Rev. sci. tech. Off. int. Epiz., 2014, 33 (3), ... - ..

Effect of incubation temperature on the
diagnostic sensitivity of the glanders
complement fixation test
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Summary

The complement fixation test (CFT) is the only serological test prescribed
by the World Organisation for Animal Health (OIE) for the diagnosis of
glanders in international trading of equids. However, false-positive
reactions have caused financial losses to the animal owners in the past,

and false-negative tests have resulted in the introduction of glanders into
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healthy equine populations in previously glanders-free areas. Both warm
(incubation at 37°C for 1 h) and cold (overnight incubation at 4°C)
procedures are recommended by the OIE for serodiagnosis of glanders. In
a comparison of the sensitivity and specificity of the two techniques,
using the United States Department of Agriculture antigen, warm CFT
was found to be significantly less sensitive (56.8%; p < 0.0005) than the
cold CFT (83.6%). Cold CFT thus increases the detection rate of glanders
but a lower diagnostic specificity has to be accepted. The immunoblot

was used as the gold standard.
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Introduction

Glanders is a zoonotic disease of solipeds and is caused by the Gram-
negative pathogen Burkholderia mallei. The disease is notifiable to the
World Organisation for Animal Health (OIE) (1, 2). Glanders manifests
as nodules on the skin (farcy) and on the mucous membranes of the upper
respiratory tract. It can also cause high mortality (95%) in untreated
humans and is still endemic in many countries, including Turkey, Iraq,
Iran, India, Pakistan, Mongolia, the People’s Republic of China and
Brazil. Outbreaks have also been reported in the United Arab Emirates,
Lebanon, Bahrain, Kuwait and Afghanistan (3, 4, 5,6, 7, 8,9, 10, 11, 12).

Although several conventional serological tests are currently used for
diagnosis of glanders, the complement fixation test (CFT), because of its
ability to detect chronic carrier animals, is the only serological test
recommended by the OIE for use in the international transport of equids
(13, 14, 15, 16, 17). However, false-positive CFT results can cause large-
scale economic losses to animal owners and undue transboundary
restrictions on valuable animals. False-negative or equivocal results, on

the other hand, can occur in tests on old, debilitated or pregnant animals
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and also in well-kept clinically healthy carriers (1, 16). Improved
serodiagnostic tests with higher diagnostic specificity and sensitivity are
therefore regularly called for (18). Both warm and cold CFT procedures
are described in the OIE Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals (Terrestrial Manual) (18). According to the OIE
(2008), the temperature and duration of incubation can interfere with the
analytical performance of an assay (19). Nevertheless, as the glanders
CFT is a widely used and cheap test, the effect of incubation temperature
does not attract sufficient attention. No literature on the effect of
temperature on the glanders CFT is available, although there is some old
literature on the Wassermann reaction (CFT) for diagnosis of syphilis. In
1909, Satta and Donati were the first to address this subject and to publish

their observations (20).

In the present study, the warm and cold CFT procedures were compared
and the recently evaluated immunoblot was used as the gold standard
(21). The immunoblot is the most specific and sensitive test and can also
be used to test sera that show anti-complementary activity in CFT (21,
22).

Materials and methods
Origin of serum samples

The 342 equid sera included in this study were divided into two groups.
In group I, 196 sera were randomly collected (Mersenne Twister
software, SPSS Inc., Chicago, USA) from among 2,282 horse and donkey
sera in Germany. These sera were declared true negative because glanders
was eradicated in Germany more than 50 years ago and the sera were

immunoblot negative (21, 23).

To compare the sensitivity of warm and cold CFT procedures, a set of
146 true-positive sera were selected (group II). This group included 123
samples from Brazil (Pernambuco) and Pakistan (Punjab) that were

collected during glanders outbreaks between 2007 and 2009 from
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microbiologically or clinically (mallein test) positive glanderous animals.
The Pakistani sera were collected from clinically positive and culture-
positive equids during two separate outbreaks of glanders among police
horses (Faisalabad Metropolis), polo ponies (Lahore Polo Club, Lahore),
animals on private farms (Sargodha district) and draught equines
(Faisalabad City). The samples from Brazil were collected from clinically
positive glanderous animals in different endemic areas of Pernambuco
state (National Animal and Plant Laboratory, Ministry of Agriculture,
Livestock and Food Supply, Recife, Brazil). In addition, 25 sera from
B. mallei-immunised horses were collected (21): of these, 23 sera tested
positive in immunoblot and were included in group II; the remaining two
sera were immunoblot negative and were excluded from the study (21,
23). The animal experiment was authorised by the government of

Thuringia, Germany (registration no. 04-105/07).

