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Abstract

The present study monitored the effect of Mycoplasma gallisepticum infection on the humeral immune response
of chickens against the different inactivated bivalent vaccines (ND, Al), (ND, IB), (ND, IBD) and monovalent
(Reo Vaccine). These inactivated vaccines were used to inoculate three hundred 3-week-old specific pathogen-
free (SPF) chicks by S/C route. They were grouped into nine groups; Groups (1, 3, 5 and 7) pre-infected with
MG one week before vaccination and Groups (2,4, 6 and 8)vaccinated and non-infected. Group (9) was kept as
control. In this study field infection of Mycoplasma gallisepticum was designed by inoculation of 250uL of the
infectious material suspension containing 10°cfu of MG was instilled in the nasal sinuses as well as injected
subcutaneously one week before vaccination. The immune response was estimated and evaluated by using Hl,
ELISA and challenge tests. The bacterial stress of M. gallisepticum was recorded by the lesion scores. The
results of HI and ELISA tests for the pre-infected groups showed highest antibody titers against (ND, Al),
(ND,IB), (ND,IBD), and Reo vaccines which were significantly( at P > 0.05) higher (7.7 logy, 7.8 log,, 7.9 logy,
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respectively)for ND,(7.1 log,)for Al antigen, andS/P ratio showed non significant increase (1.7, 1.7, 0.3) for
IBV, IBDV, and Reovirus antigens respectively28 days post-vaccination. The lowest titer appeared in non-
infected vaccinated groups (G2, G4 and G6) (6.5 log,, 6.7 log,, 7.1 log,, respectively) for ND, (6.5 log,)for Al
antigen, and S/P ratio was (0.6, 0.8, 0.28) for IBV, IBDV, and Reovirus antigens respectively. This study used
serological immune responses to emphasize the results of chicken vaccination with inactivated viral vaccines,
particularly in the presence or absence of Mycoplasma infection in chicks. Indeed, there is evidence that
vaccinated chicken flocks pre-infected with MG can introduce inaccurate results compared to non infected
vaccinated flocks. For the previous conclusion the evaluation of any inactivated viral vaccine must be
performed in free Mycoplasma chickens, (SPF chickens as an example) in order to obtain accurate evaluation
results.

Keywords: Avian influenza, 1B, IBD, Inactivated Vaccine, Mycoplasma gallisepticum, HI, SPF chicks.

Introduction

Poultry represents one of the most important sources of protein for egyptian consumers across all
categories of society,as it has low cost compared to fish and red meat. The most damaging effects on the
revenue of commercial and industrial operation are infectious diseases.Among these infectious diseases,
respiratory viral diseases are considered one of the major health problems as they have high spread rate among
poultry flocks and can reach a morbidity of 100% in less than a week (Sid et al.,2015). Chickens are considered
the most widely studied avian species which show some variations in immune response (Abd-Alla et al., 2017).
The safety and effectiveness of the immunizations may be significantly conducted by a number of variables,
including vaccine doses, administration methods, protocols and infection with specific avian infections such as
MG (Marangon and Busani, 2006). In nature, there is a viral/bacterial interaction on the same host. It
demonstrates advantageous outcomes in some cases and disastrous outcomes in others. The impact of these
bacteria on the immune system is a crucial consideration in figuring out what ultimately led to these
interactions.  Mycoplasmamay  suppress or stimulate the immune system by affecting
theeffectorscytokines(Volokhov et al.,2011) that interferewith the host response to infectious agents(Chen et
al.,2016).

Mycoplasma, a large group of prokaryotes thought to have evoluted from Gram-positive bacteria by
degenerative evolutionmainly capable of causing a variety of human and animal infectionsas mentioned
byLianmei et al. (2019). Mycoplasma gallisepticum (MG) is a contagious respiratory pathogenamong 22
serotypes (Yilmaz et al., 2011) that affects poultry and causeinfectious sinusitis in turkeys(Kanci et al.,
2018).1t is a significant avian pathogen that causes the chronic respiratory disorders that afflict chicken and
turkeys and cause significant economic losses for the poultry sector(Ishfaq et al., 2020).The disease reduces
egg production and raises embryo mortality in breeders and layers. In layers, production losses of among ten
and twenty percent have been documented. All species of chicken and turkey are susceptible to these illnesses,
however birds of young age are highly vulnerable than adult birds (Zulfekar et al.,2015).Moreover, high
mortality is high, carcassare discarded andfeed conversion rate is low(Mukhtar et al., 2012).

