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Abstract 

Mycoplasma synoviae (M. synoviae) infections have become an increasingly serious concern in China because they 
cause huge economic losses to the poultry industry. Antibiotic treatment is one of control strategies that can be used 
to contain clinical outbreaks in M. synoviae-free flocks, especially because the bacteria can be transmitted through 
eggs. To understand M. synoviae infection status in farms of central China and the antibiotic susceptibility of the 
circulating strains in vivo and in vitro, 485 samples were collected from five provinces from 2019 to 2021. Fifty-two 
strains were isolated and identified. Determination of the minimum inhibitory concentration (MIC) of eight antibiotics 
(tylvalosin, tiamulin, tilmicosin, lincomycin, enrofloxacin, chlortetracycline, doxycycline and tylosin) for isolates showed 
that tylvalosin, doxycycline and tiamulin were effective against 52 clinical isolates (MIC values ≤ 0.0625–0.25 μg/mL, 
≤0.0625–1 μg/mL, and 0.25–2 μg/mL, respectively). Tilmicosin, enrofloxacin and lincomycin had high  MIC90 values 
(>32 μg/mL). An artificial M. synoviae infection model was established in chickens for evaluation of the short-term 
therapeutic effect of these antibiotics. After 5 days of medication, doxycycline (200 mg/L) showed a superior ability 
to inhibit M. synoviae compared with other groups, as did tylvalosin (200 mg/L). Furthermore, the therapeutic efficacy 
of tylvalosin (0.4 μg/mL) on intra-embryo-injected M. synoviae was higher than that of tiamulin at the same dose. A 
combination of MIC values determined in vitro and therapeutic effects observed in vivo revealed that tylvalosin and 
doxycycline had the best therapeutic effects. Tylvalosin also showed better inhibitory effects on the vertical transmis-
sion of M. synoviae than tiamulin.
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Introduction
Mycoplasma synoviae (M. synoviae) is one of the main 
pathogens causing mycoplasma disease in poultry, which 
usually results in acute or chronic synovitis or air saccu-
litis (Lockaby et al. 1998). More importantly, M. synoviae 
infection can lead to reduced egg production, eggshell 

apex abnormality, or subclinical infections in commer-
cial egg layers, which causes substantial economic losses 
(Feberwee et  al. 2009; Catania et  al. 2010). M. synoviae 
can be transmitted not only horizontally by contacting 
contaminated equipment and air but also vertically by 
breeding eggs (Landman and Feberwee 2012; Koutoulis 
et  al. 2013). Compared with simple M. synoviae infec-
tions, M. synoviae mixed with other pathogen, such as 
avian influenza virus, infectious bronchitis virus, infec-
tious bursal disease virus, and Escherichia coli, lead to 
more serious respiratory or whole-body symptoms, air 
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sac lesions, and eggshell apex abnormalities (Raviv et al. 
2007; Fiorentin et al. 2013).

The main methods currently used to the long term con-
trol of the disease strict biosecurity measures, eradication 
programs involving the depopulation of infected animals, 
and vaccination; while short-term control methods usu-
ally applies antibiotic treatment (Dijkman et  al. 2017; 
Feberwee et al. 2017; Kreizinger et al. 2017; Shahid et al. 
2018), such as   tilmicosin, enrofloxacin and oxytetracy-
cline. However, antibiotic treatment can only mitigate the 
clinical symptoms and is not sufficient for the eradica-
tion of infection in affected flocks (Kleven 2008). This 
may be due to the chronic infection of M. synoviae and 
the high levels of microorganisms in the environment 
(Marois et  al. 2000). Molecular mechanism underly-
ing the acquired antibiotic resistance of M. synoviae 
has been reported (Le Carrou et al. 2006; Lysnyansky 
et  al. 2013); therefore, understanding antibiotic sus-
ceptibility of prevailing strains and therapeutic effects 
of antibiotics are critical to improve management by 
drug therapy.