Complement fixation test procedures

All serum samples were tested using the CFT method according to the
OIE Terrestrial Manual (18). To minimise the inherent errors of the CFT,
a commercially available CFT antigen (United States Department of
Agriculture, Ames, lowa, USA) (18) and a ready-to-use complement and
haemolytic system (Institut Virion/Serion GmbH, Wiirzburg, Germany)

were used (19).

The detailed procedure was as follows. Sera were diluted 1/5 in veronal-
buffered saline containing 0.1% gelatin and inactivated in a water bath for
30 min at 58°C for horse sera and 63°C for sera from mules, donkeys and
non-equids. The inactivated test sera were mixed well on a shaker before
pipetting into 96-well round-bottomed microtitre plates. Two-fold
dilutions of the sera were then prepared. First, 25 ul of veronal buffer was
added to all rows except the second row, then 25 pl of diluted inactivated
test serum was pipetted into the first, second and third rows. Two-fold
serial dilutions were made, starting from the third row until the end, and

discarding the final 25 pl from the last row. Antigen (25 pl) at a working
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dilution was then added to all rows except the first. Lastly, 25 ul of
complement, diluted to the number of units required, was added to each
well. Negative control wells containing diluent only, complement/diluent,
or complement/diluent/antigen were prepared (75 ul in each well).
Positive and negative serum control wells were also prepared. Plates were
shaken for 60 s on a shaker before incubation. For cold CFT, plates were
covered and incubated at 4°C for 16 to 20 h; for warm CFT, plates were
incubated at 37°C for 1 h only.

In a second step, the haemolytic system was prepared by careful mixing
of amboceptor at the working dilution 1:1 with 1% erythrocyte
suspension, followed by incubation for 30 min in a 37°C water bath. The
plates from the first day were also pre-warmed for 30 min in a 37°C
incubator to ensure that the haemolytic system and plates were at the
same temperature. Freshly prepared haemolytic system (50 pl) was added
to each well and shaken carefully. Plates were moist-incubated at 37°C
for 15 to 30 min.

Incubation was stopped when the complement control wells with 2 and
1 units showed complete haemolysis. Plates were centrifuged for 5 min at
670 g. The absence of anti-complementary activity was checked for each
serum in the first row. The first row was regarded as a serum control (no
antigen). Sera were considered negative when 100% haemolysis occurred
at 1:5 dilution, 25% to 75% haemolysis was considered equivocal and
absence of haemolysis was considered to indicate a positive serum (18).
CFT titres were defined as the step at which the serum dilution showed

inhibition of haemolysis.

Statistical analysis

The diagnostic specificity and sensitivity of the warm and cold CFT
procedures were calculated using standard formulae (24) and software R.
The McNemar test was used for comparison of the two CFT procedures

and the Wilcoxon test for comparison of the CFT titres (Predictive
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Analyse Software version 17.0 SPSS). Confidence intervals (CI) were

calculated.
Results

A total of 342 equid sera were evaluated in warm and cold CFTs
(Table I). In group I (true negatives; 196 sera), all sera (100%) were
negative in the warm CFT; in the cold CFT 192 sera (97.95%) tested

negative and four (2.04%) were positive.

In group II (146 sera), 74 sera (50.68%) tested positive, nine sera (6.16%)
were equivocal and 63 (43.15%) were negative in the warm CFT. In the
cold CFT, 117 (80.13%) tested positive, five (3.42%) were equivocal and
24 (16.44%) were negative (Table I). In further calculations the equivocal
samples were considered positive. Weekly samples collected from an
immunised horse up to six weeks after the application of mallein tested
negative in the warm CFT but positive in the cold test (Fig. 1). In the
group of immunised horse sera, differences in cold CFT titres between 12
and 13 days post-immunisation showed a difference of only one two-fold
dilution step. Most group II sera that tested positive in the warm CFT
showed significantly higher (one- to two-fold) antibody titres in the cold
test (p < 0.0005).

