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Abstract

The drug sensitivity against Mycoplasma gallisepticum (MG) isolated from 45
chicken farms from the eastern and central parts of Thailand was investigated.
Twenty MG isolates were identified by immunofluorescence and polymerase chain
reaction. All isolates were classified into groups by RAPD analyses. The field
isolates and the reference strains including S6, F, ts-11, and 6/85 were then used for
determination of the MIC levels of eleven registered antibiotics by a serial broth
dilution method. The results revealed that 20 isolates of the identified MG were
classified into 5 groups by RAPD patterns. The MIC levels against all isolates were
0.099, 0.099-0.782, and 0.099-1.563 pg/ml for tiamulin, doxycycline, and
oxytetracycline and tylosin, respectively. The MIC levels of 0.198-6.25, 0.396-6.25,
and 0.099-12.5 pg/ml were chlortetracycline, enrofloxacin, and lincomycin and
tilmicosin, respectively. Finally, MIC levels of 0.099-50, and 0.198-50 pg/ml were
erythromycin and josamycin combined with trimethoprim, and josamycin,
respectively. For the reference strains, the MIC levels of 0.396-0.792, and 1.563-
3.125 pg/ml were oxytetracycline, and chlortetracycline and lincomycin. The MIC
levels of the remaining antibiotics were 0.099-0.396 pg/ml. This study indicated that
isolated MG from the same or nearby district gave the similar or not wide range of

MICs. In conclusion, the antibiotics, tiamulin and doxycycline had the lowest MIC



values.  Tylosin, oxytetracycline, chlortetracycline and enrofloxacin showed
moderately inhibitory effect against MG. Erythromycin, josamycin, josamycin
combined with trimethoprim, tilmicosin and lincomycin had a wide range of MIC
values depending on the MG isolates. These results are the first report of MIC against
MG isolates in Thailand and would be useful for planning of the effective
prophylactic and therapeutic programs.

Keywords: Mycoplasma gallisepticum; MIC; Chicken; Thailand; Antibiotics

*Corresponding author. Tel.: 662 218 9404; fax: 662 255 3910

E-mail address: somsak.pa@chula.ac.th




ad J & % v A alrl v d d‘
anhvesen§iiuzaeive delanaraa naanigy meugae i

SmunaeNsusuaana senwavhae Inanesiln avwe anvhanlnluilszmalng

J
a

audna danala* 3150 adlSeduns

9 g

MAIMIOIINERT AmzdaNNomMans PNAINTAINIINGIdD ATINN 10330

UNnAALo
= an [ dy o v A ar <= Y] g
Anwianu hvesenlfFuzaoio dolanaran faamwagy (10u3) MeRUiA1N 9
~ 9 1o 4 [ dy <=
fen1danInswau 45 whiu 1nmaaziuesnuazniananveszme lng iFo0uTazgn
) a Y ada a o = 4 =~ o == o
WuenuazgaiaeIsauil Tungeaisauduas Tnamesise 1wy Suonsy (W513) uay
1 a Y an = a o =1 I =~ L4 ==t dy 3 aa
AU AT IZHANEITUTUANA ualnavhea Twauesdn AU (9150NA) ¥BNINLEN
9 tﬂy IS A 9 1 =} o = [ 1 Yy 9
lauazirorwuduasgiuldun ode oW Mod-11 uaz 6/85 gnihwAnITzAUMANUITUTU
° A o QsJ‘ a tﬂy <= < ~ an A Yo d?
voseiganannsndudaimsnigveudooud  ouled)  vesenlfFiuzi ldiumsiu
=\ o a 9 ax A dy dy 1 tﬂy IS A
NelguedIUIY 11 ¥HANITN519919 1UD1MITReUFDIMAY NANLAINTDUENIYDLIONT
Y dy o Y T Y ax Jd A @ =] a1 dy S aA
14 20 1ouazswun lAius nquatedtersiedia szaunon lodaeoronine 0.099, 0.099 —
0.782 uag 0.099 — 1.563 uan/ua dmiu lneydu Asnadonau uaz dondaaidenauas
a o w (% " g = 491 S AaA
TnTagu euday seduauon lodaei¥eduane 0.198 — 6.25, 0.395 — 6.25 tag 0.099 — 12.50
o [ o Y o a < 9 a a v A a a a
YAN/ANa 115U Aasswmaigenay U lsWdeonssy way auladesutaznal lagsu
AW Megane 0.099 - 50 wag 0.198 — 50 uAN/UA dMSU B3 InsieFuuaz Tewniy
a ] a v A o w o [ @ T 3 = dy 3 A
FuswiulasmnIninsy uaz Tededu awddy sy seauauou ledaoonnd
11ATFIUAD 0.396 — 0.792 1Az 1.563 — 3.125 uAn/ua d M5y dentanidunau aassinni)
1 a a v A 1 an A A = o =] =
Fonau ez aulaledu divenlfFveasiadu Uszauanouled 0.099 — 0396 uan/ua
= z dy Y I 1 ; 2 aaA 9 a = o A Y o
msanvnTituaaslfviuinFeuinuen lduanuinafortuvselndifedy  Hszeu
(=] = A A Y ] an a 2] A o a ~ 1]
andn lodmilounsolnamesiu  Tasagl enlfFuelnowdu way Aenddenau lszay
(=] Ao A a (7 ~ Y o a 4 Y o a < 9 Aa =1
avouloddnga Inlagu conmaidonau anosmaidenau uaz wulsdonydu i
[ [ =] =1 aa v A v Aa v A [ a a A
seauaoy lodunars 83 Insvedu Tesuiesu TaadesususulasmumInsnsy naulna
a a v A ~ [ [ =) dgl (Y dy <= = :JI dyd
Fu uaz aulaiedu lszauanon leFnndusgiudednd namsAniasetiilumssieanu
Qs: T 3 = 4 < { d
asusnvesnndu ledaoradudnuen 1@ lulszme lnenaziulse TevinonisnaunuTils-
unsuMItloanuazmssnuae 11

o o o o o A Al < = 1 an
Adagy:ue Ianaraw naanwany ouled 1n YszmeIne enl§Fue

[

*ASuRAraUUNAIN TNTANT: 662 218 9404 Tn3a15: 662 255 3910



Executive Summary

In this study, molecular characterization and determination of antimicrobial
resistance of Mycoplasma gallisepticum (MQG) isolates obtained from chicken farms
from the eastern and central part of Thailand was investigated. Twenty MG isolates
and the reference strains including S6, F, ts-11, and 6/85 were classified into groups
using RAPD patterns and further used for determination of the minimum inhibitory
concentration (MIC) levels of eleven registered antibiotics. The results revealed that
the 20 isolates of the identified MG could be classified into 5 groups by RAPD
patterns. The same or nearby district showed the same group or same RAPD pattern.
The average of MIC + standard deviation against all isolates was chlortetracycline
(2.73 + 2.14 pg/ml), doxycycline (0.20 + 0.23 pg/ml), enrofloxacin (2.46 + 1.64
png/ml), erythromycin (8.80 + 18.55 pg/ml), josamycin (7.25 + 16.20 pg/ml),
josamycin combined with trimethoprim (9.40 + 18.93 pg/ml), lincomycin (2.50 +
3.01 pg/ml), oxytetracycline (0.25 + 0.34 pg/ml), tiamulin (0.10 + 0.00 pg/ml),
tilmicosin (1.93 + 4.21 pg/ml) and tylosin (0.33 + 0.51 pg/ml). This study indicated
that isolated MG from the same or nearby district gave the similar or narrow range of
MICs. In conclusion, all isolates were susceptible to lincomycin, oxytetracycline,
tiamulin and tylosin, whereas josamycin was possibly classified as intermediate
against all isolates. Finally, enrofloxacin and erythromycin were classified as
resistance. These results are the first report of molecular characterization and MIC
values against MG isolates in Thailand and would be useful for planning of the

effective prophylactic and therapeutic programs.



1. Introduction

Mycoplasma gallisepticum (MGQG) infections are commonly referred to a
chronic respiratory disease (CRD) of chickens (Ley, 2003). MG is able to transmit by
either horizontal and/or vertical routes. Affected birds exhibit respiratory signs
including rales, sneezing, nasal and ocular discharge and even death. MG infection
also has adverse effects on feed conversion rate, weight gain, egg production (Ley,
2003). Airsacculitis due to MG infections is mostly the cause of increasing
condemnation at the processing plants. Various diagnostic methods have been used to
identify the infection such as serum plate agglutination, ELISA, microbial culture and
polymerase chain reaction (PCR) (Kleven and Yoder, 1989; Lauerman, 1998).

