the herd and if they are also
positive in the CF test, they are removed for slaughter. Reactors which are positive in the 2—ME but not
in the CF remain in isolation until they revert to seronegative 2—ME status. Then they are returned to the
herd. If they become séropositive on CF, they are removed for slaughter.
Herds which have been identified as serological reactor herds are tested at 3 month intervals under
the above scheme until all CF positive reactors have been eliminated. At this point, the herds are then

tested on an annual basis to maintain their Brucella—free status.
The purpose of the present study was to investigate the diagnostic potential of the ELISA in this
testing programme. The Brucellosis ELISA kit used in this study was supplied by the Joint FAO/IAEA
Division, Agricultural Laboratory, Animal Production and Health Unit, Vienna, Austria. The kit parameters

were optimized for application in Argentina and a field trial was initiated. The diagnostic performance of
the ELISA was compared to that of the RB and the BPA screening tests and the 2—ME and the CF
confirmatory tests with respect to diagnostic specificity in Brucella—free herds and relative specificity and
sensitivity in Brucella—infected herds.

2.

MATERIALS AND METHODS

2.1.

Micro—plates
Two types of micro—plates were assessed: a medium binding capacity plate (NUNC brand, catalogue

#2-69620) and a high binding capacity plate (NUNC brand, catalogue #4-39454). Both are flat bottomed,

96 well, polystyrene plates and were supplied with the kit.
22.

Brucella antigen
Hot water/phenol extracted, smooth lipopolysaccharide (SLPS) antigen (B. abortus. S1119—3) in 1

mg, freeze dried aliquots was supplied with the kit. The antigen was reconstituted with 1 ml of distilled H2O
and stored at —20°C until required.
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23.

Enzyme—labelled conjugates
Horseradish Peroxidase (HRP)—labelled rabbit anti-bovine IgG (H&L chain) in 1 ml freeze dried

aliquots was supplied with the kit. This conjugate was reconstituted with distilled H2O, diluted 1/10 with
diluent buffer and stored in aliquots at —20°C. Once thawed for use, the aliquots were stored at +4°C.

HRP—labelled, mouse monoclonal anti—bovine IgG1 in 50% glycerol was supplied by Dr. Klaus Nielsen of
ADRI, Canada. This conjugate was stored at +4°C at all times.
2.4.

Enzyme substrates
Two hydrogen donors were assessed in combination with hydrogen peroxide; ortho—phenylene

diamine (OPD)

and 2,2'—azino-di—(ethylbenzthiazoline—6-sulfonic acid) (ABTS). OPD was supplied with

the kit and ABTS (Sigma) was supplied by Dr. Wright of ADRI, Canada. OPD tablets were dissolved in
distilled H2O at a concentration of 0.4 mg/ml (2.2 mM) and aliquots were stored at —20°C until required.
ABTS was dissolved in distilled H2O at a concentration of 40 mM and stored at +4°C until required.

Hydrogen peroxide, 3% (882 mM) was stored at + 4°C until required. A stock of l M Na citrate (pH ~ 1.5)
was prepared in distilled H2O and kept at room temperature for use as a stopping agent for the OPD

substrate system.
2.5.

Test sera
Cattle from herds participating in the Brucellosis program were bled at regular intervals. Sera were

removed after clotting and either tested fresh or after storage at —20°C.
Herd groups: Two herd types were selected based on their serological status. The following definitions

were used to determine status:
Brucella—free herds were defined as those herds which are currently participating in the test and
slaughter program and have been culled on the basis of positive CF reactivity. These herds, following the
final removal of the last CF positive reactors, have been bled annually and have remained CF negative in

the 2 tests prior to the bleedings being considered here. A total of 1,082 sera were collected from 10
Brucella—free herds. The herd sizes ranged from 40-270 cattle per herd.

Brucella—infected herds were defined as those herds which are currently participating in the test and
slaughter program and are being culled on the basis of positive CF reactivity. These herds are being bled
at regular intervals (3 months) and CF positive reactors are still being culled on a continual basis. Although

the number of reactors is diminishing, the herd was considered to be infected if there was at least 1 CF
positive reactor in a herd test. A total of 4,765 sera were collected from 20 Brucella—infected herds. The
herd sizes ranged from 43-770 cattle per herd.

2.6.

ELISA procedure

Antigen coating: Stock Brucella SLPS was diluted to a working concentration of 2 ug/ml in 0.06 M
carbonate/bicarbonate buffer, pH 9.6. Volumes of 50/ul were pipetted into all 96 wells of the microplates.
The plates were sealed and incubated overnight at ambient room temperature for use the next day.
Washing procedure: Immediately prior to each subsequent step, the plates were washed with 0.01

M phosphate buffer containing 0.15 M NaCl and 0.05%

Tween 20, pH 7.2 (PBS-T). Using a Titertek
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Handiwash (Flow Laboratories), all the wells of each plate were independently filled with PBS—T
wash/diluent solution. Five wash cycles were applied and between each cycle the contents of the plate were

discharged manually by an inverted downward motion. Residual wash solution was removed by vigorous
rapping of the inverted plate on a lint—free absorbent surface. The plates were never allowed to air dry

between successive steps of the assay.
Serum application: Test sera and controls were diluted in PBS—T wash/diluent solution. For
experimental purposes, two—fold dilutions of sera were prepared from an initial dilution of 1/25. All test

sera were applied in duplicate in 50/ul volumes. All control sera were applied in quadruplicate in the above

volume. The plates were sealed and incubated at 37°C for 1 hour.
Conjugate application: Both conjugates were diluted in PBS—T wash/diluent solution.

For

experimental purposes, various dilution series were prepared depending on the substrate system being tested.
All conjugate dilutions were applied in duplicate in 50;ul volumes. The plates were sealed and incubated at

37°C for 1 hour.
Substrate application: Immediately prior to use an aliquot of OPD solution (2.2 mM) was thawed
and prior to application to the plate, 3% H2O2 was added to a final concentration of 3.5 mM. The pH of
this solution was between 5.0 and 6.0. The OPD substrate solution was added to all wells of the microplates

in 50 ul volumes and the enzymatic reaction was allowed to proceed on an orbital plate shaker at room
temperature for 10 minutes. At this point, the reaction was stopped by the addition of 25/ul of stopping

reagent to each well.

Immediately prior to use, stock solutions of ABTS and H2O2 were added to 0.05 M citrate- Na

citrate buffer, pH 5.0, to final concentrations of 1 and 4.4 mM, respectively. The ABTS substrate solution
was added to all wells of the microplates in 100/ul volumes and the enzymatic reaction was allowed to
proceed on an orbital plate shaker at room temperature for 10 minutes. No stopping agent was used with
this chromogen system.
Colour development was recorded photometrically using a Titertek Multiskan Plus microplate

photometer (Flow Laboratories) at a wavelength of 450 nm for OPD and 414 nm for ABTS. Optical density
values were stored in a microcomputer database for statistical manipulation.
Conventional Assays: All conventional assays were performed as described in the literature cited in

the Introduction. For the RB and BPA, any agglutination of 1 + or greater was considered to be positive.
For the 2—ME, agglutination of 3+ or greater at a minimum dilution of 1/25 was considered to be positive.

For the CFT, hemolysis of 50% or greater at a minimum dilution of 1/10 was considered to be positive.

3.

RESULTS

3.1.

Micro—plates

Both plate types were used in the titration of sera and conjugates and in the evaluation of substrate

systems. In all cases, the high binding plates demonstrated higher levels of non-specific optical density (OD)
background activity than did the medium binding plates. The magnitude of background activity was
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dependent on the substrate system being used. Backgrounds increased to a greater extent using OPD
compared to ABTS. The OD ratio of weak positive (P) to negative (N) reactivity was greater (P/N ratios
of 3—4) for the medium binding plates as compared to P/N ratios of 2—3 for the high binding capacity plates.

32.

Serum and conjugate titrations

Sera with a range of antibody activity and the polyclonal and monoclonal conjugates were assessed
in chequer board titrations using both substrate systems. Using OPD substrate system, optimal results were

obtained at a serum dilution of 1/400 and a polyclonal conjugate dilution of 1/8,000 and monclonal dilution
of 1/10,000. Using the ABTS system, optimal results were obtained at a serum dilution of 1/200 and a
polyclonal conjugate dilution of 1/3,200 and a monoclonal dilution of 1/5,000. Optimal conditions were

assessed based on the maximum OD ratio of weak positive (P) to negative (N) reactivities, as above. The
medium binding capacity plates and the ABTS substrate system demonstrated P/N ratios in the order of 3—4,

whereas the same plates and the OPD substrate system demonstrated P/N ratios of 2—3. The performance
of both the polyclonal and of the monoclonal conjugate was very similar in all titrations and no apparent
diagnostic differences were observed in the testing of a small group 20 negative and 20 positive sera.
33.