Mycoplasmosis is transmitted vertically by broiler breeders via eggs (Xue et al., 2017) or horizontally,
by direct contact between diseased and carriers (Marois et al., 2000). Moreover,Mycoplasmacan remain in the
flock constantly as forms (Nascimiento et al., 2005). Infected birds become asymptomatic carriers and
immunocompromised in which MG escapes from immunity and multiplies within macrophage (Gondal et al.,
2013). It transfers through ovaries to next generation (Feizi et al., 2013).
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Vaccination used to control infection in countries of significant commercial industries of poultry (Zhu
et al., 2018), but the success of these control programs depends on the accurate and timely diagnosis of infected
flocks(Gharibi et al., 2018).An adjuvant is preferable to increase both cellular and humeral immunities not
onlyan effective vaccine(Marwa et al., 2021).Efforts toprevent the losses in commercialflocks particularly
inlayer and breeders including bacterin-based vaccines,killed vaccines, and live vaccines havebeen successful
up to some extent in reducing theseverity of respiratory diseases, maintaining constantegg production,
controlling excess vaccine reactions,and reducing horizontal and vertical transmission(Butcher, 2002).

Several bacterial and viral pathogens, both individually and in combination, have the ability to make
poultry susceptible to illness.(Samy and Naguib, 2018), therefore The combination of bacterial and viral
vaccines that contain multiple antigens has many advantages for producers because it lowers production costs;
for managers because it frees up time and effort and facilitates the immunization schedule; and for animals
because it reduces the stress of receiving multiple vaccinations.(Orabiet al.,2017).

There is a role of Mycoplasma gallisepticum infection in accelerating the replication of H9 virus and
pathogenicity exacerbationin experimental conditions.The possible reason for the enhanced pathogenicity could
be the release of proteases enzymes by the replication of bacteria such as Mycoplasma gallisepticum. These
enzymes might recognize a monobasic cleavage signal at HA of influenza virus which plays an important role
in the pathogenicity of the virus(Subtain et al.,2016).InteractionofMycoplasma gallisepticum(MG)and viral
infections, such as Newcastle disease (NDV), avian influenza (AlV), infectious bronchitis (IBV) and infectious
bursaldisease (IBDV),exacerbate respiratory diseases and known to inflict heavy losses and thus merithigh
economic importance (Sid et al.,2015).The interactions with(IBV) or (NDV) which have long been known to
result in a synergistic effect with M. gallisepticum.These interactions are obtained by using vaccine strains
of(IBV) or(NDV) or An effective vaccine(Kleven,1998).Conflicting results have been reported from
Mycoplasma with multiple viral infectionscomparedtoa single infection,wheremultiple pathogens infections
have showed more severe clinical presentation(Sly and Jones,2011).Mildly virulent virus strains infect birds
that had already been infected withMycoplasma, the interactions between the host,Mycoplasmacells and virus
could result in effects that differ from those of single pathogen infection. Thus, severe inflammatory reactions
and synergistic pathogen interactions can occur after vaccinations with live virus vaccines(Bolha et al., 2013).

Wei Zhang et al. (2020)stated that eradication of the disease in poultry breeder flocks asMycoplasma
gallisepticum (MG) causes immune response dysregulation in the lungs and air ways of poultry(Rabia et
al.,2021). The disease is therefore controlled throughkilled MG (Olanrewaju et al., 2011), live vaccines,and
recombinant viral vaccines is still a majorconcern (Ishfaq et al., 2020).

In Egypt there is a lack of information about the immune reaction to mixed MG and E.coli infections in
chickens vaccinated with NDV vaccine. These knowledge gaps encourage the need for more studies to
demonstrate the adverse effects of those infections on the immune system at the time of vaccination
(Naglaaetal.,2019).

