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ABSTRACT 
 

Background: Due to the economic impacts of Mycoplasma gallisepticum (MG) infection in poultry, 
it is essential to have a fast, reliable and accurate diagnostic test to diagnose the infection.  
Aims: It was aimed to examine the presence of MG in the South Marmara Region of Turkey where 
extensive commercial layer flocks exist by RPA, ELISA and real-time PCR.  
Materials and Methods: In the study, 981 sera and 160 tracheal swab samples (20 swabs per 
each flock) obtained from eight layer flocks were examined for the presence of MG-antibody by 
RPA, ELISA, and the presence of MG by real-time PCR, respectively.  
Results: MG-seropositive flock rate was determined to be 100% by RPA. Twenty-three of the RPA 
positive sera in each flock LA, LB, LC, LD, LF, LG, and 17 RPA positive sera in flock LE (due to 17 
positive RPA sera obtained) were examined for the presence of MG antibody by ELISA, and MG-
seropositive flock rate was determined to be 87.5%. As a result of the examination of a total of 32 
tracheal swab samples (20 swabs perflock/5 swabs=4 pooled samples, 8 flocksX4 pooled 
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samples= 32 samples) for the presence of MG, real-time PCR positive flock rate was found to be 
75%.  
Conclusion: To decide the flock whether it is infected or not and the initiate effective preventive 
measures against MG infection as soon as possible; serology should be applied simultaneously 
with bacteriology and/or PCR to prevent time loss due to shortcomings of serological tests used as 
primary screening test such as cross reactions, sensitivity and specificity problems.  
 

 

Keywords: Mycoplasma gallisepticum; RPA; ELISA; real-time PCR.  
 

1. INTRODUCTION 
 

Mycoplasma gallisepticum (MG) is an important 
avian respiratory pathogen, and causes chronic 
respiratory disease accompanied by catarrhal 
inflammation of the respiratory tract mucosa [1]. 
Since one of the ways of transmission is vertical, 
breeder flocks must be examined for 
Mycoplasma-free status on a regular basis, and 
surveillance systems are applied to prevent 
contamination of hatchery eggs, which are then 
passed on to layer flocks and broilers. MG is very 
important for the poultry industry as it causes a 
reduction in egg production consequently creates 
economic losses [1]. 
 

Diagnosis of avian mycoplasmosis is performed 
by primary screening tests such as, rapid plate 
agglutination test (RPA), haemagglutination-
inhibition (HI), enzyme-linked immunosorbent 
assay (ELISA) and confirmation tests such as 
polymerase chain reaction (PCR) and culture [2, 
3, 4, 5]. Serological tests are the primary 
screening tests for flock examination, however 
they sometimes lack the required specificity and 
sensitivity due to cross-reactions with other 
pathogenic mycoplasmas, false positive results 
due to oil-emulsion vaccines against other avian 
pathogens, and antigenic variations among 
Mycoplasma strains [6]. Delayed antibody 
response also makes early diagnosis difficult. For 
instance, RPA detects IgM antibodies found 7-10 
days post-infection and persisted 70-80 days, 
and IgG antibodies are detected by 
haemagglutination-inhibition test and ELISA 3-4 
weeks post-infection and IgG antibodies 
persisted up to 6 months [5, 6, 7, 8]. Culture is 
still a gold standard method to confirm active 
Mycoplasma infection [3]. 
 
Bacteriological culture is laborious and 
expensive, and requires serial passages. 
Moreover, a conclusive positive result confirming 
a Mycoplasma free flock takes up to 30 days. 
Furthermore, overgrowth by other contaminating 
bacteria and/or inhibitory effects of antibiotic 
therapy may make culture unsuccessful [9, 10, 
11]. Recently, PCR has been proposed as a 

reliable alternative method for the detection of 
MG infection by the World Organization for 
Animal Health (OIE) and National Poultry 
Improvement Plan (NPIP) [2, 3]. Various 
molecular techniques such as nucleic acid 
probes [12], recombinant DNA probes [13, 14], 
conventional PCR [15, 16, 17, 18] and real-time 
PCR [11, 19, 20, 21] were developed to detect 
MG.  
 

Control of MG is one of the problems in the 
poultry industry. Increasing poultry production in 
small geographic areas, rearing multi-age poultry 
together and poor biosecurity render MG-free 
flocks impossible [22]. In order to monitor 
outbreaks effectively and develop effective 
control strategies, rapid and specific diagnosis of 
MG is essential [23, 24]. The primary goal of this 
study was to examine the presence of MG in the 
South Marmara Region of Turkey where 
extensive layer flocks by RPA, ELISA and real-
time PCR (rPCR). 
 