Optimal assay parameters

Based on the observations above, the following parameters were considered to be optimal:
Microplate — medium binding capacity;

Serum dilution — 1/200; Conjugate — polyclonal 1/3,200;

Substrate system - ABTS. All other conditions were as stated in the Materials and Methods.
3.4.

ELISA threshold determination

A total of 2300 sera were available from Brucella—free herds. Some of these sera represented
multiple bleedings from the same herd. The OD values were arranged in a percentile distribution and the

mean OD value and standard deviation (SD) of the 100th percentile was calculated as 0.324 ± 0.038. For
diagnostic purposes, the mean ± 2SD was used to determine thresholds as follows:
Negative

-

< 0.248

Suspicious

-

> 0.248 but < 0.400

Positive

-

> 0.400

However, for this seroepidemiological analysis, OD values of > 0.325 were considered to be positive
and all other values were considered to be negative.
3.5.

Diagnostic specificity
The results of the testing of 1,082 serum samples from individual cattle in Brucella—free herds is

displayed in Table I. Diagnostic specificity was calculated as:

Total N° of negative
—————————— X 100
Total N° of cattle
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TABLE I. ESTIMATES OF DIAGNOSTIC SPECIFICITY FOR ALL TESTS IN BRUCELLA-FREE

DAIRY HERDS

Test

Total

BPA

1082

RB

1082

2-ME

Negative

Positive

980

102

90.6%

1079

3

99.7%

1082

1080

2

99.8%

CF

1082

1081

1

99.9

ELISA

1082

1079

3

99.7%

Specificity

BPA — Buffered plate antigen agglutination test
RB — Rose Bengal plate agglutination test
2—ME — 2—Mercaptoethanol tube agglutination test
CF — Complement fixation test
ELISA — Indirect enzyme immunoassay

Of the 2 screening tests, the RB demonstrated a high diagnostic specificity (99.7%) compared to

the BPA (90.6%). Of the confirmatory tests, the ELISA (99.7%) compared favourably with the diagnostic
specificities of the 2-ME (99.8%) and the CF (99.9%).
Exclusive of the BPA results, 9 positive results were observed. These represented 8 different
animals and only one reacted on more than one test (RB and 2—ME). All 8 of these animals were positive
by BPA.
3.6.

Relative specificity

Specificity relative to the 2 screening tests, RB and BPA, in the testing of Brucella—infected herds

is displayed in Table II. Relative specificity was calculated as follows:
Total N° of comparative test negative
X 100

Total N° of Screening test negative
Relative to BPA negative reactors, the ELISA (99.4%), the 2-ME (99.8%) and the CF (99.8%)
demonstrated high and comparable specificities. Relative to RB negative reactors, the ELISA (93.3%), the
2—ME (94.2%) and the CF (96.0%) demonstrated lower and more disparate specificities.

3.7.

Relative sensitivity

Sensitivity relative to the 2 screening tests, RB and BPA, in the testing of Brucella—infected herds

is displayed in Table III. Relative sensitivity was calculated as follows:
Total N° of comparative test positive
————————————————————— X100
Total N° of relative test positive
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TABLE II. ESTIMATES OF TEST SPECIFICITY RELATIVE TO BPA AND RB SCREENING

TEST NEGATIVES IN BRUCELLA-INFECTED DAIRY HERDS

Test

BPA Neg.
2692a

RB Neg.
3744

BPA

--

71.8%

RB

99.8%

--

2-ME

99.8%

94.2%

CF

99.8%

96.0%

ELISA

99.4%

93.3%

BPA — Buffered plate antigen agglutination test

RB — Rose Bengal plate agglutination test
2—ME — 2—Mercaptoethanol tube agglutination test
CF — Complement fixation test
ELISA — Indirect enzyme immunoassay
a — number of negative reactors out of 4,765 cattle tested

TABLE III. ESTIMATES OF TEST SENSITIVITY RELATIVE TO BOTH SCREENING AND

CONFIRMATORY TEST POSITIVE REACTORS IN BRUCELLA-INFECTED HERDS

Sensitivity relative to:
BPA

RB

2-ME

CF

ELISA

2073a

1021

1169

1074

1199

BPA

-

99.5%

99.6%

99.5%

98.6%

RB

49.0%

--

81.4%

86.3%

79.1%

2-ME

56.2%

93.2%

-

96.8%

92.8%

CF

51.8%

91.2%

89.4%

~

87.4%

ELISA

57.0%

92.9%

95.2%

97.1%

~

Test

BPA - Buffered plate antigen agglutination test
RB - Rose Bengal plate agglutination test
2-ME - 2-Mercaptoethanol tube agglutination test
CF - Complement fixtion test

ELISA - Indirect enzyme immunoassay
a

- Number of positive reactors out of 4,765 cattle tested
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Relative to BPA positive reactors, the ELISA (57.0%) and the 2-ME (56.2%) demonstrated
comparable and higher sensitivities than the CF (51.8%). The sensitivity of the RB (49.0%) was very much

lower than any of the confirmatory tests relative to the BPA. Relative to the RB, the ELISA (92.9%) and
the 2—ME (93.2%) again demonstrated comparable and higher sensitivities than the CF (91.2%). The

sensitivity of the BPA (99.5%) was the highest relative to the RB.
Also compared in Table HI are the sensitivities of the confirmatory tests relative to each other.
Relative to the CF, the ELISA (97.1%) and the 2-ME (96.8%) demonstrated comparable sensitivities. The
CF (87.4% and 89.4%) demonstrated lower sensitivities relative to the ELISA and the 2—ME, respectively.

The ELISA (95.2%) demonstrated a somewhat higher relative sensitivity than did the 2-ME (92.8%) when

compared to each other.

It is also noted from this Table that the sensitivity of the BPA (98.6% to 99.6%) relative to the
confirmatory tests was very much higher than the RB (79.1% to 86.3%) in the same comparison. In fact,

the RB detected the fewest number of reactors in the Brucella—infected herds.

4.

DISCUSSION

The purposes of this study were two fold: firstly, to optimize the parameters of the newly adopted
Brucellosis ELISA kit on behalf of the FAO/IAEA and secondly, to investigate the diagnostic potential of
the kit hi Argentina.

With respect to kit optimization, it was observed that the medium capacity binding plates permitted
a better distinction between negative sera and weak positive sera. Binding capacity generally refers to the
protein adsorption characteristics of these polystyrene microplates. The antigen used in this assay is not
protein but a smooth lipopolysaccharide (SLPS). While the SLPS of B. abortus binds very well to
polystyrene, it may be that there are protein reactive sites present in the high binding capacity plates which
are not reactive with SLPS and are therefore free to react with proteins found in the test sera. This may
account for the high nonspecific backgrounds observed with these plates.
Two hydrogen donors were assessed in the peroxidase substrate system, OPD and ABTS. While the
choice of hydrogen donor is largely based on personal preference, there are some differences in diagnostic
performance which should be considered. The OPD combination tends to be a much more sensitive

indicator system and optimal conjugate concentrations are much lower (in the order of 2 — 3 times) than for
the ABTS combination. However, in attempting to maximize the distinction between negative and weak
positive sera, a greater positive to negative (P/N) ratio was observed using the less sensitive ABTS
combination. This may be due to nature of the antigen—antibody system in the brucellosis ELISA. As

discussed above, the use of SLPS as the antigen may leave sites on the microplate which are free to
nonspecifically react with serum proteins (ie. immunoglobulins). Also, the SLPS antigen tends to react with

antibody elicited by other cross—reacting gram negative bacteria [7] and it is thought that the majority of
these antibodies are of the IgM class. A highly sensitive hydrogen donor such as OPD may tend to amplify
these background activities to a much greater extent than a less sensitive system such as ABTS.
Two anti—bovine conjugates were assessed. The conjugate supplied with the kit was a commercially
prepared, polyclonal, rabbit anti—IgG (H&L chain). It is likely that the H-chain specificity of this conjugate
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is predominantly anti—IgG.,, as this isotype would likely be the most prevalent in serum preparation used for

antibody production. By virtue of its L-chain specificity, this conjugate would also be capable of detecting
all other bovine isotypes, notably IgM and IgG2 in serum. Although this would tend to increase the

analytical sensitivity of the assay, it may reduce the diagnostic specificity due to the nonspecific nature of
some IgM reactions. Higher test serum dilutions would counteract this effect. The second conjugate assessed
was a mouse, monoclonal anti—IgG1 (H-chain specific) preparation. Both the polyclonal and the monoclonal
conjugates demonstrated near identical profiles in the titration of antibody sera. This would suggest that the
predominant immunoglobulin involved in the immmune response in cattle to B.abortus infection is of the

IgG1 isotype. This monoclonal conjugate is being used in the ELIS A systems developed at ADRI in Canada.