Prevention and control are the most important methods to manage MG
infections. One of the practical ways to control and reduce the economic loss caused
by MG infections is the use of antibiotics. Several antibiotics have been widely used
for the control and prevention of avian mycoplasmas in many countries including
Thailand. For in vitro study against various veterinary mycoplasmas, many groups of
antibiotics including macrolides, tetracyclines, pleuromutilin, and fluoroquinolones
were determined by Bradbury et al. (1994) and Hannan et al. (1997). It has also been
observed that antibiotic usage for a long period of time can induce antibiotic
resistance to the microorganisms (Lin, 1987; Gautier-Bouchardon et al., 2002).
Therefore, antibiotic sensitivity test should be determined prior to launching a
massive treatment. The Thai poultry industry has been using several antibiotics
including chlortetracycline, doxycycline, enrofloxacin, erythromycin, josamycin, the
combination of josamycin and trimethoprim, lincomycin, oxytetracycline, tiamulin,

tilmicosin, and tylosin for the treatment of MG. However, information regarding the



minimum inhibitory concentration (MIC) of these drugs against MG isolates in
Thailand has never been determined.

The purpose of this study was to classify the MG isolated from chicken farms
in Thailand, using randomly amplified polymorphic DNA (RAPD) and, then
determined for the minimum inhibitory concentration (MIC) against these MG
isolates. The result will be useful for planning of the effective prophylactic and

therapeutic programs in the chicken farms in Thailand.



2. Materials and methods
2.1 Media

All mycoplasmas were cultured in Frey’s broth medium (GIBCO Diagnostics,
Madison, Wisconsin) supplemented with 15% swine serum (FMS) (Kleven and
Yoder, 1989). The sterile broth was supplemented with swine serum, dextrose,
cysteine, nicotinamide adenine dinucleotide, penicillin, thallium acetate, and phenol
red. The agar medium was prepared by addition of 1% agar medium (Noble agar,
Difco® Becton Dickinson, MD, USA) to the previously mentioned broth with the
exception of phenol red.
2.2 Isolation and identification of field isolates

Samples were collected from 15 broiler farms and 30 broiler breeder farms, 15
samples of each farm, from the central and eastern parts of Thailand. Microbial
cultures were obtained from trachea of chickens using sterile cotton swabs. The
samples were inoculated into broth medium, and incubated at 37 °C. When the color
of phenol red had changed from red to orange or yellow, the cultured broths were
plated onto the agar medium further incubated at 37 °C. Mycoplasma colonies were
identified as MG by a direct immunofluorescent assay (Kleven and Yoder, 1989)
using fluorescein-conjugated rabbit antiserum provided by S.H. Kleven (Department
of Avian Medicine, University of Georgia, Athens, GA). The original MG isolated
cultures in the broth medium were then passaged and propagated until log phase then
aliquoted and stored at —70 °C until used.
2.3 MG reference strains

MG S6 strain (ATCC 15302) was obtained from American Type Culture

Collection. MG F (Schering-Plough Animal Health, Thailand), ts-11 (Fort Dodge
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Animal Health, Thailand) and 6/85 (Nobilis®, Intervet International B.V., Thailand)
strains were provided by local distributor of each vaccine strain.
2.4 Preparation of MG DNA for randomly amplified polymorphic DNA (RAPD)

The preparation of MG DNA was performed using the previously described
protocol (Ley et al., 1997). Briefly, two ml of MG aliquot cultures consisting of
approximately 10” colony forming unit (CFU) were pelleted by centrifugation, and
washed twice with phosphate-buffered saline (PBS), resuspended with 25 ul of PBS.
The pellete was then boiled for 10 min, quickly placed on ice for 5 min, and
centrifuged. The supernatant containing DNA was collected and stored at 4 °C for
PCR and RAPD testing.

2.5 PCR reaction

Amplified reaction was performed in a 50 ul volume as previously described
by Lauermann (1998), each PCR mixture consisted of 2.5 mM MgCl,, | mM dNTP
(Fermentas, USA), 10 pmole primer F (5° GAGCTAATCTGTAAAGTTGGTC 3°),
10 pmole primer R (5> GCTTCCTTGCGGTTAGCAAC 3’) (Qiagen, Germany), 2.5
U of Taq polymerase (Fermentas, USA), and 5 pul of MG DNA. Each reaction was
performed concurrently with the S6 strain as a positive and the distilled water as a
negative control. The amplification conditions were 94 °C for 30 sec, 55 °C for 30
sec, and 72 °C for 1 min for 40 cycles. The final extension cycles were 72 °C for 5
min. The expected amplification product was 185 base pairs (bp).

2.6 RAPD reaction

Two primer sets used for RAPD analyses were modified by Ley et al. (1997).
Briefly, Geary primer set (Geary et al., 1994) was performed in a 50 pl volume, each
RAPD mixture consisted of 2 mM MgCl,, 1 mM dNTP (Fermentas, USA), 500 ng

primer 1254 (5> CCGCAGCCAA 3’) (Qiagen), 2.5 U of Taq polymerase (Fermentas,
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USA) and 1 pl of MG DNA containing 50 to 100 ng DNA. The amplification
conditions were performed starting with four cycles of 94 °C for 5 min, 36 °C for 5
min, and 72 °C for 5 min, ended by 30 cycles of 94 °C for 1 min, 36 °C for 1 min, and
72 °C for 1 min, and finally a cycle of 72 °C for 10 min. Fan primer set (Fan et al.,
1995) was performed in a 50 pl volume, each RAPD mixture consisted of 1.5 mM
MgCl,, 1 mM dNTP (Fermentas, USA), 500 ng each primer M16SPCRS5’ (5’
AGGCAGCAGTAGGGAAT 3’), SI0LIGO3’ (5 CATAACTAACATAAGGGCAA
3’) MI3F (5° GTAAAACGACGGC 3’) (Qiagen, Germany) (1), 2.5 U of Taq
polymerase (Fermentas, USA) and 1.5 ul of MG DNA containing 300 to 500 ng
DNA. The amplification conditions were performed starting with three cycles of 94
°C for 15 sec, 28 °C for 2 min, and 74 °C for 3 min, ended by 35 cycles of 94 °C for
15 sec, 45 °C for 2 min, and 74 °C for 3 min, and finally a cycle of 72 °C for 10 min.
The PCR banding pattern or genotypic profile will be analyzed by gel electrophoresis.
2.7 Gel electrophoresis

Amplified DNA products were separated by gel electrophoresis. A volume of
10 ul of amplified DNA was loaded to 2 % agarose (Pharmacia Biotech AB, Uppsala,
Sweden) gels at 100 V. The gel was stained with 0.5 pg/ml ethidium bromide, and
analysed by gel documentation system (Vilber Lourmat, France).
2.8 Mpycoplasmas

All MG isolates were differentiated by RAPD and classified as groups by
RAPD pattern. The similar pattern was classified as the same group. All isolates
were propagated in FMS broth, aliquoted and stored at -70 °C until used.
2.9 Antibiotics

All tested antibiotics were registered and approved by Food and Drug

Administration, Ministry of Public Health, Thailand. Eleven antibiotics including
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chlortetracycline, doxycycline, enrofloxacin, josamycin, josamycin combined with
trimethoprim, lincomycin, oxytetracycline, tiamulin, tilmicosin, and tylosin were used
in this study. All drugs were formulated and diluted in FMS broth.
2.10 Titration of inoculum

Each isolate from frozen stocks was serially 10-folded dilution in FMS broth
then dropped on a FMS agar plate, and incubated at 37 °C for 7 days. All cultured
broths and agar plates were observed twice daily until the color of broth medium
changed to yellow color and the colony was found on the agar plate under an inverted
microscope. All cultured agar plates were determined as colony forming units
(CFU)/ml then prepared as inocula for MIC determinations.
2.11 Determination of MICs by a serial broth dilution method

The determination of MICs by a serial broth dilution methods were previously
described by Wang et al. (2001). Briefly, duplicate antibiotics were serially made
twofold dilution in a 50 ul of FMS broth in sterile 96-well, flat-bottomed
microtitration plates. The 150 ul of FMS broth containing MG organisms was added
to each well containing antibiotics. The final MG organisms approximately 10°
CFU/ml and the concentrations of antibiotics were 50, 25, 12.5, 6.25, 3.125, 1.563,
0.792, 0.396, 0.198, and 0.099 pg/ml. The positive and negative controls consisting
of only MG organisms and FMS broth, respectively, were also included in each plate.
The MICs were recorded on days 1, 2 and 7 after the positive control broth color was
changed. The final MIC was observed after 14 days of incubation. The lowest
concentration of each antibiotic that completely prevented the broth change of color

from red to yellow was considered as MIC.
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3. Results

Twenty MG isolates were identified by the direct immunofluorescence test.
All twenty MG isolates were confirmed by PCR (Fig 1). All MG isolates were
subsequently differentiated by RAPD with 2 sets of primers. Geary primer set could
amplify and differentiate into 5 groups (A —E) (Fig 2), but the other 6 isolates could
not be amplified then designed as unclassified group. However, the Fan primer set
could identify all 5 different groups (Fig 3). All 5 groups amplified by both primer
sets were concordance in each others. MG isolates classified in the same group were
originated from the same or nearby district; however, all 5 groups were isolated from
different farm locations. Furthermore, MG isolated in this study originated from the
field strains, not originated from vaccine strains (Fig 2 and 3). In this study, all 20
MG isolates were further determined the MIC of antibiotics.