2. MATERIALS AND METHODS 
 

2.1 Serological Examination 
 

2.1.1 Collection of serum samples 
 

Eight flocks were selected randomly for 
serological test in South Marmara Region of 
Turkey. A total of 981 serum samples was 
collected aseptically from the wing vein of 
individual birds with 3 ml sterilized disposable 
plastic syringe without anticoagulant, and 
allowed to clot for 1 h in the syringe and then 
kept in the refrigerator at 4°C for 4-5 h. 
Subsequently the serum was decanted in 
centrifuge tube and centrifuge at 2,500 rpm for 5 
min to have clear serum. The clear serum was 
then collected in a sterile eppendorf tube and 
then stored at 4°C for RPA and ELISA tests. 
Serum samples collected from the flocks were 
summarized in Table 1. 
 

2.1.2 Serology 
 

RPA test and ELISA were applied to serum 
samples to detect anti-MG antibodies 
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(Anonymous, 2004). RPA test was done with MG 
Plate Test Antigen (MG Plate Test Antigen, 
Pendik Veterinary Control Institute, İstanbul, 
Turkey) according to the manufacturer’s 
instructions. Briefly, each 30 μl MG antigen and 
undiluted serum were mixed and rotated for 2 
minutes at room temperature. When 
agglutination occurred, it was evaluated as 
positive. The positive serum samples were 
additionally tested by ELISA.  
 

ELISA was performed according to 
manufacturer’s instructions (MG Antibody Test 
Kit; Idexx France). The OD value was measured 
at 650 nm. Calculation results and providing data 
summaries were done by IDEXX instrument and 
software systems. Calculations and interpretation 
of results were emphasized below according to 
manufacturer’s instruction manual. 
 

a) Calculations for Controls 
 

𝑁𝐶𝑋 =  
𝑁𝐶1 𝐴(650)  +  𝑁𝐶2 𝐴(650)

2
 

 

𝑃𝐶𝑋 =
𝑃𝐶1 𝐴(650)  +  𝑃𝐶2 𝐴(650)

2
 

 

    b) Validity Criteria 
 
PCX– NCX> 0.075 NCX≤ 0.150 
 

c) Samples 
 

𝑆/𝑃 =  
𝑆𝑎𝑚𝑝𝑙𝑒 𝑀𝑒𝑎𝑛 –  𝑁𝐶𝑋

𝑃𝐶𝑋–  𝑁𝐶𝑋
 

    

Log10 Titer = 1.09 (log10 S/P) + 3.36* 
 
(*Relates S/P at a 1:500 dilution to an endpoint 
titer) 
 
The presence or absence of antibody to Mg is 
determined by relating the A(650) value of the 
unknown to the Positive Control mean. The 
Positive Control is standardized and represents 
significant antibody levels to Mg in serum. The 
relative level of antibody in the sample is 
determined by calculating the sample to positive 
(S/P) ratio. Endpoint titers are calculated using 
the equation described in the calculations 
section. 
 

d) Interperetaion of results 

 
𝑆/𝑃 𝑟𝑎𝑡𝑖𝑜 

=  
(𝑂𝐷 𝑠𝑎𝑚𝑝𝑙𝑒 –  𝑂𝐷 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑚𝑒𝑎𝑛)

(𝑂𝐷 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑚𝑒𝑎𝑛 –  𝑂𝐷 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑚𝑒𝑎𝑛)
 

If this ratio was less than or equal to 0.5, the 
sample was considered negative. The sera with 
S/P ratios greater than 0.5 were considered 
positive. A positive result (titer greater than 1076) 
indicates vaccination or other exposure to Mg. 
The individual and mean ELISA titres were 
expressed as reciprocal of the calculated 
endpoint titres. 
 

2.2 Molecular Examination 
 

2.2.1 Collection of tracheal swab samples 
 

A total of 160 tracheal swabs from 8 layer flocks, 
20 per flock, in South Marmara Region were 
randomly collected and pooled. Each 20 tracheal 
swabs from the flocks were sampled as 
described by Zain and Bradbury [25].  Pools of 5 
tracheal swabs were inoculated into tubes 
containing 5 ml Frey’s broth (BBL, Becton-
Dickinson, No. 212346), and transferred to the 
laboratory on ice within 5 hours. All the tracheal 
swab samples were examined for MG by rPCR. 
Each pool was considered as one sample for 
PCR as follows: After vortexing 5 minutes, the 
swabs were discarded from the tube. One ml of 
Frey’s broth was transferred into sterile 
eppendorf tubes and used for DNA extraction .  
 