In the testing of a small panel of antibody negative and positive field sera, the two conjugates performed
comparably.

A decision was made to use the polyclonal conjugate supplied with the kit and a

recommendation was made to the FAO/IAEA that the monoclonal conjugate might be considered as an

alternative to the polyclonal conjugate at some future date after more extensive field trials have been

conducted.
The diagnostic performance of the ELISA was compared to that of 2 conventional screening tests
and 2 conventional confirmatory tests. Both the RB and the BPA are 'acidified' plate agglutination tests.
This promotes the reactivity of the IgG1 isotype which does not agglutinate well at a neutral pH [8]. The
treatment of serum with 2—ME effectively abrogates the reactivity of IgM in this tube agglutination test and
at the same time enhances the reactivity of IgGl (by mechanisms unknown) in this neutral pH test.

Although both IgG1 and IgM fix bovine complement, only IgG-, is effective in the CF test which utilizes

guinea pig complement in its indicator system. In summary, only the ELISA test is capable of detecting IgM,
IgG., and IgG2; the BPA, RB and 2-ME tests are capable of detecting both IgG-, and IgG2 and the CF test
is capable of detecting only IgG-, type antibodies. This means that all of these tests are not equally sensitive
in the detection of the various isotypes.
Two things should be kept in mind in the discussion of the diagnostic performances of these tests.

Firstly, all of the cattle under study were vaccinated as calves with a full dose of B.abortus S19. Therefore,
it may be expected that some cattle had low levels of residual antibody as adults. Secondly, until the recent
introduction of the BPA to the test and slaughter program, the PA, RB, 2—ME and CF tests have been used
to eliminate reactors from these herds as explained in the Introduction. This may have biased the results

somewhat, since the BPA and the ELISA have not been applied as extensively as the standard tests in the
elimination of serological reactors in this program.

Perhaps the most striking observation was the difference in the performance of the RB and BPA
screening tests. The estimate of diagnostic specificity of the RB was far greater than what would be expected
of this screening test in the testing of a vaccinated population, whereas, the performance of the BPA would

be more in line with expectations. Both of these tests are subjectively read by eye. As the BPA has only
recently been introduced, it is possible that reader bias may have contributed to the differences in these
results. The relative proportion of test serum to whole cell antigen is greater in the BPA; this may have
increased its analytical sensitivity and thus reduced its apparent diagnostic specificity.

The principal requirement of any screening test is a low false negative rate. In the assessment of
the relative specificities of the confirmatory tests, it would be expected that screening test negative reactors
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should, if retested, be negative in tests of higher diagnostic specificity. This was in fact true of the BPA but
not of the RB test. Of the screening tests, 99.4% or greater of the negative BPA reactors were confirmed
negative in the 2—ME, CF and ELISA tests which would likely be within acceptable experimental error for

this study.
Only 93%—96% of negative RB reactors were confirmed as negative, suggesting that the RB may

have an unacceptable false negative rate. It is accepted that a screening test will have a high positive reactor
rate, of which a high percentage of reactors will actually be false positive upon confirmation. The positive
reactor rate in the testing of infected herds was also surprising. The positive reactor rate for the BPA was
43.5%, whereas it was 21.4% for the RB. The positive reactor rate of the BPA was approximately double
that of the confirmatory tests. Given that there is infection superimposed upon vaccination in these herds,
there is likely a certain level of antigenic stimulation ongoing at all times even if many of these animals are

protected. The high sensitivity of the BPA in the detection of all of the major bovine immunoglobulin
isotypes may be reflected in this high reactor rate. The positive reactor rate of the RB was actually lower

than all of the confirmatory tests, suggesting that the diagnostic sensitivity of this screening test may be
unacceptably low, despite its ability to detect all of the major isotypes.
What is more important in the initial evaluation of a screening test is that reactors which are positive

in the confirmatory tests, should also be positive in the screening tests. Of the confirmatory tests positive
reactors, 98.6% or greater were also BPA screening test positive. Only 79%—86% of confirmatory test

positive reactors were RB screening test positive, confirming the low sensitivity of the RB test.

The ELISA compared favourably with the 2—ME and the CF in terms of diagnostic specificity,
despite the fact that cattle had been previously culled from these herds based on their 2—ME and CF

reactivity. In terms of relative specificity, the ELISA again fared well against the other 2 confirmatory tests
in the testing of BPA negative reactors from infected herds. Estimates of specificity relative to the BPA

would be a less biased comparison since the BPA has not only just recently been introduced as a screening

test in these herds, whereas the RB has been used extensively. In addition, there is a greater probability that
BPA negatives are actually true negatives given the performance of the RB, as discussed above.
Using BPA positive reactors from infected herds, the ELISA demonstrated the highest relative
sensitivity of all confirmatory tests. As well, when the confirmatory were compared relative to each other,

the relative sensitivity of the ELISA was invariably higher in each comparison. This would suggest that the

overall sensitivity of the ELISA is in fact greater than either the 2—ME or the CF.
In summary, these data would suggest that the performance of the BPA is very much superior in
terms of sensitivity to that of the RB as a screening test. In addition, the performance of the ELISA is
comparable in terms of specificity to that of the 2—ME and the CF, but is superior in terms of sensitivity to

both of these assays. If the BPA were to be used as a screening test, then the confirmatory test of choice

would be the ELISA, if only one confirmatory test was to be selected.
Based on these data, it would appear that a false positive rate of approximately 10% may be
expected of the BPA. The reactor rate observed in the Brucella—infected herds was approximately 44%.

If the false positive rate were equal in both herd types, then the true reactor rate in the infected herds could
be as high as 34%. The reactor rate for the ELISA in the infected herds was approximately 25% and the

vast majority of these cattle were also BPA positive. The question remains as to whether or not the
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approximately 9% of the cattle in these herds which are BPA positive only are actually true positives. To
answer this, these cattle must bled over time to determine whether or not the sensitivity of the BPA is that
much greater than the ELISA or the other confirmatory tests. It may very well be that this difference will
decrease with time as the analysts operating this subjective test become more familiar with its performance
characteristics. At this point, the best combination of tests would be the the BPA as a screen and the ELISA

as a confirmatory test.

The ELISA offers, in addition to its diagnostic performance, several major advantages. Sera do not
have to be pretreated with 2—ME or heat inactivated for the CF. There are no requirements for red blood

cells and guinea pig complement as in the CF. The ELISA is performed at a single dilution and is assessed

objectively, thus reducing technical and reader error. The ELISA has a higher assay throughput, thus
allowing a greater number of samples to be handled per analyst. Lastly, all of the ELISA reagents are stable
and will be soon internationally standardized and available in kit form.
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Abstract
ASSESSMENT OF AN INDIRECT ELISA FOR THE DIAGNOSIS OF BOVINE TUBERCULOSIS.

The sensitivity and specificity of an ELISA for the detection of bovine IgG anti-Mycobacterium bovis
(M. bovis) antibodies were 73.6% and 94.1% respectively, as determined in 53 bacteriologically confirmed

tuberculous cattle and 101 healthy cattle from a tuberculosis-free area. In addition, the results of ELISA and
tuberculin tests in 149 cattle were compared with those of subsequent necropsy studies. Both tests failed to
detect 2 animals with tuberculous lesions and positive M. bovis culture. Three of 12 cattle, in which M. bovis

was isolated but no lesions were found, reacted to tuberculin as did 2 of 7 cattle that had atypical
mycobacterial infection.
In none of these animals was it possible to detect antibody titres against M. bovis. In 128 cattle that

had no lesions nor the presence of mycobacteria, 6 were tuberculin reactors and 7 others had antibody titres

against M. bovis. Negative results were obtained by ELISA in 21 of 22 paratuberculous cattle. Antibody
titres were not detected in 88.9% to 96.4% of 697 cattle in three tests from two tuberculin negative herds
of an endemic area. In a herd with proven M. bovis infection, the distribution of seropositive animals in
tuberculin and non-tuberculin reactors was similar. Antibody responses to cutaneous tuberculin stimuli were
observed in 4 cattle experimentally infected with M. bovis. but only in 2 of 10 healthy controls after repeated
PPD stimuli. Nine controls which had either received a single tuberculin dose or no inoculation showed no
increase in antibody levels.

The low sensitivity of this ELISA limits its usefulness as a diagnostic tool for identifying individual
tuberculous animals in eradication campaigns. However, it could be helpful in epidemiological surveillance

if further field testing indicates that infected herds can be identified by ELISA.