In this study, we conducted antibiotic susceptibility 
tests on 52 M. synoviae strains isolated and identified in 
central China from 2019 to 2021. We also evaluated the 
efficacy of tylvalosin and tiamulin in blocking M. syno-
viae infection in chicken embryos to provide a basis for 
clinical drug selection for the short-term control of poul-
try infections in central China. 

Results
Isolation and identification of clinical samples
In total, 52 M. synoviae isolates (52/485, 10.72%) were 
purified from 485 tarsal tissue and secretion samples col-
lected from (Fig.  1A-C) five provinces [Henan, Hubei, 
Anhui, Hunan, and Jiangxi (16.67%, 11.71%, 9.09%, 10%, 
and 6.25%, respectively)] in China (Fig. 2). The specific-
ity (Fig. 1D) and susceptibility (Fig. 1E) were verified by 
PCR. Homology was 93–99% between these 52 samples 
and MS-H strain registered in GenBank (Registration 
No. CP021129.1). Titers of the 52 strains ranged from  105 
to  107 color change units (CCU)/mL.

Determination of the minimum inhibitory concentration
The MIC results sorted by drug are shown in Table 1. All iso-
lates showed a concordance of MIC results among replicates.

Most of the 36 M. synoviae isolates (69.2%) had tylo-
sin MIC values of <1 μg/mL, eight isolates (15.4%) had 
MIC values of 1 μg/mL, and eight isolates (15.4%) were 
between 1-4 μg/mL. MIC values of tylosin for the strains 
isolated in Anhui Province (2-4 μg/mL) were higher than 
those isolated from the other provinces.

MIC values of tylvalosin and tiamulin were ≤0.25 μg/mL 
and 2 μg/mL for all M. synoviae isolates, respectively, 
of which 28 isolates (53.8%) had tylvalosin MIC values 
lower than or equal to the lowest concentration of the 
antibiotic present in the test (0.0625 μg/mL). Doxycycline 
MIC values were ≤1 μg/mL for all M. synoviae isolates, 

Fig. 1 Isolation and identification of M. synoviae. A Treatment of suspected diseased chicken tarsal joint; B Culture of isolates; C Colony morphology 
of isolated strains (40× magnification); D Specificity test; 1: MS-HB1 strain; 2: M. gallisepticum strain; 3: E. coli strain; E Susceptibility test; 1-10: 
dilutions from  10-1 to  10-10. M: DL2000 DNA Marker (Tsingke Biotechnology Co., Ltd., Beijing, China). vlhA gene product fragment size: 392 bp; 16S 
rDNA product fragment size: 1500 bp
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Fig. 2 Regional distribution of M. synoviae isolates and seroprevalence of M. synoviae infection in different provinces of China. The number of 
samples collected in each province and the isolates are shown in boxes. Censor code of this map: GS (2019) 1695

Table 1 Distribution of minimum inhibitory concentration (MIC, μg/mL) of antibiotics for strains isolated from different provinces of 
China

Antibiotics were tested in the concentration range 0.0625–32 μg/mL. All MIC values are expressed in μg/mL and values that were below or above the dilution range 
are marked as ≤ or >, respectively.  MIC50 values indicate the concentration that inhibited 50% isolates.  MIC90 values indicate the concentration that inhibited 90% 
isolates

Antibiotics Provinces MIC50 MIC90

Hubei Henan Hunan Anhui Jiangxi

Tylosin 0.125–1 1 0.25 2–4 0.25–0.5 0.25 4

Tylvalosin ≤0.0625–0.25 0.125 ≤0.0625 0.25 ≤0.0625 ≤0.0625 0.25

Tiamulin 0.25–1 0.5 0.5–1 0.25–2 0.25 0.5 1

Tilmicosin 1–8 >32 8 >32 2–4 2 >32

Enrofloxacin 16–>32 8 16 16->32 16 16 >32

Lincomycin 0.5–2 >32 0.5–1 >32 0.5–1 1 >32

Doxycycline ≤0.0625–0.25 ≤0.0625 0.5–1 ≤0.0625–0.25 0.5–1 0.125 0.5

Chlortetracycline 0.25–4 0.25 8–16 0.5–1 4–8 1 8
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of which 30 (57.7%) had MIC values of 0.0625 μg/mL. The 
 MIC50 and  MIC90 values of tylvalosin were the lowest reg-
istered, together with those of doxycycline and tiamulin.