2.2.2 DNA extraction 
 

Clinical samples were extracted using a 
commercial DNA isolation kit (Roche; High Pure 
Template Preparation Kit, 11796828001, 
Germany) according to the manufacturer’s 
instructions. All extracted DNA was stored at -
20°C.  
 

2.2.3 Real-time PCR parameters and volume  
 

Real-Time PCR was applied according to 
Mycoplasma gallisepticum Real-Time PCR 
Detection Kit instructions (Mycoplasma 
gallisepticum Real-Time PCR Detection Kit, 
Biospeedy, Kat. No: BS-DTC-V-204-50, 
İstanbul). Negative control and positive control 
existed in the same kit. Three different real-time 
PCR volumes were described for each clinical 
samples, positive control and negative control. 

The total reaction volume was 11 l including 5l 

2X qPCR mix, 3l M.glsp-Oligo Mix,  1l internal 

control,  2l template for clinical samples. The 

total reaction volume was 10 l including 5l 2X 

qPCR mix, 3l M.glsp-Oligo Mix,  2l NTC, for 
the negative control sample. The total reaction 

volume was 10 l including 10 l PC-M.glsp for 
positive control. Real-time PCR parameters were 
as follows: Initial denaturationat 95ᵒC for 5 min, 
40 cycles of denaturation at 95ᵒC for 15 s and 
annealing at 60ᵒC for 50 s.  
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Table 1. Information about the flocks and collected samples 
 

Flock name Number of collected sera Number of collected tracheal 
swabs 

Age of chickens 
(week) 

LA 117 20 24  
LB 128 20 37  
LC 77 20 20  
LD 138 20 58  
LE 147 20 60  
LF 123 20 47  
LG 97 20 33  
LH 154 20 19  
TOTAL 981 160  

 

3. RESULTS 
 
3.1 RPA Results 
 

Six hundred twenty-seven out of 981 sera 
(63.91%) were positive for the presence of 
antibody against M. gallisepticum. The RPA test 
results per each flock, Flock LA to LH, were 
determined to be 79.48%, 79.68%, 75.32%, 
31.88%, 11.56%, 67.47%, 87.6%, 94.15% (Table 
2). The highest and the lowest MG positiveness 
were found in flock LH and flock LE with the rate 
of 94.15% and 11.56%, respectively. Comparing 
the flocks in terms of the ratio of antibodies 
against MG, the RPA test results were found to 
be relatively low with the ratio of 31.88% and 
67.47%, in Flock LD and LF, respectively. The 
rate of antibody against MG in Flock LA, LB, LC 
and LG were determined with a range of 75.32% 
to 87.6% (Table 2). As a result, MG-seropositive 
flock rate was determined to be 100% (Table 3).  
 

3.2 ELISA Results 
 
A total of 178 serum samples (23 per flock 
except for flock LE) were examined by ELISA. 
Twenty-three serum samples for each flock were 
selected from sera that were positive with RPA, 
but not for flock LE. Due to 17 RPA positive sera 
determined in flock LE, ELISA was performed 
with 17 sera for flock LE. The ratio of 16.85% 
positiveness was determined in the examined 
178 sera. Flocks LA and LH were found to share 
first place with the rate of 39.13%, followed by 
LF, LB and LG with the rates of 21.73%, 13.04%, 
and 8.69%, respectively which were found at 
second, third and fourth place among 8 layer 
flocks. The ratios of MG antibody were 
determined 4.34% for each LC and LD while in 
LE no positiveness was determined. According to 
CV%, LF, LH and LA were determined to share 
first, second, and third places, with the rates of 
93.1%, 81.5% and 80.1%, respectively while LE,  
 

Table 2. The results of RPA, ELISA, rPCR 
 

Code 
of 
Flocks 

Age of 
flock 
(week) 

Number of 
positive sera 
by RPA (%) 

Number of 
positive sera 
by ELISA (%) 

ELISA Mean 
Titer 

ELISA 
CV% 

Number of 
Positive 
tracheal swab 
samples* by 
Real-time 
PCR (%) 

LA 24 93/117(79.48) 9/23 (39.13) 984 80.1 3/4 (75) 
LB 37 102/128(79.68) 3/23 (13.4) 729 33.2 1/4 (25) 
LC 20 58/77(75.32) 1/23 (4.34) 674 27.2 2/4 (50) 
LD 58 44/138(31.88) 1/23 (4.34) 584 32.8 0/4 (0.0) 
LE 60 17/147(11.56) 0/17 (0.00) 494 39.9 0/4 (0.0) 
LF 47 83/123 (67.47) 5/23 (21.73) 624 93.1 1/4 (25) 
LG 33  85/97(87.6) 2/23 (8.69) 602 32.7 1/4 (25) 
LH 19  145/154(94.15) 9/23 (39.13) 838 81.5 3/4 (75) 
TOTAL  627/981(63.91) 30/178(16.85)   11/32 (34.37) 