*Formerly Pan-American Zoonoses Centre (CEPANZO).
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1.

INTRODUCTION

In our previous assessment of an enzyme-linked immunosorbent assay (ELISA) for the detection

of bovine circulating IgG mycobacterial antibodies, 90.0% of bacteriologically confirmed tuberculous cattle
were found positive, whereas negative reactions were observed in 89.8%

healthy cattle from a

tuberculosis-free area [1]. Such sensitivity and specificity, which are at least comparable to those attributed
to the tuberculin skin test [2], encouraged us to explore further the applicability of this method to the
diagnosis of bovine tuberculosis. We conducted a series of studies involving naturally and experimentally

infected cattle, the results of which are reported here.

2.

MATERIALS AND METHODS

The presence of M. bovis antibodies was examined in 2568 serum samples obtained from naturally
and experimentally infected cattle and their controls.

Cattle selected at the slaughterhouse lacked a recorded history of previous exposure to PPD.
Experimental animals had not been inoculated with PPD before starting the experiment. The remaining

cattle were tested on ELISA at least six months after the last tuberculin test.

2.1.

Naturally infected cattle

2.1.1.

Bacteriologically confirmed tuberculous cattle and controls
Animals with macroscopic lesions compatible with tuberculosis were selected at the slaughterhouse.

Serum was obtained from the intracardiac clot, and lesion samples were taken for bacteriological studies.
Only the sera from 53 animals from which M.bovis was isolated were examined by ELISA. Healthy animals
from a known tuberculosis-free area (Campo DILFA, Uruguay) were used as controls (n = 101). These

animals were from a closed herd located on an island where no M. bovis had been detected for 20 years.

2.7.2.

Blindly selected necropsied cattle
Seventy-two hours prior to slaughter, serum samples were collected from 149 animals and tuberculin

skin tests were simultaneously performed. Samples from macroscopic lesions or, when not observed, from
mediastinic and retropharyngeal lymph nodes were taken for mycobacterial isolation.

2.1.3.

Tuberculin-negative cattle from a tuberculosis endemic area
Sera from cattle in a carefully controlled herd (n = 137), from which occasional tuberculin positive

animals were promptly eliminated, were examined in the ELISA test.
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Serum samples were obtained from a large herd in which all tuberculin reactors had been eliminated
recently. The samples were collected in two consecutive years from 523 and 560 cattle, respectively. The
samples obtained in the first year were retested along with the samples obtained in the second year. Twelve
animals that were ELISA positive in the second bleeding were retested six months later.

2.1.4.

Cattle from a tuberculosis infected herd
Sera from 594 animals from a herd previously skin tested were evaluated by ELISA. Twenty-three

percent of these cattle were positive on the PPD skin test. Two animals had been confirmed positive by
culture of M. bovis.

2.7.5.

Bacteriologically confirmed paratuberculous cattle

Serum samples were collected from 22 cattle from which M. paratuberculosis from the faeces were
isolated. The animals belonged to a tuberculosis-free herd with proven paratuberculosis infection.

2.2.

Experimentally infected cattle
Three steers, 8 months of age, were inoculated intravenously with 0.01 mg (wet weight) of M. bovis

strain CPZ 7773 isolated from a cow. Bovine PPD (0.1 mg) was injected intradermally at weeks 6, 9, 11,

14, and 16 post-inoculation (p.i.). Another steer of the same age was inoculated intravenously with 0.001 mg
(wet weight) of M. bovis AN5, a strain with a lower virulence than that of M- bovis strains recently isolated
from pathological lesions. PPD at the above-mentioned dose was injected intradermally at weeks 26, 36, 72,
74, 77, 79, and 110 p.i. Blood samples were collected periodically until week 47 p.i. from the first three
animals, and until week 116 p.i. from the last animal. Lesion samples were obtained at necropsy for

bacteriological studies.
Nineteen healthy steers served as controls. They ranged from 6 to 36 months of age and were

grouped into four lots of 4 or 5 animals each. Lots 1 and 2 received 0.1 mg of bovine PPD intradermally
every 14 and 56 days, respectively, through the 36 weeks of the study. Lot 3 received only one dose of PPD
at the onset of the experiment. Animals in lot 4 were not inoculated with PPD. Blood samples were

obtained fortnightly through week 36. All experimental animals came from tuberculosis-free farms.

23.

Bacteriological studies
Specimens were minced in a tissue grinder, decontaminated by adding 4% sodium hydroxide, and

cultured on Lowenstein-Jensen and Stonebrink media. Species identification was based on previously
described tests [3].
Faecal samples were processed and cultured according to methods previously described for M.

paratuberculosis isolation [4].
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2.4.

Enzyme-linked immunosorbent assay

The assay was performed as described previously [1], with the following modifications: M. bovis
PPD antigen was employed at a concentration of 10/ug/ml in carbonate buffer; affinity purified rabbit
anti-bovine IgG (H + L chain), coupled to horseradish peroxidase (Accurate Chemical Scientific Corp.
Westbury, N.Y.), was used at an optimal dilution of 1:2400; the working substrate-chromogen solution was

prepared combining 200/ul of 2,2 azino-bis(3-ethylbenzthiazoline sulphonic acid) (Sigma Chemical Co.)
solution (32.9 mg/ml), 50/ul of H2O2 9% (v/v)

stock

and 12 ml of citrate buffer, pH 4; volumes of 100/ul per well

were used, except for the antigen, 120/ul of which were dispensed into each well.

3.

RESULTS

3.1.

Sensitivity and specificity

OD values obtained in sera from cattle of the tuberculosis-free area ranged from 0.010 to 0.330.
The cut-off value was 0.170 OD units as determined by the addition of two standard deviations to the mean
OD (n = 101; mean = 0.056; SD = 0.57).

Antibody levels were above the cut-off point in 73.6% (39/53) of the sera from bacteriologically
confirmed tuberculous cattle, whereas 94.1% (95/101) of the sera from the tuberculosis-free cattle had values
below the cut-off (Table I; Group la and Ib).

TABLE I. SEROLOGICAL ANALYSIS BY ELISA OF NATURALLY INFECTED AND
CONTROL CATTLE POPULATIONS

Group

Description

Positive/

number tested

Percentage
positive

la

Active tuberculosis confirmed
bacteriologically

39/59

73.6

Ib

Healthy controls from a
tuberculosis-free area

6/101

5.9

2

Blindly selected at the

*

*

slaughterhouse
3

With confirmed paratuberculosis

1/22

4.5

4a

Long dated tuberculin negative
herd

5/137

3.6

4b

Herd recently freed of tuberculosis
1st sampling
22/523
62/560

4.2
11.1

46/139

33.1

126/455

27.7

2nd sampling

5

M. bovis infected herd
Tuberculin pos.cattle
Tuberculin neg.cattle

»Refer to Table II for the data.
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TABLE II. TUBERCULIN SKIN TEST AND SEROLOGICAL RESULTS IN 149 BLINDLY SELECTED
NECROPSIED CATTLE
Necropsy

No.

Organisms

Tuberculin

Findings

Animals

recovered

Skin Reactors

Reactors

Macroscopic lesions
compatible with
tuberculosis

2

M. bovis

0

0

No visible lesions

12

M. bovis

3

0

7

Atypical myco-bacteria

2

0

128

Culture negative

6*

7*

* Tuberculin and serological reactors did not overlap.

32.

Tuberculin skin test and serological results in blindly selected necropsied cattle

The results of the ELISA and of the tuberculin skin test for 149 cattle randomly selected at the
slaughterhouse are summarized in Table II. Only two animals had tuberculous lesions that were confirmed
by M. bovis isolation. Neither had tuberculin skin reactivity nor detectable circulating antibodies. Of the
remaining 147 animals with no visible lesions at necropsy, 12 were positive for M. bovis by culture; three of

these were tuberculin reactors and none showed detectable antibody titers. Atypical mycobacteria were
isolated from 7 animals and tuberculin skin reactivity was observed in 2. Antibodies to M. bovis were not

detected in any of these animals.

Of 128 animals with neither lesions nor the presence of mycobacteria as determined by isolation,
6 were tuberculin reactors, while 7 others had circulating antibodies.

3.3.

Antibody determination in paratuberculous cattle

Only 1 out of 22 confirmed paratuberculous animals showed a low M. bovis antibody titres as
determined by ELISA; the remaining 21 were negative (Table I, Group 3).
3.4.

Antibody determination in tuberculin-negative herds from a tuberculosis endemic area

In a herd that had been negative by tuberculin lest for many years, the ELISA showed that 96.4%

of the cattle (132/137) were negative for M. bovis antibodies (Table I, Group 4a).
Antibody determinations in sera from a herd which had been recently freed of tuberculosis indicated

that 95.6% of the animals (501/523) were seronegative. A year later, this percentage dropped to 88.9%
(498/560). Twelve animals with strongly positive results in the second test were retested six months later.