Ten isolates (19.2%) had tilmicosin MIC values of ≤1 
μg/mL and 36 isolates (69.2%) were ≤2 μg/mL.  MIC 
value of 22 isolates (42.3%) were 2 μg/mL, and 20 iso-
lates (38.5%) were  over  4 μg/mL, of which 16 (30.8%) 
were greater than the highest concentration of antibi-
otic used in this test (32 μg/mL). There were marked 
differences in the lincomycin MIC values for all 52 
strains, with a difference of at least seven serial dilu-
tions between the maximum MIC value (>32 μg/mL) 
and the minimum MIC value (0.5 μg/mL). MIC values of 
enrofloxacin were ≥8 μg/mL for all isolates.  MIC50 and 
 MIC90 values of enrofloxacin were the highest registered, 
together with those of tilmicosin and lincomycin. MIC 
values of tilmicosin, enrofloxacin and lincomycin for the 
strains isolated from Anhui and Henan were higher than 
those isolated from the other provinces.

A marked variation was observed in MIC values of 
chlortetracycline for these strains, ranging from 0.25 μg/
mL to 16 μg/mL. MIC values of chlortetracycline for iso-
lates from Hunan and Jiangxi provinces were higher than 
those isolated from the other provinces.

Evaluation of antibiotic treatment effect
The treatment effects of antibiotics were evaluated by 
measuring changes in number and percentage of M. syno-
viae-positive and M. synoviae-negative chickens before and 
after treatment. One day before treatment, 9/20 to 12/20 of 
the chickens in each group were infected with M. synoviae.

On the first day after drug withdrawal and in all treat-
ment groups except the tylvalosin low-dose group, 
number and percentage of M. synoviae-positive chick-
ens decreased noticeably compared with  that of the day 
before treatment (P < 0.05). In the tylvalosin medium-dose, 
tylvalosin high-dose, tylosin, doxycycline, tiamulin and 
enrofloxacin groups, the number of  M. synoviae-positive 
chickens decreased significantly (P < 0.01) (Fig. 3A).

Seven days after drug withdrawal, number and percent-
age of M. synoviae-positive chickens increased in the tyl-
valosin medium-dose, tylosin and tiamulin groups, but 
these decreased compared with that of the day before 
treatment (P < 0.05) (Fig. 3B).

Fourteen days after drug withdrawal, M. synoviae-
positive chickens increased in doxycycline group but 
decreased significantly compared with the day before 
treatment (P < 0.01) (Fig. 3C).

Evaluation of the ability of antibiotics to block vertical 
transmission of M. synoviae
On the third day of treatment, the number and per-
centage of M. synoviae-positive individuals noticeably 

decreased in the 0.4 μg/mL tylvalosin group compared 
with the infection group (P < 0.05) (Fig. 4A).

On the fifth day of treatment, the number and percent-
age of M. synoviae-positive animals noticeably decreased 
in each treatment group (P <  0.05) but decreased sig-
nificantly in the 0.4 μg/mL tylvalosin group (P <  0.01) 
(Fig. 4B).

Discussion
In a serological survey of M. synoviae infections among 
chickens in different regions of China from 2010 to 2015, 
the overall seropositive rate of M. synoviae infections in 
21 provinces was 41.19% (Xue et  al. 2017), which con-
firmed that M. synoviae infections are very common 
among poultry in China. Antibiotic treatment represents 
an effective strategy for the control of M. synoviae infec-
tions in chickens (Sun et al. 2017; Sui et al. 2022). In the 
context of the global concerns surrounding antibiotics, it 
is essential to use antibiotics correctly and effectively.