The MICs of the tested antibiotics including chlortetracycline, doxycycline,
enrofloxacin, josamycin, josamycin combined with trimethoprim, lincomycin,
oxytetracycline, tiamulin, tilmicosin, and tylosin against 20 MG isolates and four
reference strains were shown in Table 1. The MICs against 20 MG isolates were
classified into 8 ranges; 0.099 pg/ml as tiamulin, 0.099 — 0.792 pg/ml as doxycycline,
0.099 — 1.563 pg/ml as oxytetracycline and tylosin, 0.198 — 6.25 pg/ml as
chlortetracycline, 0.396 — 6.25 pg/ml as enrofloxacin, 0.099 — 12.5 pg/ml as
lincomycin and tilmicosin, 0.099 — 50 pg/ml as erythromycin and josamycin
combined with trimethoprim, 0.198 — 50 pg/ml as josamycin. The MICs against MG
reference strains including F, ts-11, 6/85 and S6 were classified into 3 ranges; 0.099 —
0.396 pg/ml as doxycycline, enrofloxacin, erythromycin, josamycin, josamycin

combined with trimethoprim, tiamulin, tilmicosin and tylosin, 0.396 — 3.125 pg/ml as



14

oxytetracycline, and chlortetracycline, and 1.563 — 3.125 pg/ml as lincomycin,
respectively.

Group A consisted of 3 MG isolates which showed the low levels of MICs of
antibiotics including tiamulin, erythromycin, and doxycycline. Group B gave the low
levels of MICs of antibiotics including doxycycline, tiamulin, and tylosin. Group C
consisted of 4 MG isolates which gave the low levels of MICs of antibiotics including
tiamulin, erythromycin, tilmicosin, and tylosin. Group D consisted of 4 MG isolates
which gave the low levels of MICs of antibiotics including tiamulin, tylosin, and
oxytetracycline. Group E consisted of 2 MG isolates which gave the low levels of
MICs of antibiotics including tiamulin, doxycycline, and oxytetracycline.
Unclassified group consisted of 6 MG isolates which gave the low levels of MICs of
antibiotics including oxytetracycline, tiamulin, tilmicosin and tylosin. MG isolated in
each group showed the similar or not wide range of MICs.

In this study, doxycycline and tiamulin gave the lowest level of MIC against
all tested MG, whereas the oxytetracycline and tylosin had slightly higher level of
MIC. Meanwhile, the MICs of erythromycin, josamycin and josamycin combined
with trimethoprim were lower compared to other remaining antimicrobials except for
groups B and E. In general, chlortetracycline, enrofloxacin and lincomycin had
higher MICs, whereas tilmicosin showed a fluctuation of MIC levels depending on

MG isolates.
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4. Discussion

In this study, MG were isolated and identified by culture, and PCR methods,
which are known as a gold standard diagnosis (Ley, 2003). Furthermore, all MG
isolates were confirmed by direct immunofluorescence technique, which have been
widely used in several laboratories (Gardella et al., 1983; Talkington and Kleven,
1983).

For the MG differentiation, primers designed by Geary et al. (1994) and Fan et
al. (1995) were used in this study. Both sets of primers could relatively classify the
Thai MG isolates into 5 groups (A, B, C, D, and E). RAPD analyses are useful for
MG group identification and for molecular epidemiology (Ley et al., 1997). It was
found that all 5 MG groups originated from different farm locations. This study also
suggested that MG outbreaks in the same or nearby district were caused by the same
isolate of MG.

At present, there were no studies on in vitro antimicrobial sensitivities and
MIC against the MG isolates of Thailand. Numerous types of antibiotics have
extensively applied to prevent and control MG infection. Therefore, chances of the
antibiotic resistance developed in a farm are probably high (Lin, 1987). Due to the
first MG study in Thailand, it is difficult to determine the differences in resistance
among MG groups; therefore, this study has used S6 strain and other live vaccine
strains including 6/85, ts-11 and F as reference strains compared with local isolates.

The liquid method for MICs against MG was determined in this study because
of the simple and convenient method compared to agar or solid method (Hannan,
2000). Furthermore, the inhibitory zone of the agar method against MG has not been
determined for some antibiotics (Jordan and Horrocks, 1996). Generally, the FMS

broth medium usually consists of penicillin antibiotic, which inhibits the growth of
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the other bacteria. In this study, penicillin was not added into the broth medium
because all isolated MG were not contaminated by other bacteria. In addition, the
effect of incompatibility between penicillin and tested antibiotics was not involved in
this study. However, penicillin antibiotic can be added into the broth medium without
any effects on MIC results (Whithear et al., 1983).

The MIC of tiamulin in the present study was the lowest, agreed to other
reports (Jordan and Knight, 1984; Lin, 1987). This was possibly due to a little or
rarely use of tiamulin in prevention and treatment of MG infection. Furthermore,
there is a major concern on the adverse drug effect on the chicken health when used in
combination with monensin, narasin, and salinomycin. Nevertheless, several groups
reported that tiamulin is more effective to MG than tylosin, chlortetracycline, and
erythromycin (Baughn et al., 1978; Jordan and Knight, 1984).

Doxycycline and oxytetracycline but not chlortetracycline showed a favorable
MIC result at the concentration less than 0.396 pg/ml. The result was similar to the
previous reports (Kleven and Anderson, 1971; Newnham, 1963). In this study, we
demonstrated the resistance of MG to chlortetracycline possibly due to its frequent
usage for a long period of time. The low MIC levels of doxycycline and
oxytetracycline was probably because these antibiotics were just recently introduced
in Thailand.

Interestingly, some macrolides such as erythromycin, josamycin, and
tilmicosin gave a wide range of MICs. This is similar to the findings of Wu et al.
(2005) that a high resistance to erythromycin and tilmicosin can be developed easily
as quickly as within 8 passages. The resistance of erythromycin and related
antibiotics to MG is probably due to mutations in the domain V loop of the 23S rRNA

gene, leading to a reduction in the affinity of macrolides to ribosome (Lucier et al.,
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1995; Gautier-Bouchardon et al., 2002, Wu et al., 2005). For this study, the used MG
cultures were the first or second passage, thus it is unlikely test resistance was induced
during the passage. However, the history of antibiotics uses in most of the farms
indicated the use of prevention program with these antibiotics. Therefore, a wide
range of MICs was possibly due to frequent usage of the antibiotics.

Groups A, C, and D exhibited similar profile of the MICs. Groups B and E of
MG are likely to give such high MIC values compared with others. From the RAPD
observation, the banding patterns obtained from groups B and E were also similar
compared to each other. Furthermore, both groups were isolated from the adjacent
farms. This indicated that groups B and E probably shared a conserved region
resulting in a similar level of MICs.

In conclusion, the Thai MG isolates could be differentiated into 5 groups, and
6 unclassified isolates. The antibiotics, tiamulin and doxycycline both had the lowest
MIC values against all 5 MG groups. Tylosin, oxytetracycline, chlortetracycline and
enrofloxacin showed moderately inhibitory effect against MG. Erythromycin,
josamycin, josamycin combined with trimethoprim, tilmicosin and lincomycin had a
wide range of MIC values depending on a group of MG. To our knowledge, this is
the first MIC determinations against Thai isolates. These data will be useful for the
health management of poultry industry and a guideline for treatment of MG infection

in poultry industry in Thailand.
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Table 1. MICs (png/ml) against 5 local MG groups (A, B, C, D, and E), unclassified

MG group (UC) and 4 reference strains (F, ts-11, 6/85, and S6)

Groups generated by RAPD and the reference isolates

Antimicrobials A B C D E UC strain strain strain Sé6
3)* @ €)) €)) ) (6) F ts-11 6/85
0.198- 3.125- 1.563- 3.125- 0.396-
Chlortetracycline  1.563  6.25 6.25 6.25 6.25 1.563 1.563 3.125 3.125 3.125
0.099- 0.099- 0.099-
Doxycycline 0.099 0.099 0.792 0.396 0.792 0.099 0.099 0.198 0.198 0.198
0.792- 0.792- 1.563- 3.125- 0.396-
Enrofloxacin 3.125 3.125 3.125 6.25 6.25 3.125 0.099 0.099 0.099 0.099
0.099- 0.099- 0.099-
Erythromycin 0.198 >50 0.099 12.5 >50 3.125 0.099 0.099 0.099 0.099
0.396- 0.198- 6.25- 0.198-
Josamycin 0396 >50 0.79 1.563 50 6.25 0.099 0.099 0.198 0.396
Josamycin 0.099- 0.099- 0.099-
+Trimetoprim 1.563 >50 0.099 25 >50 0.792  0.099 N.D. 0.099 0.099
0.099- 0.792- 1.563- 0.198-
Lincomycin 3.125 125  3.125 3.125 6.25 1.563 1.563 1.563 3.125 3.125
0.099- 0.099- 0.099-
Oxytetracycline 1.563 0.396 0.198 0.198 0.396 0.099 0.396 0.792 3.125 0.792
Tiamulin 0.099 0.099 0.099 0.099 0.099 0.099 0.099 0.099 0.099 0.099
1.563- 3.125-
Tilmicosin 0.099 12.5 0.099 0.099 12.5 0.099  0.099 0.099 0.099 0.099
0.792-
Tylosin 0.099 1.563 0.099 0.099 1.563 0.099 0.099 0.099 0.099 0.099

N.D. = not determined

* (1) = numbers of isolates of each MG group



Fig. 1. Gel electrophoresis analysis of MG DNA amplicon (185 bp). Lane 1: 100-bp ladder, 2;

negative control, 3; 6/85, 4: ts-11, 5: F strain, 6; S0 strain, lane 7 —14 are samples from field
1solates.

