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Abstract

In this study 253 serum samples from cattle showing respiratory disorders were tested by confirmatory Western Immunoblotting test
(IBT), complement fixation test (CFT) and competitive enzyme linked immunosorbent assay (c-ELISA). Two (0.8%) out of 253 serum
samples were found to be positive and two were (0.8%) doubtful by CFT while 7 (2.8%) serum samples were found as positive and 25
(9.9%) of them were found to be doubtful by c-ELISA. On the other hand, a core profile of antigenic bands needed to be identified at 110,
98, 95, 62/60 and 48 kDa was not detected in any of the test serum sample. Immunoblot analysis some of serum samples displayed the
number of bands between one or three and some of them were highly faint. In order to detect similarities between MmmSc strains related
to their electrophoretic profiles, whole cell proteins of Mycoplasma species isolated from cattle and MmmSC reference strains
(Mycoplasma mycoides subsp. mycoides SC Botswana (African strain), Mycoplasma mycoides subsp. mycoides SC PG1 (reference strain),
Mycoplasma mycoides subsp. mycoides SC V5 (Australian strain), M. bovigenitalium, M. bovirhinis, M. capricolum subsp. capricolum,
M.canadense, M.alkalescens and M. bovis) were analysed by sodium dodecyl sulphate polyacrilamide gel elektrophoresis (SDS-PAGE).
The result of this analysis indicated that antigens of 220, 78, 82, 68, 24 kDa were common among all tested strains. According to these
results, it was thought that positive results by both CFT and c-ELISA, also non specific band patterns observed by IBT might be caused by
a cross reaction between tested Mycoplasma strains. As conclusion, it is recommended that all the positive results by CFT and c-ELISA be
confirmed by IBT.
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Solunum Bozuklugu olan Sigirlarda Bulasici Sigir Pleuropndmonisine Karsi Olusan Hiimoral immiin Yanitin Western Blot Teknigi,
Kompleman fiksasyon testi ve Kompetatif Enzyme Linked immunosorbent Assay Testi ile Degerlendirilmesi

0z
Bu ¢alismada, solunum bozukluklari gosteren sigirlardan alinan 253 serum numunesi, dogrulayici olarak Western Immunoblotting test
(IBT), Kompleman fiksasyon testi (CFT) ve kompetatif enzyme linked immunosorbent assay (c-ELISA) ile test edildi. CFT ile 253 serum
érneginden ikisi (%0,8) pozitif, ikisi (%0,8) siipheli, c-ELISA ile 7 (%2,8) serum numunesi pozitif ve 25'i (%9,9) siipheli bulundu. Ote yandan,
110, 98, 95, 62/60 ve 48 kDa' olarak tanimlanmasi gereken antijenik bantlar, serum 6rneklerinin higbirinde tespit edilmedi. Bazi serum
numunelerinin immiinoblot analizi sonucunda bir veya ii¢ arasinda bant gériildii ve bu bantlarin bazilari oldukga soluktu.
MmmSc suslari arasindaki elektroforetik profiller ile ilgili benzerlikleri tespit etmek igin sigirlardan izole edilen Mycoplasma tirlerinin tam
hiicre proteinleri ve MmmSC referans suslari (Mycoplasma mycoides subsp. mycoides SC Botswana (Afrika susu), Mycoplasma mycoides
subsp. mycoides SC PG1 (referans sus), Mycoplasma mycoides subsp. mycoides SC V5 (Australian strain), M. bovigenitalium, M. bovirhinis,
M. capricolum subsp. capricolum, M.canadense, M.alkalescens and M. bovis). sodium dodecyl sulphate polyacrilamide gel elektroforezi
(SDS-PAGE) ile analiz edildi.
Bu analizin sonucu, 220, 78, 82, 68, 24 kDa antijenlerinin test edilen tim suslar arasinda yaygin oldugunu gésterdi. Bu sonuglara gore, CFT
ve c-ELISA pozitif sonuglarinin ve IBT ile gdzlemlenen spesifik olmayan bant érneklerinin, test edilen mikoplazma suslari arasindaki capraz
reaksiyonlardan kaynaklanabilecegi distintldi. CFT ve c-ELISA ile elde edilen tiim pozitif sonuglarin IBT testi ile dogrulanmasi gerektigi
sonucuna varild.