In this study, we investigated the incidence and regional 
distribution of M. synoviae infections in 485 samples col-
lected from poultry-breeding farms in central China. By 
the end of the sampling period, 52 strains of M. synoviae 
were isolated. The relatively low rate of isolations may 
indicate that ongoing antibiotic treatments are effective 
or the infections were in a chronic state. The fact that 
Mycoplasma cultures are easily contaminated is also a 
potential reason.

In recent years, drug resistance and the rational use of 
antibiotics have attracted an increasing amount of atten-
tion all over the world. In this study, the antibiotic sus-
ceptibility of 52 M. synoviae strains isolated from central 
China were analyzed and found that tiamulin, tylvalo-
sin and doxycycline had low  MIC90 for isolates from all 
regions, while MIC values were higher for the macrolide 
tilmicosin against M. synoviae. The macrolides show good 
activity against M. synoviae strains worldwide, with higher 
MIC values (> 2 μg/mL) identified in Europe (Hannan 
2000; Kreizinger et  al. 2017; Abd El-Hamid et  al. 2019). 
MIC values of enrofloxacin, tilmicosin and lincomycin 
in this study were similar to those reported by Catania in 
a study of the effects of 10 antibiotics on 154 M. synoviae 
isolates collected from Italy during 2012 to 2017. In this 
report, seven isolates showed MIC values of >32 μg/mL 
for lincomycin, and they also showed high MIC values 
for other tested drugs. The highest MIC values (>32 μg/
mL) for lincomycin always coincided with high MIC val-
ues for tilmicosin. Strains isolated from Anhui and Henan 
had similar profiles to these seven strains. Enrofloxacin 
had high MIC values for all M. synoviae isolates (Cata-
nia et al. 2019). Zhang found that enrofloxacin generally 
had high MIC values for some of the M. synoviae isolates 
(Zhang et al. 2022). A comparison of the parC quinolone 
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Fig. 3 Number and percentage of M. synoviae detected after drug withdrawal. A First day after drug withdrawal; B Seventh day after drug 
withdrawal; C Fourteenth day after drug withdrawal. Asterisks in the figures indicate significant differences (*P < 0.05; ** P < 0.01)
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resistance determining region (QRDR) identified a 
mutation at nucleotide position 254 (C254T), resulting 
in a Thr 85 to Ile amino acid change in all M. synoviae 
isolates and the reference strain ATCC 25204, which is 
resistant to enrofloxacin. The mutations in the QRDR 
of gyrA and parE genes are also related to enrofloxacin 
resistance.

Using an in vivo model of M. synoviae infection in 
chickens, we found that all treatment groups achieved 
good therapeutic effects 14 days after drug withdrawal, 
and doxycycline had one of the best treatment effects, 
along with tylvalosin. However, the detection of M. syno-
viae infection in some of chickens after drug withdrawal 
suggested that antibiotic treatment did not achieve 

Fig. 4 Number and percentage of M. synoviae detected during treatment. A Third day of treatment; B Fifth day of treatment. Asterisks in the figures 
indicate significant differences (*P < 0.05; ** P < 0.01)
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complete elimination of the pathogen. Therefore, antibi-
otics can only control Mycoplasma over a short time, and 
vaccines are needed for long-term control.

M. synoviae can be transmitted through eggs, thus 
inhibiting transmission via eggs is an effective control 
method. Drug treatment can reduce the level of egg-
borne infection. Studies have shown that treatment (dip-
ping or injection) of eggs with tylosin and gentamicin or 
heat prevents the transmission of M. synoviae through 
eggs in breeding flocks (Yoder Jr 1970). In this study, we 
showed that tylvalosin inhibited M. synoviae growth in 
chicken embryos, and the inhibitory effect was superior 
to that of tiamulin at the same dose. Experiments involv-
ing in  the blocking of vertical transmission need to be 
carried out in breeding chickens at a later stage.