Lane 1 2 3 4 5 & 7 8 9 10 11 12 13 14

-— 185 bage pairs
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Fig. 2. RAPD analysis by Geary primer set. Lanes 1 and 16: 100-bp ladder, 2: and 17:
negative control, 3: 6/85, 4: ts-11, 5: F strain, 6: S6 strain, 7 — 15 and 18 — 28 are samples
from field isolates. A-E are groups generated by RAPD

A AABCD D C C EDDOC D C E D D

Lane 1 2 3 4 5 & 7 8 &% 1011 12 13 14 15

16 17 18 1% 20 21 22 23 24 25 26 27 28




Fig. 3. RAPD analysis by Fan primer set. Lanes 1 and 14: 100-bp ladder, 2: and 15:

negative control, 3: and 16: 6/85, 4: ts-11, 5 and 17: F strain, 6 — 13 and 18 - 19:
samples are field isolates. A-E are groups generated by RAPD

Lane 1 2 3 4 5 & 7 3 g 1w 11 12z 13 4 15 16 17 18
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J . o . ¥
A1 minimum inhibitory concentration (MIC) PagsdataNa lulssnalne
(MWAde: atluayulngAnzNIsiNIIgANANENINALAINUNeUATIIAYWN N4

1l 2547: MGF4780010)

nsAnesEAUAMHdNduIesenTusAngn (minimum inhibitory concentration;
MIC) Wanunsadugsnisasnyredeitnaluanmsiaaadamas  aaaaeuaiuanliain
WsulAUFnauniAnauaznARzduaantadlssmding  ssudnetl WA, 2545 - 2546
AU 20 18 LATHINIHIUNNIAALINNgNALATIALAEWE  (randomly amplified
polymorphic DNA) 99 fingerprinting procedure Tmﬂéﬁﬁlu ﬁﬁ@\iﬂﬁ‘iﬁlmﬂ@\mm%m
21g9ANanT AnzARaunmeAans ananIninInende 1A wiu 5 nqu (A, B, C, D,

?:/ ) dgj @ 1 dg/ o =S o acn

and E) antiutia@aidna 5 nguinaianisanminafnulaininidsnisues Wang uazanse
(2001) nsAnwATEldaLfTusnldFunsTunsdausnlulsumalve waz liuasianis
SnenlsafameresszuunuRungla waz/vise lsainmedalanaiann Al

ﬂ@:m tetracyclines I&un chlortetracycline, doxycycline, oxytetracycline udu

ngw macrolides 14un erythromycin, tylosin, tilmicosin, josamycin Ll

ngqw fluoroquinolones l&un enrofloxacin 1wy

! . . % . . [~ £
NQH lincosamides Taun lincomycin 1116

ngw pleuromutilins lAun tiamulin s

ANMsAnEASsinLd A1 MIC [;l:'lzﬁﬂﬁ’ﬂ Haandvirawindy 0.099 ug/ml Ag
doxycycline Wag tiamulin A1 MIC $21914 0.198 — 0.395 ug/ml A. oxytetracycline A1 MIC
951919 0.099 — 1.563 pg/ml AR tylosin A1 MIC 351919 1.563 — 3.125 pg/ml A
enrofloxacin A1 MIC 3219749 1.563 — 6.25 pg/ml A8 chlortetracycline It A1 MIC 199
josamycin, josamycin combined with trimethoprim, lincomycin Wag tilmicosin ALY
WANFNIWAR T¥1979 0.198 — 1NN91 50, Waendn 0.099 — 1NN 50, 3.125 — 12.5, WAy

#aendn 0.099 — 12.5 pg/mi ANNANAL (rﬁm‘wﬁ 1)
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A59N 1 wanA1szAUANIdNTuLedeUTusAgA  (minimum  inhibitory
concentration; MIC) gnunsaduganisiasyrediiaidnaluanynnaaadoial JmaLiua
HuenlfannnfulnudnanianataasnIAnSuaanaadlssmn A lnessndnatl w.@. 2545 —

2546 AU 5 N

MG Group
Antimicrobial (ug/ml) A B C D E

Chlortetracycline < 1.563 <6.25 <3.125 <1.563 <3.125
Doxycycline < 0.099 < 0.099 < 0.099 < 0.099 < 0.099
Enrofloxacin <3.125 <3.125 <1.563 < 1.563 <3.125

Erythromycin < 0.099 > 50 < 0.099 < 0.099 > 50

Josamycin <0.395 > 50 <0.395 <0.198 > 50

Josamycin+Trimethoprim < 0.099 > 50 < 0.099 < 0.099 > 50
Lincomycin <3.125 <125 <3.125 <3.125 <6.25
Oxytetracycline <0.395 <0.395 <0.198 <0.198 <0.395
Tiamulin <0.099 < 0.099 < 0.099 < 0.099 < 0.099
Tilmicosin < 0.099 <125 < 0.099 < 0.099 <125
Tylosin < 0.099 <1.563 < 0.099 < 0.099 <1.563

AINANTII 1 NUFIAT MIC 2edendfioussiemeifnaudaznguiaauuansieii
FoniFeumeuiual MIC 2esendTousdemedun ulnnuenlfluislssmanaeany
a2 Burch way Valks (2002) wuq1 A1 MIC 99921 doxycycline, oxytetracycline, tiamulin

waz tylosin siaadnanuenlsainiisulnasslssmalneag ludaauneaiuiuaesdn MIC

L XA g oad ' a
°l|'ﬂ\1f;|']L‘Viﬂqum‘ﬂLmﬂL@N@VILLﬂﬂ1mumqﬁﬂ?$LVlﬂ (199N 2)
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A1519N 2: AN MIC samadualulnnuanlalulsemenazsnatssing °

Antimicrobial Thai MG isolates Non Thai MG isolates
(ug/ml) (5) (241)
Chlortetracycline 1.563-6.25 0.05-1.56
Doxycycline <0.099 0.006 - 0.2
Enrofloxacin 1.563 -3.125 0.01-2.0
Erythromycin <0.099 - 50 1.5-75 °
Josamycin 0.198 - 50 2.7 °
Josamycin+Trimethoprim <0.099 - 50 no data
Lincomycin 3.125-12.5 3"
Oxytetracycline 0.198 - 0.396 0.05 - 200
Tiamulin < 0.099 0.0039-0.78
Tilmicosin <0.099 - 12.5 0.002 - 0.0025 °
Tylosin < 0.099 - 1.563 0.006 - 400

® = A1 MIC 1 u1an Burch waz Valks (2002)
® = A1 MIC Wwnann Lin (1987) (maasuluamnsjuidssidadalanaiasn)

° = A1 MIC 3 u1a1n Jordan wag Horrocks (1996)

%

agalafignn  nsinwdeenddouzatsariianan  Anudindueecegegaly

1 o a a [% A o dgj dl 14 2’/ 1
WANANINIANAIRINNNIAUET  (Cmax)  UnBlunisinuvzarinanemelsaildnatiu - An
Cmax A9EININAT MIC anseiiAmudnduaasenlunanadiniendsaniuenudn 12
Flua (C12 hrs) WuLluN1INANTUIINNEIRNNNNTAUEIRAY 12 FaTia TAdududuueden
Tunanaduniaaiiesls gandnvisesindn MIC Seiluasianislienine laun anflugdes
Tiugnsatlawsald  sraznainisgatuainiendsainnisiudignsviaaaniiavsad

1 -lil o 1 < A v 1 o 1 d”d ' o

at19ls wananUnsdnenaanaInswnaiiTatiadngls dadumantiiinasanisinem

pRamaalANaNgNT (119197 3)