Nine of these animals became seronegative. The whole herd was negative to the tuberculin skin test during
the period of the study (Table I, Group 4b).
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Fig. 1.

6 9 f2 W16 19 23

29 33 38 42 47 weeks p.i.

Serum antimycobacterial antibodies detected by ELISA at different

times after infection with M. bovis and inoculation with PPD. Three steers
infected on day 0; PPD inoculated intradermally as indicated.

3.5.

Antibody determination in a herd with proved M. bovis infection

Twenty-nine percent (172/594) of cattle from this herd had detectable antibodies in ELISA.

Seropositive animals were evenly distributed between the tuberculin reactors and the non-reactors (Table
I, Group 5).
3.6.

Anamnestic antibody response to cutaneous PPD in experimentally infected cattle
The 3 steers infected with a highly virulent wild strain of M- bovis developed detectable antibodies

10 weeks p.i. (Fig. 1). Antibody levels increased three or four weeks after the first PPD stimulus and

persisted at high levels for eight weeks. Antibody levels began to drop by about 4 weeks after the stimulus
was discontinued. The antibody response was similar in the steer inoculated with M. bovis strain AN5. No

increase of antibody levels was observed before PPD inoculation. Anamnestic responses to PPD stimuli were
short-lived. M. bovis was isolated from the animals represented in Figure 1.
Of the nineteen steers that served as uninfected controls, only one of the five animals in Lot 1 (PPD

inoculated at 14-day intervals) had moderately high antibody levels at the onset of the experiment, which

persisted during the whole period. After the third tuberculin injection, an increase in antibody levels was
observed in one animal from Lot 1 and in one from Lot 2 (PPD given at 56-day intervals). The remaining

16 controls were seronegative throughout the experiment (Fig. 2).
4.

DISCUSSION

The results obtained in the present study show that: a) Mycobacterial antibodies were present in
a high percentage of animals with active tuberculosis (lesions with isolations of M. bovis - Table I, Group
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Serum antiraycobacterial antibody levels by ELISA in uninfected

control cattle. The line indicates the trend for medium ELISA values for
each lot of animals.

Lot 1 - Fortnightly PPD inoculations; Lot 2 - PPD

inoculations at 8-week intervals; Lot 3 - One PPD inoculation on Day 0; Lot
4 - no PPD inoculations.

la), but absent in subclinically infected cattle (no lesions but M. bovis isolation - Table II). b) There was
little apparent correlation between the results obtained with the tuberculin skin test and the ELISA (Table

I, Group 5). c) Anamnestic antibody responses to tuberculin were observed in all the experimentally infected
cattle (Fig. 1). In a small number of the control animals, antibody responses occurred after repeated PPD
stimuli (Fig. 2).

d) The ELISA showed a fairly high specificity in the testing of animals both from

tuberculosis-free and endemic areas (Table I, Groups Ib and 4a), although fluctuations in antibody levels
were seen in a small percentage of animals (Table I, Group 4b). When the herd test (Table I, Group 4b)
was repeated one year later, the test results were highly reproducible for a given animal.
Mycobacterial antibodies were found in almost 3 out of every 4 cattle with active tuberculosis.

The discrepancy with the sensitivity levels of our previous assessment (90.0%) could be due to the use of a
larger number of observations, to technical modifications which increased the ELISA specificity, and to the
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fact that a different criterion was adopted in the selection of the ELISA cut-off value that separated negative

from positive cattle. On the other hand, no IgG antibody response was detected in the early stages of
bovine tuberculosis or in its latent form. This was shown by the seronegativity of all the infected animals
with no visible lesions at necropsy and by the absence of antibody production in the early stages of
experimental infection. This low sensitivity represents a serious drawback for the ELISA test. The use of
M. bovis-specific monoclonal antibodies (MAbs) for the purification of antigens and/or in competition

assays would probably improve specificity [5]. However, it is unlikely that sensitivity could be improved by

this means. The reported work on the application of MAbs to human tuberculosis diagnosis is not very
encouraging, probably because of the wide heterogenicity of individual responses to specific epitopes and
the immunodominance of epitopes shared with other bacteria [6-8].
In a herd infected with M. bovis. a positive ELISA and tuberculin skin test result occurred in
only one animal out of three. It is interesting to note that a similar discordance in ELISA and skin test
results occurred among false positives in the blind sampling experiment. An inverse relationship between

cellular and humoral immune responses in human tuberculosis was postulated more than a decade ago [9]
and is supported by recent investigations [10]. The cellular response tends to be strongest in the early stage

of infection and decreases as the disease progresses. In fact, a complete cutaneous anergy is commonly
found in long-term or acutely disseminated tuberculosis. Antibodies, on the contrary, are not present in
healthy tuberculin positive individuals [11-13], but tend to appear most frequently in advanced, long-dated

or disseminated disease, when there is a heavy antigenic load [14]. Our results and those of Plackett et al..
[15] suggest that a similar balance would occur in bovine tuberculosis.
Anamnestic antibody responses elicited by tuberculin were described previously in tuberculous as
well as healthy cattle [16-19]. In the present study, transient anamnestic IgG antibody responses were
detected by the ELISA in all the experimentally infected cattle. Although a single PPD stimulus did not elicit

an increase in antibody levels in healthy controls, 2 out of 10 uninfected animals which received repeated
PPD doses did respond in an anamnestic-like manner. Admittedly, previous tuberculin tests performed on
the slaughtered animals included in our study could have biased our sensitivity figures. However, this is not
highly probable because systematic tuberculin skin testing in Argentina is carried out only in a few dairy

herds on a voluntary basis.
In contrast with recent observations [20-21], we obtained a fairly high specificity with the ELISA,
(about 95%), in non infected herds from tuberculosis-free and endemic areas. A similar figure (94.5% of

128 cattle) was found in animals with negative culture for mycobacteria and no visible lesions at necropsy

(Table II). Besides, atypical mycobacterial infections and paratuberculosis did not seem to be the cause of
false positive results. Lastly, significant fluctuations in antibody levels were detected only in a small
percentage of animals previously in contact with M. bovis. The discrepancies of our results with those of the
above-mentioned authors could be due to the higher specificity of the bovine PPD in ELISA as compared

with the cell sonicate used by them.
The low sensitivity of this ELISA excludes its use as a single diagnostic tool in bovine tuberculosis
eradication campaigns. However, although it did not identify all infected cattle, its high specificity and its
capacity to identify a high proportion (73.6%) of cattle with active tuberculosis make further studies worth

considering. There are grounds to hope that future field studies will indicate that this assay may be useful
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for the detection of bovine tuberculosis on a herd basis. This would make ELISA a valuable tool for

epidemiological surveillance.
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Abstract
A SEROLOGICAL SURVEY USING ELISA FOR Babesia bovis INFECTION OF CATTLE IN TURKEY.

A total of 1428 serum samples collected from cattle in six different regions of Turkey during 1986
to 1989 were screened for antibodies against Babesia bovis. A recombinant DNA B. bovis - derived antigen
was used in an indirect ELISA. The results indicated the presence of B. bovis antibodies in 51.2 % of the
cattle.

1.

INTRODUCTION
Throughout Turkey, babesiosis is a serious problem with the vector Boophilus microplus being

present in most areas. Previous reports on the prevalence of Babesia in cattle were based upon findings on
Giemsa stained blood smears [1, 2]. Giemsa staining for the diagnosis of babesiosis is fairly inaccurate for

the determination of low-grade infections. In recent years the Enzyme Linked Immunosorbent Assay

(ELISA) has been extensively used for the diagnosis of parasitic diseases [3, 4, 5]. The purpose of this study
was to conduct a sérologie survey for bovine babesiosis in Turkey using an indirect ELISA.
2.

MATERIALS AND METHODS

2.1.

Antigen

A highly purified recombinant DNA. B. bovis - derived antigen was obtained from CSIRO, Australia
and used in the indirect ELISA. For a description of the preparation of the antigen see Gale et al. 1990 [6].
22.

Sera
Twenty positive and 20 negative reference bovine sera were obtained from CSIRO Australia. For

the survey, 1428 serum samples from cattle were collected from diverse geographical regions in Turkey. The
sera were stored at -20 °C until used.
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TABLE I. NUMBER OF SAMPLES POSITIVE FOR THE PRESENCE OF ANTIBODIES
TO B. BOVIS FROM VARIOUS REGIONS IN TURKEY

Number of Samples

% Positive

Marmara

416

44.4

Central

309

61.4

Eastern

246

30.4

Aegean

148

58.7

Southern

150

58.0

Northern

159

67.9

Total

1428

Overall 59.2%

Regions

23.