Material and Methods
Chickens:
Three hundred, 3-week-old specific pathogen-free(SPF) chicks were obtained from Koom-Osheim Farm

in the Fayoum Governorate, Egypt. The chicks were fed add libitumwithout anticoccidial or antibacterial
ingredients in their feed.
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Mycoplasma gallisepticumstrain:

Local strain isolated by Animal Health Research Institute, Mycoplasma Department, Dokki, Giza, Egypt
and propagated as described byRodwelland Whitcomb(1983).

Viral strains used for challenge:

The CLEVB Viral Strain Bank provided the NDV strain 10° median embryo lethal dose(ELD)so
(genotype 7 accession number KM288609) and AIV (10° embryo lethal dose (ELD)so/ bird (HSN1 accession
number AFI44355),1BV (viral titer 10*°/ml), IBDV (viral titer 10°%ml), andReo virus(titer 10®> /ml).
Vaccinated chicks were underwent challenge testing using these viruses.

Inactivated viral vaccines:

Three types of inactivated viral bivalent poultryvaccines (ND, Al), (ND, IB), (ND, IBD) andone
monovalentinactivated viral vaccine (REO Vaccine)were obtained from CLEVB and were kept at (4 - 8 °C) till
use.

Experimental Design:

A total number of 300 SPF chicks were divided into 8 groups(30chicks/group) and group (9) is the
control group(60 chicks) (Table 1). All groups were placed into separate safety isolators with high
biosecuritymeasures.Vaccination of groups (from Group 1 to Group 8) with different viral vaccines was given
on day 21 shown in Table (1). To ensure that chicks of Groups (1, 3, 5 and 7) were experimentally infected
withMGinfection, they were inoculatedvia intranasal route. Group (9) kept as control group for challenge test.

Confirmation of MG Infection

Seven days before immunization with the viral vaccines, chickens of pre MG infected groups (G1, G3,
G5 and G7) wereinfectedwith M. gallisepticum strain intra-nasally and ensured the infection via inoculation of
M. gallisepticumsubcutaneously.A volume of 250uL of the infectious material suspension containing 10°cfu
of MG was instilled in the nasal sinuses as well as injected subcutaneously, Swabs were obtained directly
before vaccination from the eyes, noses and pharynxes of the experimentally infected chickens to confirm MG
infection (pre-infected groups). To increase the isolation of Mycoplasma, swabs were placed in pleura-
pneumonia-like organisms (PPLO) broth and then incubated at 37°C in a CO, incubator (10% CO,) for 4872
hours or until the broth's colour changed. Apart of the cultured broth was then spread onto a PPLO agar plate,
where it was incubated for 5-7 days at 37° C in a CO, incubator. Every day, plates were inspected with a stereo-
zone microscope to look for egg-fried colonies that were specific to Mycoplasma (Razin, 1983).

Serum samples isolated from all groups on daysl4, 21 and 28 after immunization with different
inactivated viral vaccines were subjected to serum plate agglutination (SPA)test for serological identification to
confirm the interaction of MG with viral vaccinations. This test was conducted to determine the existence of
MG antibody as described by Zute and Valdovska(2015).

The SPA test was made in the following way: 20ul of stained MG antigen was placed by unichannel on
a spotless glass slide or plate followed by addition of 20ul from standard MG antiserum (control positive
slide).20ulof PBS and 20plstandard MG antiserum was placed by unichannel on a clean plate (control negative
slide).20ul from serum sample was placed by unichannel on a clean plate followed by adding 20ulof standard
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MG antigen from each samble.The mixture on each slide was spread by using a glass rod over a circular area of
approximately 1.5 cm diameterand rotate the slide for 2 minutes.Result was observed within two minutes at
room temperature. Result after 2 minutes is considered negative. Agglutination formation, which exhibits as
antigen flocculation, shows a positive result for tested samples.

Challenge test:
Executed according to the steps described by OIE(2019).
Protection % against challenge test:

After 4 weeks from vaccination (WPV), 10 birds from groups (G1, G2, G3, G4, G5 and G6) were
challenged intra-nasally (IN) with NDV strain 10° median embryo lethal dose (ELDsg) (genotype 7 accession
number KM288609) and observed for ten days post challenge with daily recording of the positive cases
(nervousmanifestations as deviation of head and neck laterally,off-food and weight loss)for calculating the
protection percentage as described in Table (1).