I Y v dl dl 1 A o
AAHNd IR lunaIasT 1Te steady state ImeANUIRIATINLENM
AHdRduBasenAandsaInnIsiuen naenzan lugtlasanaiivsananluams - uay

¥ 1 dl 1 o A ¥ ¥ A 1
AN ULRIENNINNILTAARAN INHUTNNANITNDUIALN A
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o - o . &

INAITNA 3 WUIIAT C12 hrs 2B9ENALAAI LA AARIRENININ WaNaINTeN
UNaNgN i tilmicosin wudn guuuunnszdnenasnaindangAeudneg an1sAnmag
wédsaarimans Taelien timicosin unlinsememuaniauuzin wudn ayyaa9end
ANANG (residues) lAULR99UN 3 AR 2.6 ppm LAz 1899UR 17 A 0.13 ppm (Botsoglou
and Fletouris, 2001) uansingnaiiatinsat]lusanigliunuiazeadoedussaavizeiians
T lAe19uNUAN wefeIRanTnsTazinaInN1IAnAfsTadesn luile e viTenaRA A ndnd

X a Ho | X A Y = o = v w
wanani engiaiifiaunsnasegluiletiatenlduiui 48 4ol Tnadiaonududuses
21 2.30 + 0.72 p/g 2eailaitiatlan (Warren et al., 1997) anNnN1sAN®I189 Bernard LA

Shryock (1998) wusnaaanaanvinutihAiiuAudwlanilass (phagocytes) a1119000

1 1
o A a = a

=& 1 a dIQ d’l @ v ] a v [ = d’l :l/ %
%Nﬂ’]LL@tﬂT$@’]ﬂ1ﬂ§Uﬁ‘L%MWlﬂmﬂjﬂLﬂll’ﬂﬂ EARANANABDINNANITUTLIUNNNNTAA LT D ULF BN
P & X = o o o a Y @ a Ay o o
NVI@@@L@’ﬂmiﬂﬁﬂfﬂL@EQ@quwqﬂq??ﬂHq1ﬂN@ I@ﬂﬂﬂWQ\?@NHHL‘UHU?LQMWVLNNV@@ﬂL@‘ﬂ@
VX A o P o A @ A o Y A s a a
HNVARLAENNTANVRRALADALRAEININ Lu'ﬂ\iqf]ﬂLQJﬂL@ﬂ@m"]qquﬂuqmLﬂUﬂu@QLLﬂ@ﬂﬂ@ﬂN

tuazanduatinialunaaniaen
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A1599 3: Avndaaaiirnans (pharmacokinetic data) 248U Tauzsing < luln

Conc. in Steady
Antimicrobial Dose water C max C12 hrs state Reference
(mg/kg) (ppm) (ug/ml) (ug/ml) (ug/ml)
Chlortetracycline 25 0.2 0.04
50 0.4 0.14
100 2 0.2 Williams (1954)
16 200 0.2
32 400 0.35
64 800 0.55 Ziv et al. (1997)
Doxycycline 20 54.58 7 Anadon et al. (1994)
11-15 100 2.2 19-22 Espigol et al. (1997)
Enrofloxacin 10 1.88 0.25 Knoll et al. (1999)
10 60 - 65 0.84 Ganiere et al. (1997)
Oxytetracycline 25 0.4 0.1
50 0.7 0.14
100 2 14 Williams (1954)
Tiamulin 25 1.7 0.17
Laber and Schutze
50 3.56 0.59 (1977)
125 0.65 0.38 (Reviewed by
250 14 0.78 Burch and Valks, 2002)
(Reviewed by
Tylosin 50 4.2 0.25 Burch and Valks, 2002)
(Reviewed by
500 0.2 0.12 Burch and Valks, 2002)

Cmax = Anuidinduresengegalunaiaiiniedsaniuen

C12 hrs = Anudinduaasenlunaraninianasaniuenuan 12 dalug

Steady state = paNdd IR RAT lUNAENN

Doxycycline Az oxytetracycline fluenijdousiian MIC Aeudiesndniy

= e Xa 2o, " | S
NTANHIATIH ANTI9A1 Cmax waz AN laaeen (sensitive) ﬂgiuLﬂmmmm ALUANANEN
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aRARAINNIAIR™NUNIIANAN Ll AudN9ENNWIuDe 13 Fu aannng et laifuen
oxytetracycline azan8tNFAARAUWU 7 J1 (Botsoglou and Fletouris, 2001)

=

Tiamulin 1fuenUfTousnfiA1 MIC Afigadmiunisfneafildaudn Cmax &

FLALANTNZINGIAN MIC 991D9AN steady state Uaz AN lanasenag lunusinGg (113199 4
Ay o o v ¥ ad a d’/ A 4 Y v o [ .

war 5) uddedndindiunisldanddousaiinll Reviulddauiuiuaniulia  monensin,
. . . dla ! ° o ¥ ad a d’l a ?.l/

narasin WAy salinomycin lutxnauiifiundiAuuziinzesnisldendjaousaiinil Hastiu

anaazilufwsasaln Tnang viredndaiinau

A9 4: NTLfFHLINLITUIINAT Cmax waz steady state WAz A1 MIC 289enfjdaus

samaeNANLen dlulszmalne (pg/mi)

Antimicrobial MIC Cmax Steady state
Chlortetracycline 1.563 - 6.25 2 0.55
Doxycycline 0.099 54.58 2.1
Enrofloxacin 1.563 - 3.125 1.88 0.84
Oxytetracycline 0.198 - 0.396 2 no data
Tiamulin 0.099 3.56 0.78
Tylosin 0.099 - 1.563 4.2 0.12

AINNNIANEI28Y Lin (1987) enUfTaushiiAn MIC,, (Avndinduaesenifaouy
ANgaNaInInduInIsasyIemaIiNAlAaIuIL 90 FdetinaaInaul 100 Fetned
=] % 1 J
Anwn) lenanaqn

A1 MIC,, Haendn 5 ug/ml 4ndn Hilsz@nsnmangalunismaumulsadelananaly
Fa luvinan

J o A a a a o a

AN MIC,, 6 - 10 pg/ml Apglsc@nsninalunispruaulsadalanaalnia

I [ % oA a a o

A1 MIC,, 21 - 30 pg/ml apdddszansnniunanslunisrauanlsadalanaialy
8 HasansziuAnudniureseljaausnniinsine lunszuaineniiu gandiAl MIC 1
Tnagunsnduganisasyaesdaialanaiant uazananuguusaesseslsalulnls

AN MIC,, ¥1nN31 30 pg/ml dpdnlidtlsyansniwlunismunulsadalanaialuida
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AINNM939UTINTRYATA Hannan (2000) NHNSHMLAAT MIC udanfFaumany
AN ar89en (sensitive) AN 1AL UNAN (intermediate) WAZAINNFEIUNTY (resistant) 5D
1 dl

dal’ c = ' al da’ | ] N ¥ ad ! o :1/
Tatna aAnuansiiifuandoglunisutlana LL@Zﬂ’W?L@ﬂﬂslfﬁﬂﬁﬂ{]sﬂ']utﬁl'ﬂﬂﬁﬁ‘ﬂﬁ_lﬂ\m’]ﬁ‘

a Aﬂi’ @ dl
LRTTYABILTALANA (ANFNN 5)

A5 5 A1 MIC 2esentTausiiuanssziuadinlazesen (sensitive) Avnlatunang

(intermediate) WAL ANNAIUNIY (resistant) ABLTBLAENA

Antimicrobial A1 MIC (ug/ml)
Sensitive Intermediate Resistant

Enrofloxacin <0.05 <1 >2
Erythromycin <1 <2 >4
Josamycin <2-8 <8 > 8
Lincomycin <2-8 <8 >8
Oxytetracycline <4 8 > 16
Tiamulin <8 - > 16
Tylosin <1 <2 >4

AN1: FALUAINIAINA999LT9NLR9 Hannan (2000) p: 391

1% a 4;: s A
MsspylsaAmsaoud
d’l’ & aa | asa a [ 1 I = .
1. wadnanaNleenUfTusanaatinliun nguuuala@dn (macrolides) 161-
pifrAdL (tetracyclines) WglalsadTulau (fluoroquinolones) uazau I
2. anfmausnlinaainisninmisefngednaremianuela  wazdeean
Ty ldanuaznisundidacruld uazanaazdiaanainisaeslsa sealsa Laza uIWTaLEN
=l a
AuaINLAumela
3. Wnendfaussnepnldinuleinmednalulild  leswineiaaziinig
% ]
AnA19a89e1 Ll
4. anlfaousnisanunsldldun endenTmnirdenan (oxytetracycline) e
AABFMASTEARL (chiortetracycline) lunnseanennng  nlady (tylosin) H@NsNAUUTEAA