ELISA procedure
The ELISA used in this study was similar to that described by Waltishbuhl et al. [5]. Briefly,

flat-bottomed micro-ELISA plates (Dynatech M129B Denkerdark, Germany) were coated with antigen

diluted 1:400 using 200 fu per well. The antigen was diluted in sodium carbonate buffer (0.1 M - pH 9.6).
The plates were sealed and incubated overnight at 4° C. After incubation, the antigen solution was removed
and 250 pi of a blocking solution consisting of 0.5 % gelatine in carbonate buffer was added to each well.
After 1 hour incubation at room temperature the solution was removed. The plates were then washed three
times with PBS buffer containing 0.1 % Tween 20 and twice with only PBS buffer. Then, 200 {A of the test
sera diluted 1:400 in PBS Tween buffer were added. The plates were sealed and incubated overnight at

4° C. After further washings as described above, 200 n\ of goat antibovine H+L chain IgG - horse radish
peroxidase conjugated (Kirkegaard and Perry Lab. Inc. Maryland, USA) diluted 1: 1000 in PBS Tween 20
was added to each well and the plates incubated for 1 hour at 37 °C. Plates were then washed five times with
washing buffer and 200 jul of a substrate (5-aminosalicylic acid) solution containing 0.15 % hydrogen
peroxidase was added and the plates rotated for 30 min. at room temperature. The reaction was immediately

read at 492 nm in a Titertek Multiskan spectrophotometer using a 492 nm filter and column 1 as a blank.

2.4.

Data analyses
The 20 Australian reference negative sera were tested by ELISA and the cut-off point was calculated

as the mean optical density values of these sera tested 20 times plus two standard deviations.

3.

RESULTS AND DISCUSSION
The optimum antigen and serum concentrations were initially determined by checkboard titrations.

The optimum dilution for the antigen was 1:1000 and for the sera 1:400 The results of ELISA on 1428
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cattle sera collected from six geographical regions, indicated the presence of antibodies against B.bovis in
51.2 % of the serum samples. (Table I).
There are a number of studies on the epidemiology of babesiosis in Turkey. The prevalence of
bovine babesiosis in Istanbul and its surroundings based on blood smears obtained from cattle with at least
one symptom of the disease was found to be 34.8 % [2]. Another study [1] carried out in the Black Sea
Region of Turkey based on the microscopic examination of blood smears, revealed the presence of B. bovis
in 3.7 % of the cattle. The results obtained in this study using ELISA, indicate that bovine babesiosis is

widespread throughout the country and occurs commonly in both temperate sea level zones as well as the
colder zones of Central Anatolia. (Table I).
This survey is far from complete and further studies are in progress to determine the sensitivity and
specificity of this ELISA by comparing the results with those obtained by conventional techniques.
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Abstract
THE USE OF ELISA FOR THE DIAGNOSIS OF Babesia bovis IN CATTLE IN MEXICO.

The ELISA kit provided by the FAO/IAEA for the diagnosis of Babesia bovis was used for a survey
on 1330 bovine sera from 25 herds collected in the States of Morelos (n = 384) and Veracruz (n=936) in the

southern part of Mexico. Serum sampling was carried out from May 1989 to June 1990. The results indicate

an overall prevalence of 63% corresponding to a prevalence of 52% for the State of Morelos and 67% for
the State of Veracruz. The inoculation rates for these 25 herds indicated that an enzootic stability existed.
Herds with different prevalence rates (85% and 56%) had similar inoculation rates and herds with
similar prevalence rates of 75% had different inoculation rates 0.003 and 0.0017 respectively. The prevalence
rates obtained in this study were similar to other surveys in Mexico using the IF test.

1.

INTRODUCTION
Bovine babesiosis is an important enzootic disease in tropical and subtropical countries because of

its great economic impact. Protozoal diseases represent a major cause of bovine morbidity and occasionally

mortality in the developing world [1] and considerable effort has been devoted to the development and
implementation of strategies for disease control. These include vaccine development, identification of new

chemotherapeutic agents, and control of the vector species involved.
In developing control strategies it is essential initially to obtain baseline data before the control
programme is introduced, and then to constantly monitor the programme to assess its efficacy. Clinical

management depends upon timely diagnosis and a targeted treatment programme which restricts overall
distribution thereby limiting the rate at which drug resistant parasite strains will occur.
Meeting these requirements depends upon the availability of a simple, sensitive and inexpensive

diagnostic procedure. The enzyme-linked immunosorbent assay (ELISA) has been shown to be a test which
meets these requirements and has been used extensively in the diagnosis of several parasitic diseases [2-4].
Until now only one large-scale serological survey of bovine babesiosis has been done in Mexico [5],

This was conducted using the indirect fluorescent test which has been shown to have similar sensitivity as
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ELISA but is time consuming. In this study we report the results of a serological survey using the ELISA
test for B. bovis antibody in cattle in central and southern Mexico.

2.

MATERIALS AND METHODS

2.1.

Animals and sera
Serum sampling was carried out from May 1989 to June 1990 in the states of Morelos in the central

part (n=384) and Veracruz in the southern part of the country (n=936). The ranches to be tested were
chosen at random through contacts made by the senior author. The total number of animals selected

(n=1320) was not related to the size of the herd. Blood samples were often taken while cattle were
assembled for other reasons, such as dipping or vaccination; at other times, the cattle were gathered
specifically for testing. Although an attempt was made to include cattle from various age groups, this was

often not possible. Information on age, breed and sex was recorded whenever possible. All animals were bled
from the jugular vein and the sera separated by centrifugation and stored at -20°C until used.
22.

ELISA procedure
The FAO/IAEA ELISA kit for the diagnosis of B. bovis was used. The protocol provided with the

kit was followed.

The test was carried out on flat-bottomed 96-well micro-ELISA plates

(Nunc-Immunoplate, Denmark). Briefly, the stock antigen was diluted 1/500 in carbonate-bicarbonate buffer
pH 9.6. Fifty microliters of diluted antigen were added to each well of a micro-ELISA plate and incubated
for 2 hours at 37°C. After incubation the antigen solution was removed and the plates were blocked with

100 ul of carbonate-bicarbonate buffer with 0.5% gelatin and incubated 1 hour at 37°C. After blocking, the
plates were washed three times in phosphate buffer saline (PBS) pH 7.2 containing 0.01% Tween 20. Test
sera (examined in duplicate) were diluted 1/100 and 50 ul were added to each well and incubated for 1 hour
at 37°C and then washed three times. A positive and negative local reference sera were included in each
plate. Rabbit anti-bovine IgG -HRP conjugate diluted 1:8000 in PBS-Tween 20 was then added and a
further incubation for 1 hour carried out at 37°C. The plates were again washed three times and the
substrate O-phenylenediamine (OPD) added. The reaction was stopped by adding 50 ul of 0.25M citric acid.
The absorbance values were determined using a micro-ELISA reader equipped with a 405nm filter.

To determine the serum titers, the mean value from the test sera in duplicate, was compared with the
absorbance values of the negative control sera. The cut-off value was taken as 2 standard deviations above
the mean negative control serum value.

23.

Analysis of the results
Prevalence rates (proportion positive) for B. bovis were calculated for all herds tested. The

inoculation rate (h) was calculated using the formula:

I = 1 - e"ht where I is the prevalence of antibody

reactors, t is the average age of the animals in days and e is the base of the natural logarithm [6]. The
inoculation rate represents the average number of infective tick bites per animal per day.
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TABLE I. HERD PREVALENCE RATE FOR ANTIBODY ACTIVITY FOR B. bovis

Tested

Percent
positive

Inoculation
rate

1

28

54

.004

2

68

41

.004

3

125

75

.003

4

45

78

.002

5

87

71

.0025

6

43

67

.0022

7

90

69

.0021

8

85

76

.0018

9

43

75

.0017

10

18

56

.0019

11

24

54

.0034

12

37

68

.0031

13

74

38

.0023

14

67

58

.0035

15

20

85

.0019

16

32

44

.0028

17

50

74

.0020

18

103

61

.0022

19

39

46

.0024

20

84

64

.0018

21

35

46

.0025

22

47

30

.0024

23

34

24

.0035

24

29

69

.0021

25

23

70

.0032

Ranch

3.

Animal

RESULTS

A total of 1320 bovine sera from 25 herds were tested for the presence of B. bovis antibodies; the
overall prevalence was 63%. From Morelos 384 sera were tested and from Veracruz 936 sera, with a

prevalence of 52% and 67% respectively.
Table I shows the 25 herds, the number of animals tested, the proportions reacting positively to the
ELISA for B. bovis antibody, and the inoculation rate (h) per ranch. All the ranches showed epidemiologic
stability (h < 0.005). Prevalence rates ranged from 24 to 85%, with an average herd prevalence rate of 60%.
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Fig. 1. Prevalence of antibody to B. bovis against age of cattle (o ) indicates number of animals in each age
group.