At the same time 4 WPV, another 10 birds from groups (G1 and G2)were challenged intra-nasally (IN)
with AIV (10° embryo lethal dose (ELDsg)/ bird HSN1 accession number AF144355)and observed for ten days
post challenge with daily recording of the positive cases; the comb and wattle of sick birds showed cyanosis,
and they also had echymosis on their shanks, facial edema, greenish diarrhea and nervous manifestations such
torticollis and tremors (Table 1).

Ten birds were challenged intra-nasally (IN) 4 WPV with IBV (viral titer 10**/ml)in groups (3 and 4),
and via conjunctivawith IBDV (viral titer 10%%/ml) in groups (5 and 6), as well as withReo virus(titer 10> /ml)
in groups (7 and 8),Reo virus inoculation into the foot pad 0.1 ml/chick. One-foot pad of each chick was
checked for swelling at least 14 days after the challenge (Table 1). Ten birds total for every antigen vaccination
type. For 10 days following the challenge (DPC), all hens were monitored and checked daily in order to record
mortalities for each group and report any clinical signs.

Table (1): Different vaccinated infected and non infected groups representing different challenge viruses

. Challenge trial

Vaccine type . .
Mycoplasma  Gallisepticum

(MG) infection (4 weeks post vaccination)

A9 (Route)

ND Infected NDV Genotype 7 (I.N)

Al Infected AlV (1.N)

ND Not-Infected NDV Genotype 7 (1.N)

Al Not-Infected AlV (1.N)

ND Infected NDV Genotype 7(1.N)

IB Infected IBV (M41) (1.N)

ND Not-Infected NDV Genotype 7(1.N)

IB Not-Infected IBV (M41) (1.N)

ND Infected NDV Genotype 7(1.N)

Infected IBDV (52/70) (conjunctiva)

ND Not-Infected NDV Genotype 7(1.N)

Not-Infected IBDV (52/70) (conjunctiva)

Groups

Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

Group 7 Infected Reo V (S-1133) (foot pad)
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Not-Infected Reo V (S-1133) (foot pad)
Not-Infected,

Not-vaccinated

Newcastle disease (ND), Newcastle disease virus (NDV),Avian Influenza (AlIV), Avian Influenza virus (Al),
Infectious Bronchitis (IB), Infectious Bronchitis Virus (IBV),Infectious Bursal Disease (IBD), Infectious Bursal
Disease Virus (IBDV),and Reo. I.N=intranasal

Equation for protection%:

The following equation was used to determine the percentage of protection: Protection Percent =
(Number of challengedbirds with no symptoms)/ (total number of challenged birds) X100. This is the standard
method adopted for evaluation of veterinary biologics of inactivated poultry viral vaccines in Egypt.

Serological testes for detection of humeral antibody response:
a- Haemagglutination inhibition (HI) test for ND and Al:
It was conductedin accordance to (OIE 2019).

b. ELISA kits:

These kits were used for detection of IB, IBD and REO antibodies following the manufacturer’s
instructions.

Serological monitoring of antibodies:

Samples of blood were taken from jugular vein and kept in a slope position at 37°C for one hour then at
4°C overnight. Sera were then separated by centrifugation at 3000 rpm for 10 minutes and stored at -20°C. Sera
were inactivated at 56°C for 30 minutes before testing. Ten serum samples were collected from each group(1-8)
at14™ 21%and 28™ days post vaccination (PV) for post vaccination monitoring. Serum samples were tested
usinghaemagglutination inhibition test (HI) in groups containing ND and Alantigensgroups (1, 2, 3, 4, 5 and 6)
according to the technique described by OIE (2019) with standard (4HA units) for ND and Alantigens.While
groups(3,4,5,6, 7 and 8)containing 1B, IBD, REO antigens the antibody titers were estimated using enzyme-
linked (ELISA) test specific for each antigen according tothe manufacturer’s instructions.

