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At abattoirs and farms, 1248 sera were collected from animals representing
121 farms, and examined by complement fixation test using Mycoplasma mycoides
subspecies mycoides small colony type (MmmSC) antigen. All sera were negative
except seven from four farms, giving ++ reactions in the serum dilution of 1:10. On
retesting, these sera and additional 30 sera collected repeatedly in both farms gave
negative results. In isolation attempts, 953 lung samples collected from slaughtered
cattle at the same abattoirs, and 326 nasal swabs collected from 11 herds proved to
be negative for the presence of MmmSC, but M. bovis was isolated frequently. In
the small farms 23.95% of the animals had pleurisy and/or pneumonia while in the
large herds 34.69% had lesions. DNA extracted from 50 nasal swabs and 430 lung
samples was examined by polymerase chain reaction (PCR) using M. mycoides
cluster-specific primers. DNA from further 325 lung samples was tested by the
more specific M. mycoides subspecies mycoides small colony/large colony/capri
specific primers and 196 samples by nested PCR specific for MmmSC. All gave
negative results. The detection level of cluster-specific primers and the more spe-
cific primers was 33.4 pg of DNA, whereas that of nested PCR was 0.33 pg.
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Contagious bovine pleuropneumonia (CBPP) is a disease belonging to the
‘List A diseases’ of the ‘Office International des Epizooties’ (Ter Laak, 1992a)
and listed among the six priority diseases under the FAO Emergency Prevention
System (EMPRES) (Rweyemamu and Benkirane, 1996) because of its potential
for transmissibility and the serious socioeconomic consequences. The disease
causes considerable economic losses in Africa and Asia for which special meas-
ures leading to its eradication must be taken (Miserez et al., 1997). CBPP is
caused by Mycoplasma mycoides subspecies mycoides small colony type
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(MmmSC). Diagnosis of the disease is difficult. Although clinical symptoms and
pathological lesions are considered pathognomonic in endemic areas, they also
might be non-characteristic, with a long incubation period. Furthermore, the par-
tial resistance of animals enhances the spread of infection relatively unnoticed.
The complement fixation test (CFT), which is regarded as an official serological
method for antibody detection, can demonstrate only approximately 74% of the
infected animals (Nicholas and Bashiruddin, 1995). The increasing use of antibi-
otics in Europe may mask clinical signs and lesions as well as serological re-
sponse (Nicholas and Palmer, 1994). The very sensitive PCR test is not always
used and impurity may cause false positive reactions (Akane et al., 1994; Cheng
et al., 1995; Miserez et al., 1997). Finally, the presence of different (but biochemi-
cally and serologically very closely related) members of the M. mycoides cluster
(Taylor et al., 1992; Dedieu et al., 1994; Frey et al., 1995; Hotzel and Sachse,
1996; Johansson et al., 1996; Petterson et al., 1996) may also cause problems. The
relaxation of import controls on animal movements throughout the European Un-
ion and the general increase in international trade have increased the threat of
CBPP to disease-free countries.

Europe was considered to be free of CBPP from the end of the last cen-
tury. However, some years ago, outbreaks of CBPP were recognised in cattle in
Portugal, Spain, France and Italy (Santini et al., 1992; Bashiruddin et al., 19944,
b; Nicholas and Bashiruddin, 1995; De Santis et al., 1996a, b; Egwu et al., 1996;
Ayling et al., 1998). It was supposed that the MmmSC infection was transmitted
from Africa. However, comparative Southern blot hybridisation with an insertion
sequence, 1S1296 (Frey et al., 1995) of strains obtained from different outbreaks
of European and African countries revealed that European isolates showed an
IS1296 profile different from all studied African and Australian ones. Similar re-
sults were obtained by Poumarat and Solsona (1995), who tested strains by re-
striction endonucleases BamHI and Pstl. This investigation showed that out-
breaks in Europe were not connected with the African endemic situation (Frey et
al., 1995). Unconfirmed reports suggested that the disease may be present also in
some other parts of Europe including Eastern Europe (Bashiruddin, 1996).