*20 swabs per flock/5 swabs=4 pooled samples, 8 flocksX4 pooled samples= 32 samples) 
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Table 3. Flock rate positivity by RPA, ELISA, Real-time PCR 
 

RPA ELISA rPCR 

Total Flock Positive (%) Total Flock Positive (%) Total Flock Positive (%) 

8/8 (100) 7/8 (87.5) 6/8 (75) 

 
LD and LG were found to share fourth, fifth, and 
sixth places with the rate of 39.9%, 32.8% and 
32.7%, respectively. In LB and LC, CV%                            
were found to be 33.2% and 27.2%, respectively 
(Table 2). MG-seropositive flock rate was 
determined to be 87.5% by ELISA                     
(Table 3). 
 
3.2.1 Results of real-time PCR with clinical 

samples 
 
Of the tested 32 tracheal swab samples (20 
swabs perflock/5 swabs=4 pooled samples, 8 
flocksX4 pooled samples= 32 samples) 34.37% 
(11/32) were found to be positive by rPCR. 
Comparing the tracheal swaps in terms of MG 
load for each flock from highest to lowest, the 
rates were found to be 75%, 75%, 50%, 25%, 
25%, 25%, 0.0% and 0.0% in LH, LA, LC, LB, 
LG, LF, LD and LE, respectively (Table 2). rPCR 
positive flock rate was found to be 75%       
(Table 3).  
 

4. DISCUSSION AND CONCLUSION 
 
There were several studies conducted on 
serology and molecular examination of MG in 
breeder flocks, layer flocks and broiler flocks in 
our country and the world [17, 19, 21, 26, 27, 28, 
29, 30, 31]. In line with high prevalence of MG-
positive flocks in our study, in Vietnam MG-PCR 
positive results have been reported as 58.1% 
[32]. In contrast to our results, Michiels et al. [33] 
declared pretty low prevalence in both layer 
(0.9%) and broiler (2.7%) flocks in Belgium. 
Osman et al. [34] reported that the prevalence of 
MG was found to be high in the layer flocks with 
the rate of 33.3%, 69.9% and 58.3% by PCR, 
RPA and ELISA, respectively in Egypt. In Kuwait, 
the prevalence of MG was declared to be 48% 
with ELISA and 58% with PCR [35]. The 
prevalences are varied from country to                     
country for the reasons such as sample type 
(breeder, layer, broiler), applied test methods 
and official surveillance of MG in breeder             
flocks.  
 
To the best of our knowledge, previous studies 
showed that MG was a great problem in 
Marmara Region of Turkey where our study was 