Anahtar Kelimeler: ELISA, immunoblotting test, seroloji

INTRODUCTION (MmmSC) is an important contagious respiratory disease of
cattle. The disease is charactherized by fever, anorexia, co-
ugh, dyspnoea, polypnoea and nasal charges associated with
pneumonia and sero-fibrinous pleurisy. The disease occurs
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in several forms changing from hyperacute to chronic and
subclinical forms (1-4).

Serological analysis is the most important diagnostic
tool for the control of CBPP. However, there is no single se-
rological test capable of detecting all animals affected by
CBPP under field conditions of infection. Complement fixa-
tion test (CFT) and competitive ELISA (c-ELISA) are highly
specific tests but have been shown to be relatively sensitive
in the very early and chronic stages of infection. Although
CFT is a widely used official test approved by OIE, Immunob-
lotting test (IBT) is considered to be of diagnostic value
showing a higher sensitivity and specificity and it is recom-
mended to be used primarily as a confirmatory test. The pre-
sence of the core Ig G immunoblot profile of five specific an-
tigen bands with determined molecular weights of 110, 98,
95, 62/60 and 48 kDa are considered positive for the infec-
tion (2, 5-7). IBT also demonstrates common antigenic bands
with molecular weights of 85, 80, 72, 44 ve 39 kDa that might
be detected between MmmSC strains (8).

Based on the literature reviewed in Turkey. Erdag and
Tirkaslan, (1994) analyzed 750 serum samples collected
from various locations of Turkey by CFT and agar gel diffu-
sion tests and they failed to detect any positive sample. In
another study, serum samples collected from 945 cattle
from four abottoirs in Turkey were tested by CFT and cELISA.
Four of the serum samples were found as positive by cELISA
(0.4 %) while two of them were positive by CFT (0.2 %) (10).

In this study, a total of 253 serum samples from cattle
experienced respiratory findings were tested by CFT, c-ELISA
and IBT. It was aimed to evaluate and analyse host humoral
immune response in relation to the electrophoretic profile
of MmmSc antigens. It was also aimed to make observation
to some extent about the status of the disease in our co-
untry.

MATERIALS AND METHODS

Serum Samples

A total of 253 serum samples which are sent to our labora-
tory for the diagnosis of CBPP from 18 different provinces
and collected from the cattle showing respiratory symptoms
were used in the study.

Reference Strains

Strains were obtained from Animal Plant Health Agency
(APHA) and Pendik Veterinary Control Institute (PVCRI) cul-
ture collection.

Standard Positive and Negative Sera

Control sera were kindly obtained from Instituto Zooprofila-
tico Sperimentale (1ZS) Terramo. A titer of 1:320 of positive
serum was used in CFT and 1:200 in IBT.

MmmSC Antigen

A dilution of 1:70 standard antigen used in CFT was kindly
obtained from IZS.
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Eaton’s Broth Media

The media was prepared according to the procedure decri-
bed elsewhere (11).

Complement Fixation Test

CFT was carried out in microplate format according to the
procedure recommended by OIE (2).

Competitive ELISA

Institut Pourquier CIRAD “CBPP serum competition ELISA” kit
(Version: P05410/01) was used acccording to the instructi-
ons of manufacturer.