Hungary is considered free of this disease for more than 100 years. How-
ever, since Hungary has trade relations with many Western countries in cattle
breeding materials and as respiratory diseases are frequent in herds, a decision
was made to perform a complete examination in an attempt to detect MmmSC
infection by pathological examination of lungs of cattle slaughtered at abattoirs,
by testing their sera for specific antibodies to MmmSC by the complement fixa-
tion test (CFT) and by indirect ELISA, by culturing lung samples and nasal
swabs for isolation of mycoplasmas as well as by testing them by PCR.
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Materials and methods

Serological examination

Serum samples were collected at three abattoirs from slaughtered cattle
originating from all 20 counties of Hungary. Sera were also collected from 11
different farms situated in various counties of the country. Additionally, 60 sera
were collected in four herds where 7 animals had suspicious CFT results (++ in
dilution of 1:10).

All sera were tested in a dilution of 1:10 by the standard method of CFT of
the Office International des Epizooties as indicated elsewhere (Campbell and
Turner, 1994; Nicholas et al., 1996; Ayling et al., 1998) using standard antigen
(obtained from IZSAM, Teramo, Italy). The control serum, also provided by the
Teramo Institute, gave a titre of 1:320. Some of the sera (230) were tested with
indirect ELISA and the latex slide agglutination test at the Veterinary Laborato-
ries Agency, Addlestone, UK (R. Nicholas and R. Ayling).

Examination of lungs and nasal swabs by culturing

Lung samples were collected at abattoirs from slaughtered cattle at the
same time when sera were collected. Additionally, nasal swabs were collected
from the same 11 herds examined serologically. Part of the lung samples were
cultured in liquid and solid medium B (Erng and Stipkovits, 19734, b) for pres-
ence of mycoplasmas by using a procedure described by Gourlay and Howard
(1983). Part of the lung samples were cultured in Veterinary Mycoplasma Me-
dium Liquid or CBPP diagnostic medium (both of them obtained from Dr. D.
Windsor, Mycoplasma Experience, Reigate, Surrey, UK) supporting growth of
MmmSC differentially and staining the colonies red. Isolates were identified on
the basis of cultural and biochemical characteristics (Eme and Stipkovits,
19735b), as well as serological properties using growth inhibition and epifluores-
cence tests. These media were used also for culturing a positive lung sample ob-
tained as control from IZSAM, Teramo, Italy. MmmSC was isolated from this
control in all three media.

Examination of lungs and nasal swabs by PCR

Testing of cattle lung samples and nasal swabs by PCR for the presence of
MmmSC was performed by taking into consideration a possible presence of any
other members of the M. mycoides cluster, as well as sequence differences in the
16S RNA operons and the different sensibility of methods and primers. Therefore
the same primers and techniques used by FAIR1-CT95-711 project partners were
applied: primers specific for the M. mycoides cluster and those that amplify only
the DNA of M. mycoides subsp. mycoides small colony, large colony, and capri
(Bashiruddin et al., 19944, b; De Santis et al., 19964, b). These primers were partly
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obtained from IZSAM, Teramo or custom synthesised. Additionally, primers for
nested PCR specific for MmmSC were also used (Miserez et al., 1997).

Fifty nasal swab samples were collected in PBS from live animals in two
large farms situated in two districts of the country. Nine hundred and fifty-three lung
samples were collected from cattle slaughtered at three abattoirs. From 183 lungs, a
10% homogenised suspension was made in PBS. Five hundred pl aliquots of lung
suspensions were applied for DNA isolation by phenol/chloroform extraction (De
Santis et al., 19964, b). In 133 cases, lung samples were cultured in Veterinary My-
coplasma medium (Mycoplasma Experience) and, after 24-48 h of incubation,
500 pl of liquid medium was used for DNA extraction. Six hundred thirty-seven
lung samples were precultured in Medium B (Erne and Stipkovits, 1973a).