When we examined the results of MIC in vitro experi-
ments and in vivo therapeutic effects, in vitro suscepti-
bility of some drugs were inconsistent with the clinical 
efficacy, mainly due to the different pharmacokinetic and 
pharmacodynamic characteristics of the antibiotics, as 
well as internal and external differences in vivo (Gill et al. 
2021). Furthermore, the components of the in vitro cul-
ture medium have an impact on MIC, growth rates, and 
kill rates (Mouton 2018). Therefore, the results of in vitro 
antibiotic susceptibility tests should be combined with 
the observations on clinical treatment effects to select the 
best antibacterial drugs and improve the effects of clini-
cal medication.

Conclusion
In this study, tylvalosin, doxycycline, and tiamulin were 
effective against M. synoviae in vivo and in vitro. Tylva-
losin also showed good inhibitory effects on the vertical 
transmission of M. synoviae. These results provide valua-
ble information for the short-term control of M. synoviae 
mycoplasma disease in central China. Subsequent studies 
are necessary to determine what methods can be used to 
effectively block the vertical transmission of M. synoviae.

Materials and methods
Isolation, purification, and identification of M. synoviae 
strains
The study was carried out from 2019 to 2021, during 
which 485 samples were taken from 5 to 25  week old 
chickens suspected of having M. synoviae infection in the 
farms based on clinical symptoms of air sacculitis, chest 
cyst, footpads and joint swelling. We collected samples 
from the footpads and joints in this study.

For isolation of M. synoviae, chicken feet were wiped 
repeatedly with alcohol-soaked cotton swabs and dried 
before aseptic collection of joint fluid and the contents 
of the swollen tarsal joint cavity in a biologically clean 

safety cabinet. The samples were then placed into 3 mL 
Mycoplasma medium (pH 7.8) [Modified Frey Medium 
Base (Chinese Veterinary Pharmacopoeia) with 15% por-
cine serum, 1% glucose, 1% 100 mg/L L-cysteine, 3% 400 
mg/L L-arginine, 1% 100 mg/L β-nicotinamide adenine 
dinucleotide trihydrate (β-NAD), 0.1% 100 mg/mL ampi-
cillin (Amp), and 0.02% phenol red] and cultured at 37°C 
in a 5%  CO2 incubator (Thermo Fisher Scientific, USA). 
When the medium became yellow, the isolates were 
transferred to fresh medium. After three passages, 100 μL 
liquid culture was plated onto Mycoplasma solid medium 
(Mycoplasma medium + 1.5% Agar) and cultured at 37°C 
in a 5%  CO2 incubator. Colony growths with a character-
istic “fried egg-like” bulge in the center were observed 
under a low-power microscope after about 7 days. Bac-
teria from single colonies were selected and cultured in 
liquid medium.

At the third passage in liquid medium, the strains were 
identified by PCR and sequenced using 16S rDNA prim-
ers. To amplify the conservative region of M. synoviae 
vlhA gene (accession no. AF035624.1), a pair of specific 
primers (F: 5′–TTA GCA GCT AGT GCA GTG GCC–3′; R: 
5′–GTA ACC GAT CCG CTT AAT GC–3′) were designed 
using Primer Premier 5.0 software. The 16S rDNA prim-
ers (Karita et al. 2003) (27F: 5′–AGA GTT TGA TCC TGG 
CTC AG–3′; 1492R: 5′–GGT TAC CTT GTT ACG ACT T–3′) 
were synthesized by Shenggong Biotechnology Co., Ltd. 
(Shanghai, China).

The 50  μL reaction mixture consisted of 25 μL 2× 
Taq Master Mix (Vazyme Biotechnology Co., Ltd. Nan-
jing, China), 2 μL forward primer (10 μM), 2 μL reverse 
primer (10 μM), 2 μL sample culture, and 19 μL sterile 
 ddH2O. Amplification was performed on a PCR instru-
ment (Bio-Rad, Hercules, CA, USA) with the following 
thermal cycling conditions: 94°C for 5 min, then 30 cycles 
of 94°C for 30 s, 55°C for 30 s, and 72°C (depending on 
primers) for 2 min (16S rDNA) or 30 s (vlhA gene).