Antigen Preparation for Immunoblotting

For antigen preperation, 1 ml Mmm SC was inoculated into
10 ml Eaton’s broth (1:10 ratio) and grown in log phase at 37
1+ 1°C (5% CO,) for 48 + 72 hours. The same procedure was
applied for 100 ml broth (1:10 ratio) and then subcultured
into 1000 ml Thiaucourt broth (1:10 ratio). The grown cul-
ture (1 litre) was then centrifuged at 12,000 g at 4 °C. After
discard the supernatant, pelet was washed 3 times with 100
ml sterile PBS at 12000 g for 40 minutes at 4 ° C. Resulted
pelet was resuspended in 5 ml sterile PBS and then vortexed
to homogenize the Mycoplasma suspension. Protein con-
centration of the Mycoplasma suspension was calculated by
using the Pierce BCA Protein Analysis Kit (Thermo Scientific
). Suspension was stored at -20 ° C until used (13).

SDS-PAGE and Western Blotting

After calculating the protein content of thawed Mycoplasma
cells, sample proteins were electrophorosed on 4% stacking
and 12 % resolving polyacrylamide gels at 40mA constant
current. Electrophoresis is performed in the presence of the
ionic detergent Sodium Dodecyl Sulfate (SDS) which gives
proteins negative charges and under reducing and denatu-
ring conditions. Proteins are separated by size (high molecu-
lar weight proteins on the top of the gel and low molecular
weight proteins on the bottom) and molecular weight of
sample proteins was determined by using appropriate pro-
tein marker standards with apparent molecular weights. For
SDS-PAGE analysis, each well was loaded approximately 50
ug protein and after electrophoresis gels were stained with
Coomassie blue G-250(Thermo Fischer Scientific)

For IBT, proteins were transferred electrophoretically
on 0.2um nitrocellulose membranes (NC) at 70 V constant
voltage for 1.5 hours (14). NC was blocked with PBS contai-
ning 5% BSA and %0.02 sodium azide for 2 hours, air dried
and cut into strips 0.3 cm wide and stored -20 °C until used.
For immunoblots, antigen strips were incubated with 1/10
diluted test sera for 1 hour and alkaline phosphatase conju-
gated anti bovine Ig G (1:30.000) was used as secondary an-
tibody. After washing steps, blots were developed with 5-
bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium
(BCIP/NBT) in alkaline phosphatase buffer (100 mM Tris, 5
mM MgClz, 100 mM NaCl, pH 9.5).

After drying the strips, they were examined for the pre-
sence of core 1gG immunoblot profile of five specific
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antigenic bands of 110, 98, 95, 62/60 and 48 kDa. Sera giving
a similar immunological profile were considered as positive.

Statistical Analysis

The specificity of CFT and c-ELISA was calculated by using
2X2 table (1).

RESULTS

A total of 253 serum samples were collected from cattle
which had respiratory findings. All sera were tested by CFT,
c-ELISA and IBT. All sera examined were negative by IBT but
7 (2.8 %) and 2 (0.8 %) were positive by c-ELISA and CFT, res-
pectively (Table 1).

Table 1. Comparison of CFT, IBT and cELISA results of the serum
samples from cattle for the serologic diagnosis of CBPP

Total Serologic tests

serum CFT c-ELISA IBT

number pns‘.|n [Dbt.] % [Neg. | % [pos] % [Dbt.[ % [Neg. [ % |pos|[%][Neg[ %
253 [ 2 ]08] 2 |DB\249\984 7 [28] 25 [99] 221 [87.3] 0 [ [253]100

The core Ig G immunoblot profile of five specific anti-
gen bands with apparent molecular weights of 110, 98, 95,
62/60 and 48 kDa were not detected in any of the serum
samples in IBT. Immunoblotting of some serum samples re-
sulted in either 1 to 3 major bands or very faint bands in va-
riable size (Figure 1). Most of the serum samples did not re-
acted with any antigen by showing no bands at all in the blot.
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The only serum sample giving positive reaction in both CFT
and c-ELISA reacted with 29, 35 and 60 kDa antigens. IBT was
regarded as gold standard in order to calculate specificity of
CFT and c-ELISA and it was determined as 99% and 97%, res-
pectively.