Five hundred pl aliquots of lung suspensions or cultures were centrifuged
for 10 min at 14,000 g. The sediments were washed once with 500 pul TNE
puffer. The DNA was extracted according to the method described elsewhere
(Bashiruddin et al., 1994a; De Santis et al., 19964, b). The pellets were resus-
pended in 200 pl of TNE puffer containing 20 pl of 10% SDS, 20 pul of 10% Sar-
cosyl and 5 pl of Proteinase K (20 pg/ml). After incubation for 1 h at 37 °C,
DNA from the lysate was extracted once with 200 pl of phenol saturated with
0.01 M Tris-HCI, pH 7.2 and 0.01 M EDTA, and twice with 200 pl of phenol:
chloroform:isoamyl alcohol (25:24:1). The DNA was precipitated with 20 pl of
3 M sodium acetate and 300 pl of cold ethanol and left overnight at —20 °C. Af-
ter centrifugation, the sediment was washed with 500 pl of 70% ethanol, dried
and resuspended in 10 pl of deionised PCR grade water.

One pl aliquots of extracted DNA samples were used for amplification in
thermocycler PDR-91 (‘Programmable DNA reproducer’, BLS, Budapest, Hun-
gary), using 50 pmol of M. mycoides cluster specific primers (MC323/MC358;
amplifying a ~1500 bp DNA fragment) (Taylor et al., 1992; Bashiruddin et al.,
1994b), or the more specific primers detecting only M. mycoides subspecies my-
coides SC, LC, and capri (MM450/MM451) (Taylor et al., 1992; Bashiruddin et
al., 19944, b; De Santis et al., 1996b), amplifying a 0.5 kb genome region. Prim-
ers described by Miserez et al. (1997) for the specific detection of MmmSC by
nested PCR were used, too (717 and 503 bp amplicons, respectively). As control,
DNA of M. mycoides subsp. mycoides SC (Afade strain), lung sample positive
for MmmSC (IZSAM, Teramo) as well as DNA prepared from the MmmSC
isolate cultured from the above-mentioned lung sample were used. The reaction
mixture was 50 pl consisting of 10 mM Tris-HCI (pH 9.0), 50 mM KCI, 1.5 mM
MgCl,, 1.25 mM of dNTPs, and 1.5 U of Taq polymerase. PCR parameters were
94 °C 5 min.; 30 cycles of 94 °C for 30 sec, 50 °C for 30 sec, 72 °C for 30 sec;
finally 72 °C for 5 min. The amplified products were analysed by gel electropho-
resis, using 1% agarose containing ethidium bromide (0.5 pg/ml). The BIO-RAD
0.56-23.1 kb molecular weight standard or DNA of bacteriophage lambda di-
gested by PstI were used as molecular mass marker.
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Sensitivity of all three sets of primers was tested using the control DNA
prepared from a cultured isolate of MmmSC obtained from the positive lung
samples (167 ng/ul). Two pul of the DNA dilutions (10"'~107'") was used as tem-
plate in the PCR sensitivity test. Ten pl of each 50 pl final PCR product was
analysed by electrophoresis.

Results

Serological examination

Altogether, 922 serum samples were collected at three abattoirs from
slaughtered cattle originating from 62 large farms (3 to 25 animals, in an average
of 14) and from 48 small farms (1-5 animals). Additional 266 sera were col-
lected from 11 different farms situated in various counties of the country. All the
1188 sera were CFT negative except seven sera giving ++ in serum dilution of
1:10 (Table 1). Retesting of these sera gave negative results. Additionally, 30
sera were repeatedly collected in the four herds where the seven animals had
these suspicious CFT results. These sera proved to be negative, too. Two sero-
logically suspicious animals from two of the herds were slaughtered for observa-
tion of possible lesions. In one herd, none of the sacrificed animals had lesions,
and no mycoplasma could be found by culturing or PCR. In case of the other
animals, both had pneumonia and pleurisy. No MmmSC could be detected by
culturing or PCR but other mycoplasmas like M. bovis were isolated from lungs
and pleural fluid and M. bovirhinis from nasal swabs.