Age-dependent prevalence rates for B. bovis are shown in Fig. 1. It seems that prevalence increased
with the age. A scatter plot of prevalence versus h for herds with age data is presented in Fig. 2; there are

substantial variations in h at similar prevalence rates.

4.

DISCUSSION
The sera tested in this study, although collected from a large area, were not necessarily

representative of the total population of the study area.

Ranches with comparatively high levels of

production and disease control methods were more likely to have contact with the veterinary practitioners,
therefore more likely to be included in the survey. Most of the ranches sampled in the Veracruz state had
improved pasture, and the higher stocking densities and more suitable microclimate may have favored tick

survival [7]. In contrast though, these ranchers also tend to dip their cattle with greater regularity than

others in the area thereby reducing the tick populations. These results however, do give some indication of
the effect of the general management practices in the ranches of Veracruz and Morelos on the prevalence

of the disease.
The prevalence and inoculation rates obtained do not indicate when exposure to B. bovis occurred.
Also, since herds were not homogenous with regard to age, it is not valid to compare prevalence rates from

different ranches and localities in considering levels of disease transmission. A herd composed of young
animals compared with one containing old animals, both having similar prevalence rates, would in reality
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Fig. 2. Scatter plot of inoculation versus prevalence rates for B. bovis.

have different inoculation rates as shown in Fig. 2, where prevalences were plotted against the inoculation

rates h. For example herds with prevalence rates of 85% and 56% had similar inoculation rate; and herds
with a similar prevalence rate of 75% had different inoculation rates (.003 and .0017 respectively).
Prevalence rates are relevant when considering overall herd immunity, but when epidemiological
studies on babesiosis are concerned with focusing on current or recent disease events, inoculation rates would
be more informative. The inoculation rate gives an indication of enzootic stability on each ranch [6]. When

h < 0.005, a significant number of animals will not have been infected before the critical age of
approximately 9 months, prior to which infection is usually mild or inapparent [8]. The prevalence rate for
all animals tested when compared with age indicated that calves < 1 year old had on average a much lower
prevalence rate than adults. This is to be expected since young animals usually are less exposed to tick

infestation. Indeed the true prevalence in calves may be even lower since antibodies of young animals which
reacted in the ELISA may have been derived from colostrum and not from exposure [9].

The prevalence rates obtained in this study were compared with others carried out in Mexico [5,10]
using the IF test for screening and were found to be similar. This indicates that the ELISA test will be very
useful in screening programmes of bovine babesiosis where large number of samples are being processed.
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Abstract
EVALUATION OF AN INDIRECT ELISA FOR THE DIAGNOSIS OF Babesia bovis IN URUGUAY.

In initially establishing the FAO/IAEA indirect ELISA for the detection of antibodies to Babesia
bovis. the optical density (OD) values of sera from known positive or negative local cattle were compared

to the OD values obtained from the negative and positive reference sera provided with the ELISA kit. The
percentage of false positive and negative sera were 2.53% and 2.97% respectively. The cut-off values for the

negative reference serum hi the kit were compared with those of a local negative population. These values
were found to be similar. The specificity of the test was evaluated by testing 30 sera from animals
experimentally infected with Anaplasma marginale and 30 sera from animals infected with Babesia bigemina.
There were no cross-reactions either between A. marginale and B. bovis or between B. bigemina and B.
bovis. A serological survey using this ELISA kit was carried out on animals from an enzootic area and an
area free from the vector Boophilus microplus. 53 out of 282 animals (18.8%) in the enzootic area were
positive whilst all the animals (113) from the free area were negative. This study would indicate that the

FAO/IAEA ELISA kit has a sensitivity of around 98% and specificity of 97%.

1.

INTRODUCTION
Uruguay is situated between latitude 30° and 35° south and thus located in a marginal zone for the

development of B. microplus, the vector of B. bovis. Under these circumstances, the Ministry of Livestock
Agriculture and Fisheries consider it possible to eradicate the disease from that area south of the Negro
River (32° south latitude) by elimination of the vector and to control it in the northern part [1, 2]. Once the
southern part of the country is free of B. microplus, reinfection can be prevented since the Negro River will

act as a natural barrier and through the introduction of animal movement controls. The eradication
campaign of B. microplus in the southern part of the country is now in progress.

The most important haemoparasites in Uruguay are: B. bovis. B. bigemina and A. marginale [3, 4].
Babesiosis and anaplasmosis are enzootic throughout Uruguay and cause enormous losses to the livestock
sector. In a previous study using the immunofluorescence (IF) test, the prevalence of these infections was

determined on 308 animals and it was found that 80% were infected with B. bovis when compared to JB.

bigemina and 60% were infected with Babesia spp. when compared to A. marginale. The geographic
distribution of the disease is similar throughout the country and these observations have been confirmed

yearly since 1980 [5, 6].
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Prevalence studies performed in several areas have shown unstable enzootic conditions for B. bovis
and A. marginale, and stable enzootic conditions for B. bigemina and A. marginale, according to the
characteristics of each area [6]. The implementation of a tick control programme against B. microplus may

create unstable enzootic condition giving rise to an increase in mortaility and as a consequence a loss of
confidence in the campaign. It is therefore necessary to investigate the real prevalence of each parasite in
this disease complex using reliable diagnostic methods.

In our laboratory the routine diagnosis of B. bovis and B. bigemina is carried out by the

immunofluorescence technique (IF) whilst the card test (CT) is used for the diagnosis of Anaplasma spp.
[6, 7].

A more specific and faster technique suitable for eradication campaigns is needed. Thus an

evaluation of the ELISA kit for the diagnosis of B. bovis supplied by PAO/IAEA was carried out in this

study.
2.

MATERIALS AND METHODS

2.1.

Animals and sera

2.1.1.

Test sera
Negative test sera for evaluating the ELISA kit were obtained from 79 animals in a B. microplus

free area and confirmed negative by the immunofluorescence (IF) technique. Positive sera were produced
by intravenous inoculation of B. bovis into 102 seronegative animals. These animals were bled four weeks

later and tested by IF.

2.1.2.

Reference sera
Positive and negative reference sera were supplied with the FAO/IAEA ELISA kit for the detection

of antibodies against B. bovis. The cut-off values of these sera were established by reading the mean OD
values at 492 nm over 30 series of tests. The cut-off value was calculated as twice the mean OD of the
negative reference serum.

2.1.3.

Animals from enzootic and non-infected zones
Two hundred and eighty two animals from 19 farms in a B. microplus enzootic zone in nothern

Uruguay (Rivera Department) and 113 animals from 6 farms in a B. microplus free zone in southern
Uruguay (Flores Department) were bled and serum samples collected and tested by ELISA for the presence
of antibodies against B. bovis.

2.1.4.

Indirect ELISA
The indirect ELISA kit was provided by the Joint FAO/IAEA Division, Vienna, Austria. The kit

consisted of an extract of B. bovis infected erythrocytes as antigen, control sera, diluting, coating and blocking
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buffers, washing solutions, conjugate, substrate and chromogen as described in the FAO/IAEA ELISA kit
protocol [8].

The indirect ELISA was carried out according to the procedure described in the ELISA kit manual.
Briefly the B. bovis antigen diluted 1:600 was coated to the polystyrene ELISA plates using 50 /d per well
and incubated at 4°C overnight. The plates were then washed once with washing solution and 100 [A of a
second coating solution (5% skimmed milk powder in coating buffer) was added to each well and incubated
for 1 hour at 37°C. The test, reference positive and negative sera diluted 1:100 were added to the antigen
coated wells in duplicate. The plates were covered with a sealing tape, incubated for 1 hour at 37°C and
then, after four washes, rabbit anti-bovine IgG conjugated to horseradish peroxidase was used to detect the
specific bound antibody. A substrate-chromogen solution was added and after an appropriate time, the
reaction was stopped. The color which developed during the reaction was determined using a micro plate

ELISA reader. Suitable washing procedures to remove unbound reagents were carried out at each step.
2.1.5.

Specificity of ELISA

Sera from two groups of 30 animals, one group experimentally infected with B. bigemina and the
other group infected with A. marginale were tested by ELISA. The positivity of the sera was confirmed by

IF and CT respectively. The results were compared with those obtained with the positive and negative
reference sera to B. bovis supplied with the FAO/IAEA kit.

2.1.6.

Immunofluorescence (IF) test and card test (CT)
These tests were performed as described by Johnston et al. [6] and Amerault and Roby [7].