conducted [19, 21]. In our study, while the rate of 
MG-seropositive layer flock was  found to be 
100% with RPA and 87.5% with ELISA, rPCR 
positive flock rate was detected to be 75% in 
South Marmara Region. However, in other 
studies in the same region the seropositive 
results and prevalence of MG by rPCR were 
relatively lower than our results. Kahya et al. [21] 
reported the flock rate base seropositivity with 
RPA and HI test as 48.8% and 32.3%, 
respectively, in breeder flocks exibiting 
respiratory problems. In the same study, MG 
prevalence by rPCR was declared to be 29% by 
the same author [21]. Kahya et al. [36] reported 
MG-seropositive flock rate in the same region in 
breeder flocks as 68.8% with ELISA. Comparing 
the results, the respectively low rate of 
prevalences in Kahya et al’s studies [21, 36] 
were attributed to sampling group (breeder flock) 
where strict biosecurity measures were applied. 
Commercial layer flocks, in contrast to breeder 
flocks are more exposed to disease agents due 
to inadequate biosecurity measures in the region 
such as intensive commercial poultry businesses 
in close proximity to each other in a narrow 
space. And also, high positiveness in our study 
was thought to be originated from the breeder 
flocks via vertical transmission, although the 
breeders were under official surveillance in the 
region. In the studies conducted in other regions 
of Turkey, while Dakman et al. [28] declared no 
MG positiveness in breeder flocks from Central 
Anatolia, Cengiz et al. [27] reported the rate of 
53.8% MG positiveness in chicken flocks. 
According to RPA test results in this study, the 
prevalence of MG antibody was high in 
commercial layer hens of age 19-47 weeks  that 
was in a range of 67.47%-94.15%, while the 
lowest prevalence of MG antibodies was found at 
age 58-60 weeks with the range of 11.56%-
31.88%. Our findings were in line with  the 
findings of the study conducted in 1995 [37]. The 
ELISA results coincided with the RPA test results 
at 19-24 weeks and 58-60 weeks in our study. 
Tendency of MG infection at younger age group 
than adult is a well known fact [1].                      
However, Demirbilek Kahya [38], determined 46 
weeks as most MG positive period, followed by 
40 weeks, 34 weeks, 27 weeks, and at least 20 
weeks. 
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Screening of poultry flocks for infection with the 
pathogenic mycoplasmas is generally 
accomplished by RPA test (2). RPA test is quick, 
inexpensive and highly sensitive, however the 
greatest disadvantage of RPA is low specifity 
(false positive reactions) related to medium 
component, cross reactions between bacterial 
species, misinterpreation due to recent 
inactivated oil emulsion vaccination against other 
infections agents. Such positive reactions may 
persist 4-8 weeks or longer after vaccination [7]. 
Due to disadvantages of RPA, high sensitivity 
(false positive) and low specificity (false 
negative), flocks with RPA test reactors are 
generally confirmed as positive or negative with 
acceptable serological tests such as HI, ELISA 
and then confirmatory tests culture and/or PCR. 
In our study, as a result of examining 23 RPA 
positive sera for each flock except for LE and 17 
RPA positive sera for flock LE by ELISA, the 
percentages of positiveness were found to be 
decreased in all eight flocks. It was expected 
because RPA restricted to the early stage of 
infection to detect IgM antibodies which were 
found 7-10 days post-infection and persist up 4-8 
weeks or longer after vaccination while ELISA 
was considered suitable to detect IgG antibodies 
produced in the later stage of infection, 3-4 
weeks post-infection and persisted up to 6 
months [5, 7, 8]. ELISA detect antibodies about 
the same time after infection as  HI test. 
Unfortunately, ELISA tends to have the same 
propensity toward giving false positive reactions 
as the agglutination test [7].  
 
When we interpret the results of both serology 
and PCR, flocks LB, LC, LF and LG had high MG 
antibody rates determined by RPA with a range 
of 67-87.6% in contrast their low MG-antibody 
rate detected by ELISA (8.69%-21.73%). The low 
antibody rates determined by ELISA in flocks LB, 
LC, LF and LG were in contrast to their high MG-
rPCR positivity rates (15%-40%). Our finding was 
found to be similar to Kahya et al’s. [36] study, 
they found low MG antibody rate (42%-62%) by 
ELISA in contrast to high MG-rPCR positivity rate 
(70-100%). This situation could be explained by 
the possibility of a newly starting MG infection 
since high MG antibody rates by RPA (IgM-
recently started infection) were in parallel to rates 
of MG-rPCR. While in flocks LD and LE MG-
antibody rates were found to be low by both RPA 
(31.88% and 11.56%) and ELISA (4.34%-
0.00%), MG-rPCR positivity rates were found to 
be 0.00% for both flocks. This suggests that 
either agglutination tests or ELISA have 
propensity to give false positive reactions as 

described in the previous paragraph in detail. In 
flocks LA and LH, MG-antibody rates were                    
found to be 79.48% and 94.15%, respectively               
by RPA, MG-antibody rate was detected as 
39.13% in both flocks (with the high CV% 
values), and MG-rPCR  positive rates were found 
to be 70% and 80%, respectively. This                    
instance could be explained by a continuing 
infection.  
 
Although the serological tests can be used as a 
primary screening tests with known shortcomings 
as cross reactivity, high sensitivity-low specificity 
(RPA) and high specificity-low sensitivity 
(ELISA), PCR and/or bacteriology should be 
used for confirmative and definite diagnosis. 
Consequently, to overcome the infection of layer 
flocks with MG, accurate and timely diagnosis of 
MG can be accomplished with serology and PCR 
and/or bacteriology at the same time to reduce 
the detection time. This prompt action gives a 
chance to producers to act quickly and prevent 
the spread of infection. Treatment with 
appropriate antibiotics to be followed after early 
diagnosis is one of the way to hinder the 
dissemianation of the agent. In addition, we 
believe that it would be a precautionary                    
measure to examine the pullets for MG before 
they are placed in the flocks. According to the 
results of our study, we thought that                            
taking additional restrictive biosecurity measures 
in a region with dense and congested layer                     
flocks existed would be meaningful in order to 
prevent economic loss and protect the poultry 
health. 
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