Statistical analysis

We analyzed the results of the HI tests (Table-2) and ELISA tests (Table-3) and compared the
parametrical correlations using Student’s t-test Snedecor (1980). Significance level was at p>0.05

Results
Confirmation of Mycoplasma gallisepticum infection:

All samples swabbed from the MG infected birds (eye, nasal and pharyngeal swabs) grew fried egg
colonies on cultured plates, which were visible under a stereo microscope. Additionally, the SPA test revealed
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obvious agglutinations in all serum samples taken from the MG-infected groups but not in the non-MG-infected
groups.

Serological monitoring of antibodies for different vaccinated groups:

On days 14, 21, and 28 (2" week, 3" week and 4™ week) following immunization, marked significant (
at P > 0.05)increase in antibody titers was seen. The MG pre-infected group had the greatest titer of NDV
antibodies by HI test on days 28 post vaccination in groupsl, 3, and 5which were (7.7 log,, 7.8 log,, 7.9 log,,
respectively), whereas the NDV vaccinated non-infected groups(2, 4 and 6) had the lowest titers (6.5 log,, 6.7
logz, 7.1 logy,respectively). The MG pre-infected ND vaccinated groups (1, 3 and 5) were more protected
(100%, 90%, 100% respectively) than the non-infected NDVV vaccinated groups (2, 4 and 6) (90% for each)
according to the protection percentage against NDVV as shown in Table(2) , figure (1).

For AIV, on days 14, 21, and 28 (2™ week, 3 week and 4™ week) following immunization, also
antibody titers against AIV significantly ( at P > 0.05) increased inthe MG pre-infected and vaccinated
group(7.1 logy) in group(1) compared to non-infected and vaccinated group(2)as shown a titer of (6.5 log,).The
protection % in the MG pre-infected and vaccinated group(G1) was (90%) while in non-infected and vaccinated
group(G2) was (80%)as stated in table (2), figure (1).

Table (2): The mean haemagglutination inhibitiontest (HI) antibody titers and protection%against ND
and Al inactivated antigens in different bivalent vaccines

Days post vaccination Protection %
Virus titer (Log,)
2" week 3" week (10™day post challenge)
4.6 6.1 100%

5.1 6 90%

2.6 4.5 . 90%

4.1 5 . 80%
B8 7.0 90%
4.1 6.1 . 90%
3.7 7.1 100%
2.7 6.1 . 90%
0.0 0.0 . 0%

G1: Group 1 infected with MG thenafter 1 week vaccinated with bivalent vaccine (ND, Al),

G2: Group 2 vaccinated with bivalent vaccine (ND,Al),

G3: Group 3 infected with MG then vaccinated with bivalent vaccine (ND, IB),
G4: Group 4 vaccinated with bivalent vaccine (ND, 1B),

G5: Group 5 infected with MG then vaccinated with bivalent vaccine (ND, IBD),
G6: Group 6 vaccinated with bivalent vaccine (ND, IBD),

The protection % was calculated post-challenge.*Significant at p>0.05.
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Fig. (1): The mean HI antibody titers against ND and AT inactivated
antigens in different bivalent vaccines
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G1: Group 1 infected with MG then after 1 week vaccinated with bivalent vaccine (ND, Al),
G2: Group 2 vaccinated with bivalent vaccine (ND,Al),

G3: Group 3 infected with MG then vaccinated with bivalent vaccine (ND, 1B),

G4: Group 4 vaccinated with bivalent vaccine (ND, IB),

G5: Group 5 infected with MG then vaccinated with bivalent vaccine (ND, IBD),

G6: Group 6 vaccinated with bivalent vaccine (ND, IBD),*Significant at p>0.05.