Winlstamils Inenydu (tiamulin) Inenyausaniuaaludedu (salinomycin) awstInsiadu
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(streptomycin) lalalnsawmstingdadw (dihydrostreptomycin) 3nssiad (erythromycin)
alissivdu (spiramycin) Walalsndlulan uaziiailaGu (timicosin)
g a1 nsan1 levanisuanen e nanenluin visaduanidlumesa

Tnanyan Wnldsouiueduialuuwwiy wdu wazsaluiedu wiaunsnld
] o v a o &I ¥
fanfiueniulindaauls

|t§ll @ A ] g s N ad a o A ¥ M
5. ﬂ??ﬂQU@Nﬂ’]?LLW?Lﬂ@Lﬂ&l“‘]ﬁi’]uhl mmmﬂmmmﬂgmumuimLﬂmmumaﬂm

'
a o A

A 1 ' %’ dl ad a A Y A ¥
M?ﬂﬂﬂiﬂluuqﬂN@NEI’]ﬂ{]TQHZiVII@%MM?@ mummmumﬂmqmuﬂu BAZAITNAUN

a

a

1 al 1 6 © 6 dgj = a dl
WNNZAN weiaNaazluasn e fbiuannwazniIsuiauannuuAnsaTilngls
6. N9nndnlanRnTaENAReRENNg U JEauenneTugeln (mass antimicrobial
therapy) 274l lfnan1unAIARd mewéqﬁqﬁqmmﬁjwwLma:rgﬁ@ LATNNTANANNUDY

e lUNARNA D

undgil

= Y A e o X o A A p o ax
N@ﬂq?ﬂﬂﬁqﬂ?quLﬂuﬂﬂH@L‘].l‘ﬂ\‘]muluﬂ"lﬁ‘wqzwqqﬁ‘m’ﬂuﬂqﬂ@ﬂﬂjﬂjﬂqﬂﬂﬁmugiu

al

o A o a d’l < A df ¥ v 1 1 d’l [ dld
N1TAILAN tlasriu virefnelsnRnTaIBNa GHQEQIJL‘LIEHPLWE"JU?'JNWH MIC AaLTIaRNAANNNN

~ ~ o X & o o ' = ]
ﬂq??qﬂ\iqumﬂQWWQﬂﬁ‘ngﬂLWﬂLlﬁﬂULVIHUﬂUﬂq MIC RaLTEaLRNIABILINLLT) ‘ﬂﬂﬂﬂiiﬂﬁlﬁum
] v

aal A o o Y & A 1y o A A Iy
MIC ﬂﬂﬁﬂqﬂgeﬂquzsﬁu@LﬂﬂQﬂum@L'T]‘ﬂLQNWUWQﬂQNVIWUi‘HUquL?’]uu UA1 MIC NABRUINN

= o

1 [ dl dal [~3 dl =® a d’j 1 ad a :j/
LANFAINNURNAULRANANN LERLANINUINIANTILN mmm@mmﬂgmumumuu

< ¥ o o

¥ ad 14 a d” < A ij/ o A o
nsldendfaauclilinansiemeiduaiu  fuvidesieangnaasiesdudalnemss
o o d’l c A 1 = o = a a dld dil < A 3 %
AudaEeesa  usiwindnisdniauwuuvuesvise iduAguBumilTedaa  inlden
dougldansounsninulnisuirenuesdilUdndatumedna  @ednailigninane
’ C ¥ ewe a4 o« s . gy
fapen Aol Folndepsili@ednasiell  wiennisuazpanguussaedlspia@en liuang
aenu1etapTuldies el fgaus WiluiseduduiserianadeuuanGauwnindeuany
XX & a = a o ) < o Y i -
wananiiIelinaenatininzAniugean (airsacs) avgeaniuedtazilifivaeniaanin
. X ° ¥ aa dl | = ' ' [% o q & o
wasiags M lienUfTausneg lunszuaimen lanunsniwdn ldvinanemegua
o o a dil c v ac 13 ada 1 . . .
nsnndnlsannTeLdnafaedanisidenUfzeusnialugeln  (mass  antimicrobial
W v ~ o o & = Py a %
therapy) 818l N NAAIANGY uazAYIAITRTINAINANNINATEFAA LATNIIANATNTEY

enlundndnsiandnd  winisineaneeazilunisussmiANuusTedlsAkaTAN
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qouideamamssgnaluszazdu unndudlunisuddymszazens uazdniluegnaganazi

o

Winhsudaenanniaeidnasaeiasig o drAtyaspntaenienisTanin (biosecurity)
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Abstract

In this study, molecular characterization and determination of antimicrobial
resistance of Mycoplasma gallisepticum (MG) isolates obtained from chicken farms
from the eastern and central part of Thailand was investigated. Twenty MG isolates
and the reference strains including S6, F, ts-11, and 6/85 were characterized and
classified by the RAPD patterns and further used for determination of the minimum
inhibitory concentration (MIC) levels of eleven registered antibiotics. The results
revealed that the 20 isolates of the identified MG could be classified nto 5 groups (A
— E) and 1 unclassified group. Interestingly, the MG isolated from same or nearby
district exhibited similar RAPD pattern. The overall means MICs were
chlortetracycline (2.73 pg/ml), doxycycline (0.20 pg/ml), enrofloxacin (2.46 pg/ml),
erytiromycin (8.80 pg/ml), josamycin (7.25 pg/ml), josamycin combined with
trimethoprim (9.40 pg/ml), lincomycin (2.50 pg/ml), oxytetracycline (0.25 pg/ml),
tiamulin (0.10 pg/ml), tilmicosin (1.93 pg/ml) and tylosin (0.33 pg/ml). Break point
comparisons suggested that the Thai MG isolates were sensitive to lincomycin,
oxytetracycline, tiamulin and tylosin, intermediately sensitive to josamycin and
resistant to enrofloxacin and erythromycin. The results also indicated that MG
isolated from the same or nearby district had similar patterns of antimicrobial
resistance and the frequent use of antibiotics could be related to the patterns of

antimicrobial resistance among the MG isolates. To our knowledge, these results are
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3
the first report of molecular characterization and MIC values against MG isolates in
Thailand. The information from this result will be useful for planning of the effective
prophylactic and therapeutic programs.

Keywords: Mycoplasma gallisepticum; RAPD; MIC; Chicken; Thailand; Antibiotics
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1. Introduction

Mycoplasma gallisepticum (MG) infection is commonly referred to a chronic
respiratory disease (CRD) of chickens (Ley, 2003). MG is able to transmit by
horizontal and/or vertical routes. Affected birds exhibit respiratory signs including
rales, sneezing, nasal and ocular discharges and even death. MG infection also has
adverse effects on feed conversion rate, weight gain, egg production (Ley, 2003).
Airsacculitis due to MG infections is mostly the cause of increasing condemnation at
the processing plants. Various diagnostic methods have been used to identify the
infection such as serum plate agglutination, ELISA, microbial culture and polymerase
chain reaction (PCR) (Kleven and Yoder, 1989; Lauerman, 1998).

Prevention and control is the important methods to manage MG infection.
One of the practical ways to control and reduce the economic loss by MG infection is
the use of antibiotics. Several antibiotics have been widely used for the control and
prevention of avian mycoplasmas in poultry industry worldwide. For in vitro study
against various veterinary mycoplasmas, many groups of antibiotics including
macrolides, tetracyclines, pleuromutilin, and fluoroquinolones were shown to be
effective (Bradbury et al., 1994; Hannan et al., 1997). It has also been observed that
antibiotic usage for a long period of time can induce antibiotic resistance to the MG
organisms (Lin, 1987; Gautier-Bouchardon et al., 2002). Therefore, antibiotic
sensitivity test should be determined prior to launching a massive treatment. The Thai
poultry industry has been using several antibiotics including chlortetracycline,
doxycycline, enrofloxacin, erythromycin, josamycin, the combination of josamycin
and trimethoprim, lincomycin, oxytetracycline, tiamulin, tilmicosin, and tylosin for

the treatment of MG infection. However, information regarding the minimum
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inhibitory concentration (MIC) of these drugs against MG isolates in Thailand has
never been determined.

The purpose of this study was to characterize the MG isolated from chicken
farms in Thailand, using randomly amplified polymorphic DNA (RAPD) analysis.
Furthermore, the minimum inhibitory concentration (MIC) levels against these MG

isolates were determined.