3.

RESULTS

3.1.

Specificity of ELISA

All sera from animals experimentally infected with either A. marginale or with B. bigemina were
negative for B. bovis in ELISA. The results of all three serological tests are shown in Table I.
32.

Evaluation of an indirect ELISA kit for the diagnosis of B. bovis

The OD values at 492 nm for the positive and negative reference sera established in 30 series of
tests are shown in Fig. 1. The differences among triplicates of negative serum for each plate were significant
(P < 0.02) but, when comparing plates, the OD values did not present greater differences.

The OD mean for the negative reference serum was 0.146 absorbance units with a standard
deviation (SD) of 0.019. The cut-off value was therefore established as 0.292 absorbance units.

The results obtained with the positive reference serum was the inverse, with low standard deviations
between triplicates and high differences among different plates.
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TABLE I. SPECIFICITY ASSAY. SERA FROM ANIMALS EXPERIMENTALLY

INFECTED WITH B. BIGEMINA AND WITH A. MARGINALE WERE
TESTED BY ELISA KIT

Infected cattle

C.T.*

A. marginale

30(+) -

B. bigemina

-

IFA**

ELISA*"*

30( + )

30(+) 30(-)

*

C. T.:

Card Test

**

IFA: Indirect Fluorescent Antobody Test

***

ELISA: Enzyme Linked Immunosorbent Assay
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A
A

A

A

A

A

A

A
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Fig. 1. ELISA results from positive and negative reference sera.

33.

Comparison between the positive and negative local sera and the reference sera

The ELISA clearly differentiated between the positive and negative cattle populations. As shown
in Fig. 2, the normal distribution curves obtained for each population only slightly overlapped, thus indicating
a high sensitivity. Only 2.53% of the sera were considered as false positives and 2.97% as false negatives.
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Fig. 2. Normal distribution curves for positive and negative populations.

3.4.

Serological survey in animals from an enzootic and disease free zone

A total of 282 animals from the northern part of the country which is considered an enzootic area
for B. microplus were tested by the FAO/IAEA ELISA kit. The results (Table II) indicated that 53 animals
(18.8%) belonging to 17 out of 19 farms were positive. All 113 animals from the southern part of the
country, where only sporadic cases of B. microplus occur, were negative.
4.

DISCUSSION

The OD values obtained for the reference sera supplied with the FAO/IAEA ELISA kit for the
diagnosis of B. bovis indicate that both positive and negative sera were clearly differentiated although they
showed significant variability in plate to plate absorbance values. This presented difficulties in standardising
the results between different plates and gave rise to variations in binding ratios from plate to plate. Several
workers have suggested that the blocking agents which are commonly used may affect the solubility and

adherence of the antigen to the plate, and thus be responsible for this variability from plate to plate.
Normal distribution curves for both the local negative and the kit reference negative populations
were calculated and the OD mean plus two standard deviations, as a cut-off, was established. The cut-off

values obtained were similar in both cases. The normal distribution curves of the local positive and negative
populations showed a slight overlapping indicating a high level of sensitivity and specificity and a clear ability
of this test to separate positive from negative samples.
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TABLE II. STUDY OF SERA FOR ANTIBODIES TO B. BOWS FROM
ANIMALS COMING FROM THE ENZOOTIC AND FREE ZONES

Zone (area)

Sera

Farms
Total

Positive

Total

Positive

%

North (Rivera)

19

17

282

53

18.8

South (Flores)

6

0

113

0

0.0

None of the sera from B. bigemina experimentally infected animals were positive to B. bovis:
likewise, none of the sera from A. marginale experimentally infected animals were positive. This suggests

that this ELISA kit is specific for B. bovis. and no cross-reactions occur with closely related pathogens.
Preliminary results obtained in the northern part of the country indicate a high incidence of B. bovis (90%

of the farms examined). The existence of 6 farms (35%) with more than 25% of positive sera would indicate
unstable enzootic conditions in this area with a high risk of serious losses due to babesiosis. In contrast, no
positive animals were detected in the southern region, indicating that the risk of disease here is minimal and
that further studies in this region are not warranted.

The use of the FAO/IAEA ELISA kit has been effective for the diagnosis of B. bovis infection.
However, the problem still exists of how to examine large numbers of samples of B. bigemina. To solve this,
it could be possible to diagnose B. bigemina by IF test in selected serum samples from farms positive in
ELISA to B. bovis. One solution might be to examine sera for B. bovis. Thus, farms showing animals
positive for this parasite would then be tested by IF for the presence of B. bigemina. In the longer term
however, there is a clear need for similar ELISA systems for the detection of antibodies to Babesia bigemina

and Anaplasma marginale.
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CONCLUSIONS AND RECOMMENDATIONS
1.

This FAO/IAEA Co-ordinated Research Programme (CRP) and the various training activities

associated with it was concerned with introducing ELISA and DNA probe technology into national
animal disease research institutes, primarily in Latin America and Asia. In the most part, this was

attempted using standardized FAO/IAEA-developed systems and protocols, and the aim was to validate
these systems against currently used diagnostic methods. In the majority of cases, the clear advantage of
ELISA or DNA methodologies over existing methods was clearly demonstrated.

Recommendation: The introduction and use of ELISA and, where appropriate, DNA probe
technology, should be continued for the diagnosis and control of animal disease in Latin America and

Asia.
2.

The approach of providing standardized reagents and a standardized protocol for the conduct of

assays offered several advantages, particularly with respect to assay validation, inter-laboratory
comparison of results, trouble-shooting and assessment of the reliability of reagents.
Recommendation: The further development and routine use of fully standardized and validated
FAO/IAEA ELISA kits against the major epizootics should be further encouraged and supported.

3.

Under this programme, studies were carried out on a number of diseases considered to be of

substantial economic and social importance to the regions concerned, including brucellosis and
tuberculosis; babesiosis; pseudorabies in pigs and leukosis, bluetongue and chlamydia infections in
ruminant animals. Due to the rather large number of diseases examined, the number of institutes
working on any one disease was limited - in some cases to a single institute.
Recommendation: Future research activities should concentrate on a limited number of diseases

(i.e. three to four) to ensure that sufficient comparative data is obtained on any one disease.

4.

Despite this reservation, sufficient data were produced on the diseases studied to enable

meaningful comparisons to be made with other diagnostic methodologies and hence to ensure validation
of the ELISA or hybridization systems. Although a number of pilot studies were carried out, the next

steps, i.e. conducting national surveys and developing control or eradication campaigns based on this
information, were not undertaken as part of this CRP.
Recommendation: In the case of the diseases covered by this programme, future CRPs should be
concerned with the use of existing FAO/IAEA ELISA kits to carry out epidemiological studies and

monitor control or eradication programmes. For such diseases little further development work on the
ELISA itself is necessary.
5.

This CRP highlighted the difficulties that can be encountered both in introducing and

maintaining an ELISA system. Nevertheless, it is clear that a standardized approach to the diagnosis and

control of a particular disease is possible and will enable several countries in the region to undertake cooperative programmes. This will, however, require assurance to all concerned that ELISA results from
individual laboratories participating in such programmes are reliable and comparable.
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Recommendation: An external quality control programme should be developed for use with the

FAO/IAEA ELISA kits against the major epizootics (foot and mouth disease, brucellosis, babesiosis).
Linked with this should be technical backstopping to identify and remedy problems when encountered.
Whenever possible, regional experts should be used to assist this quality assurance programme.

6.

Under this CRP the necessary equipment and training to carry out the ELISA was introduced to

many national research institutes. This process has now been augmented by a considerable enlargement
of the IAEA's Technical Co-operation Programme in animal disease diagnosis in Latin America and
Asia. To sustain these activities will however require a continued supply of inexpensive but crucial

ELISA reagents and disposables (ELISA plates, pipette tips).
Recommendation: Mechanisms should be maintained and where necessary developed to ensure
the long term supply of crucial reagents for use in the ELISA. For the majority of diseases, laboratories

should be encouraged to use standardized and validated kits. Support should not be provided for
individual laboratories in the region to develop their own kits.

7.

Regular meetings throughout the course of this CRP were highly successful in identifying and

solving common problems relating to the introduction and use of ELISA and DNA probe technology.
They also gave an opportunity for scientists from different countries to exchange ideas and in the long-

term to develop control programmes for the regions based on a pooling of resources. It was strongly felt

at these meetings that a continuation of this type of activity was a key element in developing
sustainability.

Recommendation: To ensure continuation of a regional approach to animal disease diagnosis
and control it is essential to convene regular meetings of scientists involved whether under the auspices

of FAO/IAEA Research Co-ordination Meetings or through the development of some other regionallyfunded mechanism.
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