[pozitif serum

Figure 1. Western blot analysis of sera showed positive and doubt-
full reactions by CFT and c-ELISA. Molecular markers are indicated
on leftin kDa

In SDS-PAGE analysis, proteins bands of 220, 78, 82, 68,
24 kDa belonging to various Mycoplasma species were found
as common. The most different electrophoretic profile was
seen in proteins of M. capricolum subsp. capricolum fol-
lowed by M. bovigenitalium and M.alkalescens (Figure 2).
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Figure 2: SDS-PAGE (12%) analysis of whole cell proteins of various Mycoplasma species. Molecular standarts are indicated in left as kDa. 1
M. Bovigenitalium 2. M. Bovirhinis 3. M. capricolum subsp. capricolum 4. M.canadense 5. M.alkalescens 6. M. Bovis 7. Mycoplasma mycoides
subsp. mycoides SC V5 8. Mycoplasma mycoides subsp.mycoides SC PG1 9. Mycoplasma mycoides subsp.mycoides SC Botswana.

DISCUSSION AND CONCLUSION

For a proper diagnosis of contagious bovine pleuropneumo-
nia, minimal cross reactivity among mycoplasmas is utmost
important. However, various workers have common view
that serological tests used in the diagnosis of the disease
have relatively low sensitivity and specificity since there is no
single serological test that determine every stage of CBPP
and cross reactivity (2,6,5,7,10,15,16). Therefore, to

develop more sensitive tests suitable for screening and af-
terwards to use highly specific and sensitive tests like IBT for
confirming could be necessary for correct and appropriate
serological diagnosis of the disease (5,6,7).

IBT allows the analysis of humoral immune response
against many antigens of MmmSC in relate to electrophore-
tic profile of antigens. Therefore, non specific binding that
might be observed in other serological reactions can largely
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be eliminated. Moreover, humoral immune response to an-
tigenic components of MmmSC can be detected after many
months later. For this reason ,IBT seems to be important se-
rological test in especially chronic and persistent ca-
ses.(2,5,6,7,19).

In addition to problems with sensitivity, the specificity
of current official mass screening tests like CFT and c-ELISA
is reduced due to cross reactions with other closely related
(biochemical, antigenic, genetic) members of the Mycop-
lasma mycoides cluster, which can lead to false-positive re-
sults. In order to demonstrate if mycoplasma species reveal
similar electroprofile with each other several Mycoplasma
strains were used for this comparison, namely MmmSC
Botswana (African strain), Mmm SC PG1 (referens strain,
Mmm SC V5 (Australian strain), M. Bovigenitalium, M. Bo-
virhinis, M. capricolum subsp. capricolum, M.canadense,
M.alkalescens and M. bovis. SDS-PAGE analysis of this strains
demonstrated that antigens of 220, 78, 82, 68, 24 kDa were
common in these strains. Cheng et.al. (20) reported that
MmmSC shows cross reactions with M bovine group 7 and
M.capricolum subsp capricolum in Mycoides cluster. This
cross reaction was also observed in certain extent with
M.bovis and M. bovirhinis.

According to the results, all positive and doubtful reac-
tions by CFT and c-ELISA and all non specific bands observed
in IBT were conidered as cross reactions with closely related
mycoplasmas. Therefore, it was thought that all the suspec-
ted CFT and c-ELISA results need to be confirmed by IBT. Ce-
tinkaya et. al.,(2003) performed bacteriological cultures
from 62 suspected lung and they made PCR to identify
MmmSC and suspected isolates. No MmmSC was isolated
but they reported that M. alkalescens, M. canadense, M. bo-
vis and M. bovigenitalium were isolated.