2. Materials and methods
2.1 Media

All mycoplasmas were cultured in Frey’s broth medium (GIBCO Diagnostics,
Madison, Wisconsin) described by Kleven and Yoder, 1989. The sterile broth was
supplemented with 15% swine serum, dextrose, cysteine, nicotinamide adenine
dinucleotide, penicillin, thallium acetate, and phenol, and referred as Frey’s broth
medium supplemented with swine serum (FMS). For determination of MIC values,
penicillin was omitted in FMS. The agar medium was prepared by addition of 1%
agar medium (Noble agar, Difco® Becton Dickinson, MD, USA) to the FMS with the
exception of phenol red.
2.2 Isolation and identification of the field isolates

Samples (15 samples /farm) were collected from 15 broiler farms and 30
broiler breeder farms from the central and eastern part of Thailand. Microbial
cultures were obtained from tracheal swabs. The samples were inoculated into broth
medium, and incubated at 37 °C. When the broth color changed from red to orange or
yellow, the cultured broths were then plated onto the agar medium and further
incubated at 37 °C. Mycoplasma gallisepticum colonies were identified by a direct

immunofluorescent assay (Kleven and Yoder, 1989) using fluorescein-conjugated
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rabbit antiserum provided by S.H. Kleven (Department of Avian Medicine, University
of Georgia, Athens, GA). The original MG cultures in the broth medium were then
passaged and propagated until log phase, then aliquoted and stored at —70 °C until
used.

2.3 MG reference strains

MG S6 strain (ATCC 15302) was obtained from American Type Culture
Collection. MG F (Schering-Plough Animal Health, Thailand), ts-11 (Fort Dodge
Animal Health, Thailand) and 6/85 (Nobilis®, Intervet International B.V., Thailand)
vaccine strains were provided by local distributors.

2.4 Preparation of MG DNA for randomly amplified polymorphic DNA (RAPD)

The preparation of MG DNA was performed using the previously described
protocol (Ley et al., 1997). Briefly, two ml of MG aliquot cultures consisting of
approximately 10° colony forming unit (CFU) were pelleted by centrifugation, washed
twice with phosphate-buffered saline (PBS), and resuspended with 25 pl of PBS. The
pellet was then boiled for 10 min, quickly placed on ice for 5 min, and centrifuged.
The supernatant containing DNA was collected and stored at 4 °C for further PCR and
RAPD analyses.

2.5 PCR reaction

Amplified reaction was performed in a 50 pl volume using the previously
described protocol (Lauermann, 1998), each PCR mixture consisted of 2.5 mM
MgCl,, 1 mM dNTP (Fermentas, USA), 10 pmole primer F (5
GAGCTAATCTGTAAAGTTGGTC 3’), 10 pmole primer R (5
GCTTCCTTGCGGTTAGCAAC 3°) (Qiagen, Germany), 2.5 U of Taq polymerase
(Fermentas, USA), and 5 pl of MG DNA. Each reaction was performed concurrently

with the S6 strain as a positive and the distilled water as a negative control. The
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7
amplification conditions were 94 °C for 30 sec, 55 °C for 30 sec, and 72 °C for 1 min
for 40 cycles. The final extension cycles were 72 °C for 5 min. The expected
amplification product was 185 base pairs (bp).

2.6 RAPD reaction

The primer set for RAPD analyses were modified from Ley et al. (1997).
Briefly, Geary primer set (Geary et al., 1994) was performed in a 50 pl volume, each
RAPD mixture consisted of 2 mM MgCl,, 1| mM dNTP (Fermentas, USA), 500 ng
primer 1254 (5> CCGCAGCCAA 3°) (Qiagen, Germany), 2.5 U of Taq polymerase
(Fermentas, USA) and 1 pl of MG DNA containing 50 to 100 ng DNA. The
amplification conditions were performed starting with four cycles of 94 °C for 5 min,
36 °C for 5 min, and 72 °C for 5 min, ended by 30 cycles of 94 °C for 1 min, 36 °C for
1 min, and 72 °C for 1 min, and finally a cycle of 72 °C for 10 min. The PCR banding
pattern or genotypic profile was analyzed by agarose gel electrophoresis.
2.7 Gelelectrophoresis

A volume of 10 pl of the amplified DNA products was loaded to 2 % agarose
(Pharmacia Biotech AB, Uppsala, Sweden) gels, and separated by agarose gel
electrophoresis. The gel was stained with 0.5 plg/ml ethidium bromide, and analyzed
by gel documentation system (Vilber Lourmat, France).
2.8 Antibiotics

All tested antibiotics were registered and approved by Food and Drug
Administration, Ministry of Public Health, Thailand. Eleven antibiotics including
chlortetracycline, doxycycline, enrofloxacin, josamycin, josamycin combined with
trimethoprim, lincomycin, oxytetracycline, tiamulin, tilmicosin, and tylosin were used

in this study. All drugs were formulated and diluted in FMS broth.
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2.9 Titration of inoculum

Each isolate from frozen stocks was 10-folded, serially dilution in FMS broth
then dropped on a FMS agar plate, and incubated at 37 °C for 7 days. All cultured
broths and agar plates were observed twice daily until the color of the broth medium
changed to yellow color and the colony was found on the agar plate under an mverted
microscope. The concentration of MG on the cultured agar plates were determined as
colony forming units (CFU)/ml. The frozen stocks were used as inocula for MIC
determinations.
2.10 Determination of MICs by a serial broth dilution method

The determination of MICs by a serial broth dilution methods were previously
described by Wang et al. (2001). Briefly, duplicate wells of antibiotics were two-
folded, serially diluted in a 50 pl of FMS broth in sterile 96-well, flat-bottomed
microtitration plates. The 150 pl of FMS broth containing MG organisms was added
to each well containing antibiotics. The final concentrations of antibiotics were 50,
25, 12.5, 6.25, 3.125, 1.563, 0.792, 0.396, 0.198, and 0.099 pg/ml. The final
concentration of the MG organisms was approximately 10* CFU/ml. The positive and
negative controls consisting of only MG organisms and FMS broth, respectively, were
also mncluded in each plate. The MICs were recorded on days 1, 2 and 7 after the
positive control broth color was changed. The final MIC was assessed 14 days
following incubation. The lowest concentration of each antibiotic that completely

prevented the broth change of color from red to yellow was considered as MIC.

3. Results
One hundred and thirty four MG isolates from 12 broiler farms and 8 broiler

breeder farms were identified by the direct immunofluorescence test. All MG isolates
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were confirmed by PCR. Twenty MG isolates were chosen as the representatives of
each farm and 8 MG isolates were shown in Fig 1. All 20 MG isolates were
subsequently characterized by RAPD. The Geary primer set could amplify and
differentiate MG isolates to 5 groups (A —E), except the 2 isolates which were
designed as unclassified group (U) (Fig 2). Interestingly, MG isolates classified in the
same group were originated from the same or nearby district. But all 5 groups were
isolated from different farm locations, approximately at least 40 kilometers in distance
(data not shown). All 20 MG isolates were further determined the MIC of antibiotics.

It should be noted that the range of MIC levels among MG isolated with in the
same group were apparently similar exception with enrofloxacin and erythromycin
showed a wide range of MIC values. However, groups A, C and D showed the
similar patterns of MIC values; meanwhile, groups B and E had a wide range of the
MIC values of erythromycin, josamycin, josamycin combined with trimethoprim
lincomycin and tilmicosin. In this study, doxycycline and tiamulin gave the lowest
level of MIC against all the tested MG isolates, whereas the oxytetracycline and
tylosin had slightly higher level of MIC. In general, chlortetracycline, enrofloxacin
and lincomycin had higher MICs, whereas tilmicosin showed a fluctuation of MIC
levels depending on MG isolates. Interestingly, all tested antibiotics against all
reference strains had a narrow range of the MIC levels.

The MICs of the tested antibiotics including chlortetracycline, doxycycline,
enrofloxacin, josamycin, josamycin combined with trimethoprim, lincomycin,
oxytetracycline, tiamulin, tilmicosin, and tylosin against the 20 MG isolates and four
reference strains were shown in Table 1. Comparing with the break points of MIC
levels, all isolates were sensitive to lincomycin, oxytetracycline, tiamulin and tylosin,

whereas josamycin was possibly classified as intermediately sensitive against all
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10
isolates. Finally, enrofloxacin and erythromycin were classified as resistance.
Furthermore, all tested antibiotics could be classified as the sensitive against the
reference strains. However, antimicrobial sensitivities of chlortetracycline,
doxycycline, josamycin combined with trimethoprim and tilmicosin against MG
isolates could not be determined because there were no reports of the breakpoint data.

From history taking of each farm in groups B and E, they frequently used
antibiotics including enrofloxacin, erythromycin, and lincomycin in prevention,
control and therapeutic of respiratory diseases and vaccine reaction. In addition, the
frequent usage of enrofloxacin of farms in groups A, C and D showed similar patterns

of antimicrobial resistance (data not shown).

4. Discussion

In this study, MG were isolated and identified by culture, and PCR methods,
which are known as a gold standard diagnosis (Ley, 2003). Furthermore, all MG
isolates were confirmed by direct immunofluorescence technique, which have been
widely used in several laboratories (Gardella et al., 1983; Talkington and Kleven,
1983).