Overall, in group I the warm CFT showed 100% specificity (CI 0.98; 1)
and the cold CFT, 97.95% (CI 0.95; 0.99) specificity. In group II, the
warm CFT showed 56.8% sensitivity (CI 0.48; 0.65) and the cold CFT,
83.6% sensitivity (CI 0.76; 0.89), which was significantly higher
(p < 0.0005).

Discussion

Both temperature and duration of the primary incubation of the test serum
have an important effect on the performance of the CFT. This effect was
first demonstrated more than 90 years ago in the Wassermann reaction, a
CFT for syphilis diagnosis. In most syphilitic sera, primary incubation for

18 h at 2°C to 10°C resulted in a more efficient and sensitive complement
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fixation reaction than water-bath or incubator incubation at 38°C for 1 h
(25). It was later experimentally proven that more complement is
gradually fixed at 0°C than at 37°C. This finding is based on the
assumption that the process depends on the formation of an antigen-
antibody-complement complex that creates a triple adsorption compound.
The smaller particles in the cold mixture present a larger surface for

adsorption and therefore the amount of fixed complement increases (20).

While working on brucellosis, Ris demonstrated in 1974 that diagnostic
sensitivity in the tube CFT could be increased by incubation at 4°C for
16 h. In a preliminary study, Ris also found that animals that shed
brucellosis organisms in their semen tested negative in the warm CFT but
positive in the cold test (26). Burgess and Norris (27), also working on
brucellosis, were able to demonstrate that the cold CFT was more
sensitive than the warm test. On examining 11,922 sera for brucellosis,
they observed that 187 (1.57%) were positive in the cold CFT but only 38

(0.32%) were positive in the warm test.

In the present paper, overnight (16 h to 20 h) incubation at 4°C was used
to achieve maximum fixation of complement and the results are in line
with other findings indicating that cold CFT is indeed more sensitive
(83.6%) than the warm test (56.8%) in the diagnosis of glanders. The
differences observed between the two tests in terms of antibody titres of
positive sera are also in agreement with the findings of Ris (26) (Fig. 1).
Most of the sera that were positive in both CFTs showed one- to two-fold
higher antibody titres in the cold test. Moreover, four immunoblot-
positive samples collected from a horse after malleinisation tested
negative in the warm CFT but positive in the cold test. This observation
was also made by Burgess and Norris (27), who found that cold CFT
detected brucellosis antibodies in experimentally infected animals up to
one week earlier than the warm CFT. Similarly, Ris (26) found that sera
with titres between 1:10 and 1:20 in the cold CFT had no measurable
titres in the warm test. He concluded that in ovine brucellosis an

estimated 1.6% of sera tested false positive with cold CFT.
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In the present study, among the 196 true-negative sera in group I, no
serum sample tested false positive in the warm CFT; however, in the cold
CFT four (2%) sera tested false positive. One possible reason for the
slightly increased percentage of false-positive results in the cold CFT
might be cross-reactivity with other Gram-negative bacteria, such as
Burkholderia cepacia and Pseudomonas spp. (28, 29, 30).

Conclusion

The CFT has the advantage of being cheap and easy to handle, and this
should be borne in mind as current budget cuts in veterinary public health
are a concern not only for developing countries. However, further
investigation should focus on the production of better quality antigens for
use in the test. The cold CFT, with its greater diagnostic sensitivity, is
recommended for surveillance and screening programmes; nevertheless,
its use depends on the epidemic situation of a country and on the
availability of laboratory capacity for identification of the higher number
of expected false positives. For import and export testing, the CFT should
be supported with use of the highly specific immunoblot in order to avoid

inconvenience for private owners and public veterinary health authorities.
Acknowledgements

LK. is indebted to the Islamic Development Bank, Kingdom of Saudi
Arabia, for granting a foreign PhD merit scholarship. [.K. is also grateful
to the Friedrich Loeftler Institute in Germany for providing the diagnostic
facilities to complete this study. All the authors thank Dr Lisa Sprague for
critical reading of the manuscript and Dr Roland Diller for statistical

support.
References

1. Neubauer H., Sprague L.D., Zachariah R., Tomaso H., Al Dahouk
S., Wernery R., Wernery U. & Scholz H.C. (2005). — Serodiagnosis of
Burkholderia mallei infections in horses: state-of-the-art and perspectives.
J. vet. Med. B, 52 (5), 201-205.

No. 17062014-00035-EN 8



Rev. sci. tech. Off. int. Epiz., 2014, 33 (3), ... - ..