M. gallisepticum and E. coli strains stored in the labo-
ratory and sterile ddH2O were used as negative controls 
for the specificity test. DNA was extracted from isolates 
using the TIANamp Bacteria DNA Kit DP302 (Tiangen 
Biotech Co., Ltd., Beijing, China), 10-fold serial diluted to 
 10-10, then used to perform PCR amplification according 
to the above conditions and evaluate the susceptibility.

Amplified DNA products were separated on a 1.5% aga-
rose gel in tris-acetic acid-ethylene diamine tetraacetic 
acid (EDTA-TAE) buffer (40 mM Tris, 40 mM acetic acid, 
1 mM EDTA, pH 8.3) for 30 min at a constant voltage of 
110 V. Amplified products were detected with a gel imag-
ing system (Bio-Rad). The amplified 16S rDNA products 
were sequenced by Tsingke Biotechnology Co., Ltd. (Beijing, 
China). Sequencing results were compared with BLAST 
software on the NCBI website.
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Growth titration of isolates – color change units
The growth titers (in CCUs) of isolated strains were 
determined using the microdilution technique. Briefly, 
200 μL liquid medium was added to the 12th well of each 
row in a 96-well plate, and 180 μL was added to wells 
1–11 of each row. Subsequently, 20 μL bacterial solution 
was added into the 1st well and used to prepare 10-fold 
serial dilutions to the 11th well. The 1st well was set up 
as the positive control (180 μL medium + 20 μL bacterial 
solution), and the 12th well as the negative control (200 
μL medium). The plate was sealed with parafilm (PM-
996 Parafilm, USA) and incubated at 37°C in a 5%  CO2 
incubator for approximately 2 weeks. Three repetitions 
were prepared for each experiment. The concentration of 
the last well of test wells 1–11 showing yellow color was 
identified as the CCU of the strain and deemed to be the 
titer of the strain (CCU/mL).

Antibiotics
The following eight antibiotics from five different groups 
were purchased from Hvsen Biotechnology Co., Ltd. 
(Wuhan, China). The macrolides tylvalosin (lot number 
201903024), tylosin (lot number AEC80138KM), and 
tilmicosin (lot number TMC1908048); the pleuromutilin 
tiamulin (lot number 01971807063); the fluoroquinolone 
enrofloxacin (lot number 190107-4); the lincosamide lin-
comycin (lot number 190322097); and the tetracyclines 
doxycycline (lot number YD190401097) and chlortet-
racycline (lot number S1906003). For each antibiotic, a 
stock solution was prepared using the appropriate sol-
vents and diluents following the manufacturer’s instruc-
tions. The antibiotic solutions were diluted to 64 μg/mL 
and passed through a 0.22 μm membrane filter to steri-
lize the diluted solution. Antibiotics were tested in the 
concentration range of 0.0625–32 μg/mL.

Minimum inhibitory concentration for M. synoviae
The MIC for the isolated strains was determined using 
the microdilution technique based on the guidelines 
of Hannan (2000). Briefly, 200 μL liquid medium was 
added to the 12th well of each row in a 96-well plate, 
and 100 μL was added to wells 1–11 of each row. After 
dilution to 64 μg/mL with liquid medium, 100 μL 
diluted antibiotic was added in the 1st well and used to 
prepare 2-fold serial dilutions to the 10th well. Subse-
quently, 100 μL bacterial solution diluted to  105 CCU/
mL was added to wells 1–11. The 11th well was set up 
as the positive control (100 μL medium + 100 μL bacte-
rial solution), and the 12th well as the negative control 
(200 μL medium). The plate was sealed with parafilm 
(PM-996 Parafilm, USA) and incubated at 37°C in a 
5%  CO2 incubator for about 10 days. Three repetitions 
were set up for each experiment. After the yellow color 

was observed in the positive-control well, the concen-
tration of the first well with no color change in test 
wells 1–10 was defined as MIC of the antibiotic for 
each strain.