The liquid method for MICs against MG was used in this study because of the
simple and convenient method compared to agar or solid method (Hannan, 2000).
Furthermore, the inhibitory zone of the agar method against MG has not been
determined for some antibiotics (Jordan and Horrocks, 1996). Generally, the FMS
broth medium usually consists of penicillin antibiotic, which can inhibit the growth of
the other bacteria. It has also been shown that penicillin can be added into the broth

medium without any effects on MG organisms (Whithear et al., 1983). In this study,
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penicillin was not added into the broth medium; therefore, there was no interference
effect caused by interaction between penicillin and tested antibiotics in this study.

RAPD analyses are useful for MG group identification and for molecular
epidemiology (Ley et al., 1997). For characterization of the MG isolates, primer set
designed by Geary et al. (1994) was used in this study. The primer set could classify
the Thai MG isolates into 5 groups (A, B, C, D, and E). The 5 MG groups were
originated from different farm locations, suggesting that MG outbreaks in the same or
nearby district were likely to cause by the closely related MG strains. This
information should be useful for determmnation of routes of transmission and
designing of the prevention and control program of MG in each area.

Numerous types of antibiotics have extensively applied to prevent and control
MG infection. At present, there were no studies on in vitro antimicrobial sensitivities
and MIC against the MG isolates of Thailand. Therefore, chances of the antibiotic
resistance developed in a farm are probably high (Lin, 1987). Due to the limited
information, it is difficult to compare levels of antibiotic resistance among the MG
groups. Therefore, this study has used the S6 strain and other live vaccine strains
including 6/85, ts-11 and F as reference strains, which are not exposed to antibiotics
against mycoplasma, compared with MG isolates. This suggested that MG isolates of
Thailand developed the antibiotic resistance including enrofloxacin and erythromycin.

Consistent to other reports (Hannan, 2000; Jordan and Knight, 1984; Lin,
1987), the MIC of tiamulin in the present study was the lowest which could be
classified as the effective antibiotics against MG. This was possibly due to little or
rarely use of tiamulin in prevention and treatment of MG infection. Furthermore,
there is a major concern on the adverse drug effect on the chicken health when used in

combination with monensin, narasin, and salinomycin (Horrox, 1980). Nevertheless,
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several groups reported that tiamulin is more effective to MG than tylosin,
chlortetracycline, and erythromycin (Baughn et al., 1978; Jordan and Knight, 1984).

Doxycycline and oxytetracycline but not chlortetracycline showed a favorable
MIC result at the concentration less than 0.254 pg/ml. The result was similar to the
previous reports (Kleven and Anderson, 1971; Newnham, 1963). The MIC
breakpoint of oxytetracycline was greater than 16 pg/ml (reviewed in Hannan, 2000);
therefore, all isolates were susceptible to oxytetracycline. Unfortunately, microbial
resistant to doxycycline and oxytetracycline of the present study could not be
analyzed since the MIC breakpoint data of both doxycycline and chlortetracycline
have not been reported. In this study, we demonstrated the resistance of MG to
chlortetracycline. This finding is possibly due to its frequent usage of the antibiotics
for a long period of time in Thai chicken farms. The low MIC levels of doxycycline
and oxytetracycline was probably because these antibiotics were just recently
introduced in Thailand.

Some macrolides such as erythromycin, josamycin, and tilmicosin gave a wide
range of MICs. This is similar to the findings of Wu et al. (2005) that a high
resistance to erythromycin and tilmicosin can be developed as quickly as within 8
passages. The resistance of erythromycin and related antibiotics to MG is probably
due to mutations in the domain V loop of the 23S rRNA gene, leading to a reduction
in the affinity of macrolides to ribosome (Lucier et al., 1995; Gautier-Bouchardon et
al., 2002, Wu et al., 2005). For this study, the tested MG cultures were the first or
second passage, thus it is unlikely test resistance was induced during the passage.
However, the history of antibiotics uses in most of the farms indicated the use of these
antibiotics in the prevention program. Therefore, a wide range of MICs was possibly

due to frequent usage of the antibiotics.
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Interestingly, the MG isolates in groups A, C, and D exhibited similar profiles
of the MICs, while the groups B and E of MG were likely to give high MIC values
compared to others. From history taking, growers frequently use or add antibiotics in
broiler breeder feed to prevent and control of MG clinical signs. This suggested that
MG organisms in these areas possibly resist to most antibiotics that were previously
used for control and prevention of mycoplasma.
In conclusion, the 20 Thai MG isolates could be characterized into 5 groups by
RAPD analysis. All 5 MG groups were isolated from different farm locations;
however, the MG isolates in each group were originated in the same or nearby district.
In addition, all groups exhibited similar patterns of antimicrobial resistance, probably
suggesting that determination of the RAPD patterns of MG isolates may be useful for
the planning of prophylactic and therapeutic programs. Finally, the frequent use of
antibiotics could be related to the patterns of antimicrobial resistance among the MG
isolates. To our knowledge, these results are the first report of molecular
characterization and MIC values against MG isolates in Thailand. Information
obtained from this work would be useful for planning of the effective prophylactic

and therapeutic programs against MG.
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1  Table 1. MICs (pg/ml) of antibiotics against 5 local MG groups (A, B, C, D, and E),

2 unclassified MG group (U) and 4 reference strains (F, ts-11, 6/85, and S6).
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Fig. 1. Gel electrophoresis of MG DNA amplicon (185bp). Lane 1: 100-bp ladder, 2:

negative control, 3: 6/85, 5: F strain, 6: S6 strain, lane 7 — 14 some samples from field

isolates.

Fig. 2. RAPD analysis by Geary primer set. Lanes 1 and 16: 100-bp ladder, 2: and 17:
negative control, 3: 6/85, 4: ts-11, 5: F strain, 6: S6 strain, 7— 15 and 18 — 28 are samples

from field isolates. A-E are groups generated by RAPD
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Fig. 1. Gel electrophoresis of MG DNA amplicon (185bp). Lane 1: 100-
bp ladder, 2: negative control, 3: 6/85, 5: F strain, 6: 56 strain, lane 7- 14
some samples from field isolates.
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Fig. 2. RAPD analysis by Geary primer sel. Lanes 1 and 16: 100-bp ladder, 2: and 17:
negative control; 3; 6/85; 4: s-11; 5: F straln, 6: 56 straln, 7-15and 18 - 28 are samples
[rom field isolntes. A-E are groups gemerated by RAPD
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Table

1 Table 1. MICs (ng/ml) of antibiotics against 5 local MG groups (A, B, C, D, and E), unclassified MG group (U) and 4 reference strains (F, ts-11, 6/85, and S6).

Groups generated by RAPD and the reference isolates

Antibiotics A B C D E U Mean + SE' Reference Mean + SE? Break

3)° a) (5) 7) Q) Q?) strains Points*

Chlortetracycline 0.20-1.56 6.25 3.13-6.25 1.56-6.25 3.13-6.25 0.40-1.56 2.73+0.78 1.56-3.13 2.73+0.29 no data

Doxycycline 0.10 0.10 0.10-0.79 0.10-0.40 0.10-0.79 0.10 0.20 +0.12 0.10-0.20 0.17 +0.03 no data
Enrofloxacin 0.79-3.13 3.13 0.79-3.13 1.56-6.25 3.13-6.25 0.40-3.13 2.46 +0.67 0.10 0.10+0 >2
Erythromycin 0.10-0.20 >50 0.10 0.10-12.50 >50 0.10-3.13 8.80 +2.11 0.10 01.0+0 >4
Josamycin 0.40 >50 0.40-0.79 0.20-1.56 6.25-50 0.20-6.25 7.25+223 0.10-0.20 0.20+0.07 >8

Josamycin +Trimetoprim ~ 0.10-1.56 >50 0.10 0.10-25 >50 0.10-0.79 9.40 +2.01 0.10 0.10+0 no data
Lincomycin 0.10-3.13 12.50 0.79-3.13 1.56-3.13 6.25 0.20-1.56 2.50+1.20 1.56-3.13 2344038 >8
Oxytetracycline 0.10-1.56 0.40 0.10-0.20 0.10-0.20 0.40 0.10 0.25+0.14 0.40-3.13 1.28+0.98 >16
Tiamulin 0.10 0.10 0.10 0.10 0.10 0.10 0.10 +0 0.10 0.10+0 >16

Tilmicosin 0.10 12.50 0.10 0.10-1.56 3.13-12.50 0.10 1.93+0.22 0.10 0.10+0 no data
Tylosin 0.10 1.56 0.10 0.10 0.79-1.56 0.10 0.33 +0.15 0.10 0.10+0 >4

2 " means mean of MICs of all 20 isolates + standard error of mean. “ means mean of MICs of all reference isolates + standard error of mean.

3 3 () = numbers of isolates of each MG group. * (ug/ml) means resistant levels (reviewed in Hannan, 2000).