Table 1

Incidence of cattle reacting in the complement fixation test and of animals showing signs
of pneumonia and pleurisy in the tested herds

Designation No. No. of serologically No. of animals
of herd of animals tested reacting animals with pneumonia and pleurisy
Zs 16 1 11
Szl 16 1 11
Sz2 17 1 6
M 17 4 4

Sera from 100 cattle showing pneumonia and/or pleurisy and coming from
22 different farms, as well as sera from 130 animals of the same farms but having
no pathological lesion were tested by indirect ELISA and latex slide agglutination
in VLA, Addlestone (R. Nicholas and R. Ayling) and found negative. Twelve sera
were tested also by immunoblot but CBPP characteristic profile was not found
(J. Regalla, Laboratorios National de Investigacao Veterinaria, Lisboa, Portugal)
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Culturing of lung and nasal swabs

Nine hundred fifty-three lung samples were collected from slaughtered cat-
tle at the same abattoirs where sera were collected. Additionally, 326 nasal swabs
were collected from 11 herds (usually 30 animals/herd) situated in various counties
of the country. All lung samples proved to be culturally negative for MmmSC.
However, M. bovis (based on glucose and arginine negative properties, film and
spot positive tests, growth inhibition and epifluorescence tests), and very rarely
M. bovirhinis were present in certain samples.

Pathological examination

Altogether 685 (from 3 to 8 years old) animals, originating from 43 large
farms (614 animals) and 26 small farms (71 animals) were examined for the
presence of lung lesions (Table 2). Before sacrificing, the animals were clinically
healthy. After slaughtering, 52 animals (7.59%) were found by visual examina-
tion, palpation and incision to have macroscopic pneumonia alone or pneumonia
and pleurisy (25.55%) of different extent. Among animals of small farms, 17
cattle (23.94%) had lesions while among cattle of large farms, 252 (34.69%) had
lesions. Animals without pathological lung lesions were found only in 7 large
herds, in all other herds 6.67—-100% of the animals had lung lesions.

Table 2

Occurrence of pneumonia and pleurisy in cattle examined at abattoirs

T N No. o Occurrence No.
£ fy pe fhov d of examined N ceurrence of pneumonia of cattle
ot farms otherds cattle ot pneumonia with pleurisy with lesions

Large farms 43 614 51 162 213
% 100 8.31 26.38 34.69
Small farms 26 71 1 16 17
% 100 1.41 22.54 23.95
Total 69 685 52 178 230
% 100 7.59 25.79 33.38

Lesions were characterised by sero-fibrinous pneumonia localised mostly
in apical and cardiac lobes unilaterally. In case of pneumonia and pleurisy, le-
sions were found in diaphragmatic lobes, adhesions connected the thickened vis-
ceral pleural and parietal pleura, and also pleural fluid was present. In case of fi-
brinous lesions and pleurisy, the septa of lobes were slightly thickened. By pal-
pation and incision, small areas of necrotic parenchyma surrounded by fibrous
capsule was noticed. The affected area had both old and recent damage. No se-
questers or hepatisation was found.
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PCR examination of lung and nasal swabs

Fifty nasal swabs and 430 lung samples were examined by M. mycoides
cluster primers, 325 lung samples were tested by a more specific primer pair, and
198 samples by nested PCR. All the DNA extracts from lung suspension, nasal
swabs or cultures were found to be negative in PCR regardless of the method or
primers used (Fig. 1). The sensitivity of the methods was tested, and the detection
level was found to be 33.4 pg DNA for the M. mycoides cluster specific primers
and the more specific primers, and 0.33 pg in nested PCR (Fig. 2A, B and C).