The lowest concentration of antibiotic that completely 
inhibited the growth or metabolism of the isolate in 
vitro was considered to be the MIC value of the tested 
antibiotic.  MIC50 and  MIC90 were taken as the MIC of 
the antibiotic on 50% and 90% bacterial isolation.

When the highest antibiotic concentration did not 
inhibit growth, MIC value indicated that it was greater 
than (>) the highest antibiotic concentration in the 
plate. Conversely, if the minimum antibiotic concen-
tration present in the plate inhibited growth, the MIC 
value was expressed as being lower than or equal to (≤) 
that concentration.

Evaluation of antibiotic treatment effects
Specific pathogen-free chickens (n = 240 aged 1 day) 
were randomly divided into the following groups (n 
= 20 per group): blank control (uninfected), infec-
tion control, tylvalosin low-dose (50 mg/L), tylvalosin 
medium-dose (100 mg/L), tylvalosin high-dose (200 
mg/L), tylosin (200 mg/L), tilmicosin (200 mg/L), lin-
comycin (200 mg/L), doxycycline (200 mg/L), tiamulin 
(200 mg/L), and enrofloxacin (200 mg/L) groups. On 
day 14, chickens in the 10 treatment groups and infec-
tion control group were inoculated with 0.1 mL  106 
CCU/mL of the MS-HB1 strain via the intranasal route. 
The blank control group was inoculated with sterile PBS.

Tracheal samples were collected 14 days after infec-
tion (1 day before medication). The 10 experimental 
groups of chickens were then treated with the corre-
sponding doses of drugs, which were provided in their 
drinking water continuously for 5 days. Tracheal sam-
ples were collected 1, 7 and 14 days after drug with-
drawal. DNA was extracted from samples using the 
TIANamp Bacteria DNA Kit DP302 (Tiangen Biotech 
Co.). The numbers of M. synoviae-positive chickens 
based on PCR amplification in the different antibi-
otic groups were compared according to the protocol 
described for identification of M. synoviae strains. The 
therapeutic effects were expressed as the number and 
percentage of M. synoviae-positive and M. synoviae-
negative chickens.

Evaluation of the ability of tylvalosin and tiamulin to block 
vertical transmission of M. synoviae
Chicken embryos (n = 120 at the 5-day stage) were ran-
domly divided into six groups (n = 20 per group): 0.4 
μg/mL (5 MIC) tylvalosin group, 0.08 μg/mL (1 MIC) 
tylvalosin group, 0.4 μg/mL tiamulin group, 0.08 μg/mL 
tiamulin group, M. synoviae control group, and blank 
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control group. With the exception of the blank control 
group, all groups were inoculated with  104 CCU/0.1 mL 
of the MS-HB1 strain through the yolk sac. Three days 
after infection, the four experimental groups were inoc-
ulated with 100 μL drugs of corresponding doses. Each 
group was placed in a 37°C incubator. On the third and 
fifth days of treatment, 10 chicken embryos were selected 
from each of the experimental and control groups before 
the extraction of the whole vitelline membrane. These 
samples were inoculated into 5 mL liquid medium and 
incubated at 37°C under 5%  CO2. After 3 days, the vitel-
line membrane culture was centrifuged at 8000 rpm for 5 
min, then 100 μL supernatant was added to 900 μL fresh 
liquid medium, and the culture was continued at 37°C 
under 5%  CO2. After 3 days, the inhibitory effect of the 
drug on M. synoviae in chicken embryos was assessed 
according to PCR identification. Results were expressed 
as number and percentage of M. synoviae-positive and 
M. synoviae-negative chickens.

Statistical analysis
All the derived data were evaluated for normal distribu-
tion before statistical analyses. All statistical analyses 
were performed using Fisher’s exact test within SPSS 23.0 
software. P <  0.05 and P <  0.01 were set as the thresh-
old for statistical significance. The asterisks in the figures 
indicate significant differences (*P < 0.05; ** P < 0.01).
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