In an active surveillance performed in Sweetzerland for
CBPP, 200.000 cattle slaughtered in slaughterhouse were
included in the study. They found the lesion prevelance as
0.04%. The sera taken from suspected animals were tested
by CFT and low titers (no more than 1/10 +++) were found as
1.6% . The researchers failed to isolate MmmSC from lesions
but on the other hand they isolated M.bovis from 7 cases
(17). In Hungary, 1248 serum samples were tested by CFT,
and only 7 serum samples were found as positive with low
titer (1/10 ++ ) and other serum samples were found as ne-
gative. No MmmSC isolate was made from 953 lung samples
from slaughtered animals but M.bovis was isolated frequ-
ently (18). In our study we found low positivity rate (0,8%)
by CFT and all positive ones had low titers. In this context,
this positivity was evaluated as cross reaction with other ge-
netically close species. This findings were compatible with
other researcher’s findings (17,18)

Specificity of CFT and c-ELISA were 99% and 97%, res-
pectively. These findings were compatible with the researc-
hers who found the specificity 99,5% (6)and 98% (1)

Competitive ELISA (c-ELISA) developed in Montpellier,
CIRAD revealed similar sensitivity with CFT but specificity of
c-ELISA was found higher than CFT (4,20) In this study positi-
vity rate was found as 2.8 % by c-ELISA and suspected reac-
tors were found as 9.9%. In our study false positivity in c-
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ELISA was found higher than CFT. This findings were compa-
tible with those of Le Goff ve Thiaucourt (1998)

That we found no positive reactors by confirmatory IBT
may give a clue that CBPP may not be present in the country,
however, it is utmost important an active surveillance sys-
tem for CBPP, especially the abottoir-based system based on
the detection of typical lesions followed by microbial analy-
sis of the sampled organs, be established in order to reveal
the real disease status in the country.

CONFLICT OF INTEREST

The author declares that the research was conducted in the
absence of any commercial or financial relationships that co-
uld be construed as a potential conflict of interest

REFERENCES

1. Nicholas RA, Bashiruddin JB, Ayling RD, Miles RJ (2000). Conta-
gious bovine pleuropneumonia: a review of recent develop-
ments. Vet Bull. 70:827-838.

2. OIE. (2015). Contagious bovine pleuropneumonia. In: Manual
of Diagnostic Tests and Vaccines for Terrestrial Animals. Paris.

3. Wawegama NK, & Browning GF (2017). Improvements in diag-
nosis of disease caused by Mycoplasma bovis in cattle. Animal
Production Science. 57(7): 1482-1487.

4. Amanfu W. (2019) Contagious Bovine Pleuropneumonia. In:
Kardjadj M., Diallo A., Lancelot R. (eds) Transboundary Animal
Diseases in Sahelian Africa and Connected Regions. Springer,
Cham.

5. Nicholas RAJ, Santini FG, Clark KM, Palmer NM, Santis P De, Bas-
hiruddin JB (1996). A comparison of serological tests and gross
lung pathology for detecting contagious bovine pleuropneumo-
nia in two groups of Italian cattle. Vet Rec. 139: 89-93.

6. Regalla J, Gongalves R, Ribeiro N, Duarte L, Penha Gongalves A
(1996). Use of immunoblotting test for carrier state definition
in contagious bovine pleuropneumonia, In Mycoplasmas of ru-
minants: pathogenicity, diagnostics, epidemiology and molecu-
lar genetics, Ed. J. Frey and K. Sarris, Rep, No. EUR 16934 EN,
European Commission, Luxembourg, 72-74.

7. RegallaJ, Gongalves R, Niza Ribeiro J, Duarte L, Nicholas R, Bas-
hiruddin J, De Santis P, Garrido Abellan F, Penha Gongalves A
(1999). Development of immunoblotting as a diagnostic tool for
contagious bovine pleuropneumonia. In, COST 826 Agriculture
and biotechnology “Mycoplasmas of ruminants: pathogenicity,
diagnostics, epidemiology and molecular genetics”, (Ed. D. Ber-
gonier, X. Berthelot, and J. Frey), Rep. No. EUR 19245 EN, Euro-
pean Commission, Luxembourg, 109-112,

8. Gongalves R, Regalla J, Nicolet J, Frey J, Nicholas R, Bashiruddin
J, De Santis P, Gongalves AP (1998). Antigen heterogeneity
among Mycoplasma mycoides subsp. mycoides SC isolates:
discrimination of major surface proteins. Veterinary Microbio-
logy. 63(1):13-28.