12 3 4 5 6 7 8 9 1011 12 13 14 15

-

Fig. 1. Agarose gel electrophoresis of PCR products resulted from amplification of DNA extracted
from bovine lung samples. Applied primers: Mycoplasma mycoides subspecies mycoides SC spe-
cies specific primers designed for nested PCR assay (a., SCNEST-1L and SCNEST-IR in the first
PCR reaction, b., SC3VII and SC31V in the second PCR reaction). A 10-pl quantity of each 50 pl

final PCR product was analysed by electrophoresis. Lanes 1 and 2 = negative lung tissues from
first (a) and second (b) PCR reaction. Lanes 3, 6, 8, 10 and 12 = field lung samples from first reac-
tion, lanes 4, 7, 9, 11 and 13 = the same field lung samples from second reaction. Lane 5 = A DNA
(Pstl digested). Lanes 14 and 15 = MmmSC from first and second reaction

Discussion

According to the presented data, macroscopic pneumonia and pleurisy are
frequently seen in animals originating from Hungarian cattle herds and slaugh-
tered at abattoirs. In certain herds, the incidence of these lesions is very high,
reaching 100%. The lesions are not fully identical with those caused by M. my-
coides subsp. mycoides SC (Nicholas et al., 1996) but in chronic cases they are
similar. Since MmmSC can cause also very mild lesions (Bashiruddin et al.,
1996), pathomorphologic examination of cattle for MmmSC infection is not suf-
ficient. This problem should be stressed, taking into consideration also the fre-
quent use of antibiotics which might suppress the development of lesions.
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Fig. 2. Template DNA titration. The original concentration of the DNA used as positive control in
our PCR assays was 167 ng/pl. Two pl of the DNA dilutions (10™'=107'%) were used as template in
the PCR sensitivity test. Agarose gel electrophoresis of PCR products of DNA extracted from
M. mycoides subsp. mycoides SC and amplified with: A. Mycoplasma mycoides cluster specific
primers (MC358, MC323), B and C. MmmSC specific primers designed for nested PCR assay
(SCNEST-1L and SCNEST-1R, SC3VII and SC31V, respectively).

Lane 1 = undiluted DNA, lanes 2—11 = tenfold diluted DNA (107'-107'%),
lane 12 = negative control, lane 13 = A DNA (Ps¢I digested)
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The CFT gave negative results in most of the cases. However, frequent
antibiotic treatment of animals may also prevent the development of antibodies.
Since the age of animals slaughtered at abattoirs was high (mostly more than
three to eight years), absence of antibodies could be explained also by age. Fi-
nally, not all infected animals develop antibodies (Le Goff and Lefevre, 1989;
Poumarat et al., 1989; Nicholas et al., 1996).

In the present study sera from seven cattle gave weak (++) reactions in the
CFT. However, these animals proved to be negative by culturing and PCR.
Retesting of the sera by CFT or ELISA and examination of additional serum
samples and nasal swabs collected from questionable herds serologically, by
culturing or by PCR, respectively, always gave negative results. These data con-
firm the absence of MmmSC infection in Hungary. The cause of the false posi-
tive reactions is unknown. However, it should be stressed that the occurrence of
such reactions makes it necessary to perform a complex re-examination of such
herds by methods including the very sensitive PCR.

Negative results of PCR for MmmSC as well as for M. mycoides cluster
convincingly indicate the absence of infection. However, in our studies, exami-
nation was performed on a limited number of animals. Therefore the systematic
testing of animals should be continued mostly in farms where respiratory disease
is a major problem.

Since M. bovis could be isolated from lungs, its causative role in the de-
velopment of lung lesions might be supposed (Ter Laak, 19925b). Lesions in-
duced by M. bovis might be similar to CBPP lesions. This causes problems in di-
agnosis based exclusively on macroscopic examination of the lungs, and again
stresses the necessity of performing regular complex (clinical, pathomorphologi-
cal, serological, microbiological and PCR) studies to exclude the presence of
CBPP in Hungary.
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