2. Whitlock G.C., Estes D.M. & Torres A.G. (2007). — Glanders: off
to the races with Burkholderia mallei. FEMS Microbiol. Lett., 277 (2),
115-122.

3. Al-Ani F.K., Al-Rawashdeh O.F., Ali A.H. & Hassan F.K. (1998).
— Glanders in horses: clinical, biochemical and serological studies in Iragq.
Vet. Arhiv., 68 (5), 155-162.

4. Arun S., Neubauer H., Gurel A., Ayyidiz G., Kuscu B., Yesidere
T., Meyer H. & Hermanns W. (1999). — Equine glanders in Turkey. Vet.
Rec., 144 (10), 255-258.

5. Bazargani T.T., Tadjbakhs H., Badii A. & Zahraei T. (1996). —
The outbreak of glanders in some racehorses in three states of Iran. J.
equine vet. Sci., 16 (6), 232-236.

6. Hornstra H., Pearson T., Georgia S., Liguori A., Dale J., Price E.,
O’Neill M., Deshazer D., Muhammad G., Saqib M., Naureen A. & Keim
P. (2009). — Molecular epidemiology of glanders, Pakistan. Emerg. infect.
Dis., 15 (12), 2036-2039.

7. Ma C.L., Fan S.M., Wang X., Jiang L. & Fang S.Q. (1986). —
Diagnosis of glanders in horses by the indirect fluorescent antibody (IFA)
technique. Chin. J. vet. Sci. Technol., 9, 3-5.

8. Malik P., Khurana S.K., Singh B.K. & Dwivedi S.K. (2009). —
Recent outbreak of glanders in India. Ind. J. anim. Sci., 79 (10), 1015—
1017.

9. Mota R.A., Brito M.F., Castro F.J. & Massa M. (2000). —
Glanders in horses and mules of the states of Pernambuco and Alagoas,
Brazil. Pes. Vet. Bras., 20 (4), 155-159.

10. Odontsetseg N., Mweene A.S. & Kida H. (2005). — Viral and
bacterial diseases in livestock in Mongolia. Jpn J. vet. Res., 52 (4), 151-
162.

No. 17062014-00035-EN 9



Rev. sci. tech. Off. int. Epiz., 2014, 33 (3), ... - ..

11. Wernery U., Zachariah R., Wernery R., Joseph S. & Valsini L.
(2005). — Ten years of freedom from notifiable equine diseases in the
United Arab Emirates. In Proc. of the 15th International Conference of
Racing Analysts and Veterinarians (P.H. Albert, T. Morton & J.F. Wade,
eds). R & W Publications, Dubai, United Arab Emirates, 1-4.

12. World Animal Health Information Database (WAHID) (2012). —

Available at: www.oie.int (accessed on 28 October 2013).

13. Jana A.M., Gupta A.K., Pandya G., Verma R.D. & Rao K.M.
(1982). — Rapid diagnosis of glanders in equines by counter-immuno-
electrophoresis. Ind. vet. J., 59, 5-9.

14. Misra V.C. & Arora A.K. (1998). — Diagnosis of glanders by
counter-immuno-electrophoresis test and its efficacy vis-a-vis other test.
J. Remount vet. Corps., 27, 177-185.

15. Naureen A., Saqib M., Muhammad G., Hussain M.H. & Asi M.N.
(2007). — Comparative evaluation of Rose Bengal plate agglutination test,
mallein and some conventional serological tests for diagnosis of

spontaneous equine glanders. J. vet. diagn. Invest., 19 (4), 362-367.

16. Sprague L.D., Zachariah R., Neubauer H., Wernery R., Joseph M.,
Scholz H.C. & Wernery U. (2009). — Prevalence-dependent use of
serological tests for diagnosing glanders in horses. BMC vet. Res., 5, 32.

17. Zhang W.D. & Lu Z.B. (1983). — Application of an indirect
haemagglutination test for the diagnosis of glanders and melioidiosis.
Chin. J. vet. Med., 9, 8-9.

18. World Organisation for Animal Health (OIE) (2008). — Glanders.
Chapter 2.5.11. In Manual of Diagnostic Tests and Vaccines, Vol. I, 6th
Ed. OIE, Paris, 919-928. Available at:
www.oie.int/fileadmin/Home/eng/Health standards/tahm/2.05.11 GLAN
DERS.pdf (accessed on 28 October 2013).