9. Erdag O, Turkaslan J (1994). Sigirlarin siiregen solunum yolu
hastaligi (CBPP)’nin serolojik testler ile aragtirilmasi. Pendik Vet
Mikrobiyol Derg. 25(1-2): 49-53.

10. Cetinkaya B, Ongér H, Karahan M, Kalender H, Lorenzon S, Thi-
aucourt F (2003). Abattoir-based survey of contagious bovine
pleuropneumonia in cattle in Turkey, Veterinary Re-
cord.152:254-258.

11. Miles RJ, & Nicholas R. (1998). Mycoplasma Protocols (Methods
in Molecular Biology, vol. 104).

116




Erdenlig Giirbilek et al., Dicle Univ Vet Fak Derg 2021;14(2):113-117

12.

13.

14.

15.

16.

17.

18.

Noordhuizen JPTM, Frankena K, Thrusfield MV, Graat EAM
(2001). Application of quantitative methods in veterinary epi-
demiology. Wageningen Pers Wageningen

Duffy MF, Noormohammadi AH, Baseggio N, Browning GF. and
Markham PF (1998). Polyacrylamide gel-electrophoresis sepa-
ration of whole-cell proteins. Methods in molecular biology, Vol
104: Mycoplasma protocols Ed. RAJ Miles and RAJ Nicholas, Hu-
mana Pres Inc., Totowa, NJ, 267-277.

Towbin ST, Staehelin T and Gordon J (1979). Electrophoretic
transfer of proteins from polyacrilamide gels to nitrocellulose
sheets: procedure and some applications. Proc. Natl. Academy
of Science. 76:4350-4354.

Amanfu W, Sediadie S, Masupu KV, Benkirane A, Geiger R. &
Thiaucourt F (1998). Field validation of a competitive ELISA for
the detection of contagious bovine pleuropneumonia in
Botswana. Rev. Elev. Med. Vet. Pays Trop. 51:189-193.

Ayling R, Miles RJ., Nicholas RAJ. (1999). Development of imp-
roved serological tests for the diagnosis of CBPP. Proceedings
of the International Symposium on Mycoplasmas of Ruminants.
Toulouse, France, p.35.

Yansambou MS, Ferreira AC, Bada-Alambedji R, Botelho A
(2018) Seroprevalence of Contagious Bovine Pleuropneumonia
in Niamey Region, Niger. ) Vet Med Res 5(8): 1151.

Stipkovits L, Dan A, Varga E, De Santis P, Lelly R, Kaszanyitzky E.
... & Harrach, B (2000). Screening of Hungarian cattle herds for
Mycoplasma mycoides subspecies mycoides small colony infec-
tion with negative results. Acta Veterinaria Hungarica, 48(4),
375-385.

19.

20.

21.

The Evaluation of Humoral Immune Response to Contagious Bovine ...

Abdo EM, Nicolet J, Miserez R, Goncalves R, Regalla J, Griot C,
Bensaide A, Krampe M, & Frey J (1998). Humoral and bronchial
immune responses in cattle experimentally infected with My-
coplasma mycoides subsp. mycoides small colony type. Vet Mic-
robiol. 59:109-122.

Cheng X, J Nicolet, R Miserez, P Kuhnert, M Krampe, T Pilloud,
EM, Abdo C. Griot and J, Frey (1996). Characterization of the
gene for an immunodominant 72 kDa lipoprotein of Mycop-
lasma mycoides subsp. mycoides small colony type, Microbio-
logy. 142:3515-3524

Le Goff C & Thiaucourt F (1998). A competitive ELISA for the
specific diagnosis of contagious bovine pleuropneumonia
(CBPP). Vet Microbiol. 60:179-191.

* Corresponding Author:

Osman Yagar TEL

Department of Microbiology, Faculty of Veterinary Medi-
cine, Harran University, Sanlurfa, TURKIYE

E-mail: oyasar@gmail.com

117