No. 17062014-00035-EN 10



Rev. sci. tech. Off. int. Epiz., 2014, 33 (3), ... - ..

19. World Organisation for Animal Health (OIE) (2008). — Principles
and methods of validation of diagnostic assay for infectious diseases.
Chapter 1.1.4. In Manual of Diagnostic Tests and Vaccines, Vol. I, 6th
Ed. OIE, Paris, 3445, Available at:
http://web.oie.int/fr/normes/mmanual/2008/pdf/1.1.04 VALID.pdf
(accessed on 28 October 2013).

20. Dean H.R. (1916). — The influence of temperature on the fixation
of complement. Available at:
http://onlinelibrary.wiley.com/doi/10.1002/path.1700210204/abstract
(accessed on 28 October 2013).

21. Elschner M.C., Holger C., Scholz M., Peggy M., Rassbach A.,
Dietzsch M., Melzer F., Schmoock G., de Assis Santana V.L., de Souza
M.M., Wernery R., Wernery U. & Neubauer H. (2011). — Use of a
Western blot technique for the serodiagnosis of glanders. BMC vet. Res.,
5 7.

22. Khan I., Wieler L.H., Neubauer H. & Gehlen H. (2011). —
Serodiagnosis of glanders with reference to endemic and non-endemic

settings. Doctoral thesis, Free University, Berlin.

23. Khan I., Wieler L.H., Melzer F., Gwida M., de Assis Santana
V.L., A. de Souza M.M., Saqib M., Elschner M.C. & Neubauer H.
(2011). — Comparative evaluation of three commercially available

complement fixation test antigens for the diagnosis of glanders. Vet. Rec.,
169 (19), 495. doi:10.1136/vr.d5410.

24. Martin S.W. (1977). — The evaluation of tests. Can. J. comp. Med.,
41, 19-25.

25. Kolmer J.A., Rule A.M. & Yagle M.E. (1921). — Studies in the
standardization of the Wassermann reaction. XVI. The influence of
temperature and duration of primary incubation upon the velocity and

amount of complement fixation in syphilis with different organ extracts
(antigens). Am. Jour. Syph., 16 (5), 44-62.

No. 17062014-00035-EN 11



Rev. sci. tech. Off. int. Epiz., 2014, 33 (3), ... - ..

26. Ris D.R. (1974). — The complement fixation test for the diagnosis
of Brucella ovis infection in sheep. N.Z. vet. J., 22, 143—146.

27. Burgess G.W. & Norris M.J. (1982). — Evaluation of the cold
complement fixation test for diagnosis of ovine brucellosis. Aust. vet. J.,
59, 23-25.

28. Anuntagool N. & Sirisinha S. (2002). — Antigenic relatedness
between Burkholderia pseudomallei and Burkholderia mallei. Microbiol.
Immunol., 46 (3), 143-150.

29. Misra V.C. & Arora A.K. (1990). — Serological cross-reactions
between Pseudomonas mallei and some other bacteria. Indian J. comp.
Microbiol. Immunol. infect. Dis., 11 (1), 28-31.

30. Piven’ N.N., Iliukhin V.., Timoshin V.B., Viktorov D.V. &
Abramenko A.V. (2005). — Cross-reacting antigens of pathogenic
Burkholderia and some dangerous causative agents of infectious diseases
[in Russian]. Zh. Mikrobiol Epidemiol. Immunobiol., 2, 14-19.

No. 17062014-00035-EN 12



Rev. sci. tech. Off. int. Epiz., 2014, 33 (3), ... - ..

Table |

Warm and cold procedures for complement-fixation testing of sera from glanders-free (Group I) and glanderous and
immunised animals (Group I1)

Species Warm CFT Cold CFT
No. i,
Group sera Nature/origin of sera
Horse  Donkey  Mule Positive Equivocal Negative Positive Equivocal  Negative
196 True negative 195 1 0 0 0 196 4@ 0 192
Microbiologically and clinically 117 2 4 57 8 58 95 4 24
123 (mallein test) positive glanderous
I animals from Brazil and Pakistan, 53(@+11)+30) 8@ 56@+10) +1(€)  90@+1bB)+40) 4@ 23(@+1(0)
immunoblot positive
23 Immunised horse 23 0 0 17 1 5 22 1 0
a) Horse
b) Donkey
c) Mule
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Fig. 1

Comparison of warm and cold complement-fixation titres of
serum from a horse immunised against B. mallei
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