For IB antigen detection by ELISAKIt in day 28 post vaccination (4 WPV) in group (3) that
representedthe MG pre-infected vaccinated groupS/P ratio of (1.7) and protection % of (90%) that was higher
with nonsignificant (at P > 0.05) increase than the MG non-infected and vaccinated group (Group 4) (0.6)S/P
ratioand protection % of (90%) as detailed in table (3), figure (2). In group (5) the MG pre-infected and
vaccinated group containing IBD antigen S/P ratio was (1.7) 4- weeks after vaccination and the protection %
was (100%) while in group(6) S/P ratio was (0.8)and the protection % was (90%).In group (7), increase the titer
of Reo antibodiesby ELISAtest at 28 dayspost-vaccinationwasinMGpre-infected Reo vaccinated group(0.3)
showed nonsignificant ( at P > 0.05) increase with a protection% (100%), compared to group (8) non-infected
vaccinated group with S/P ratio of (0.28)and a protection% (100%)as mentioned in the following Table (3),
figure (2).Group (9) represented the control for all groups showed (0%) protection.

Table (3): Antibody S/P ratio against 1B, IBD and Reo antigens in different inactivated vaccines tested by
ELISA and protection against virus challenge among the vaccinated groups

Days post vaccination Protection %

S/Pratio

2" week 3" week
0.217 0.6 . 90%

(10"day post challenge)
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G3: Group 3 infected with MG then vaccinated with bivalent vaccine (ND, 1B),
G4: Group 4 vaccinated with bivalent vaccine (ND, IB),

G5: Group 5 infected with MG then vaccinated with bivalent vaccine (ND, IBD),
G6: Group 6 vaccinated with bivalent vaccine (ND, IBD),

G7: Group 7 infected with MG then vaccinated with REO vaccine,

G8: Group 8 vaccinated with REO vaccine,

The protection % was calculated post-challenge.*Significant at p>0.05.

e I
Fig. (2): Antibody S/P ratio against IB. IBD and Reo antigens in different
nactivated vaccines tested by ELISA in the vaccinated groups

S/P Ratio

0 T - p -

2
Weelks Post Vaccination

—+— Group 3 —0O— Group4 —OC— Group35 —— Groupé¢

e Group 7 L4 Group 8 —— Group

G3: Group 3 infected with MG then vaccinated with bivalent vaccine (ND, 1B),
G4: Group 4 vaccinated with bivalent vaccine (ND, IB),

G5: Group 5 infected with MG then vaccinated with bivalent vaccine (ND, IBD),
G6: Group 6 vaccinated with bivalent vaccine (ND, IBD),

G7: Group 7 infected with MG then vaccinated with REO vaccine, G8: Group 8 vaccinated with REO vaccine.

Discussion
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In fact, vaccines play a significant role in the prevention and management of poultry diseases throughout the
world. Their usage in the industry of poultryhas historically been intended to prevent or minimize the
occurrence of clinical disease at the farm level and hence increase productivity. The availability of vaccinations
and immunization programs varies widely based on a number of local circumstances (such as the type of
production, biosecurity degree, local disease pattern, maternal immunity statusand potential losses). the poultry
industry usually oversees vaccination of poultry but, it is used only sporadically as part of a national or regional
disease eradication effort to eliminate a few significant chicken diseases (such as Al and ND).The effectiveness
of the vaccination program once it has been established should generally be modified and adjusted based on
local characteristics that may influence the strategy, the design, and the immunization schedule. The type of
poultry production (such as commercial or rural), the organization of the industry (such as vertical integration),
and the densities of various bird species are only a few of the various considerations that should be made as the
current state of the disease, the accessibility of vaccinations; the use of other vaccines; the resources available
(e.g. manpower and equipment); the costs involved; the presence of other diseases(Marangon and Busani,
2006).

Presence of other microorganisms such asMycoplasma contaminated vaccine or Mycoplasma infection
of hostmay produce varying degree ofimmunological responseFathy et al. (2017). Also, Ishfaq et al.
(2020)stated that Mycoplasma gallisepticum strains differ in virulence and infectivity, and infection might
occasionally be imperceptible and goes undetected.Before starting a control program, it is useful to knowthe
prevalenceof microorganisms in different poultry species in the area involved(Gole et al.,2012).1t predisposes
birds to the action of some vaccine strains, such as ND or IB, and other respiratory viruses (Stipkovits et
al.,2012). In line with current studyfindingthe results supported the observation of Bolha et al. (2013) when
mildly virulent virus strains infected birds that had already been infected withMycoplasma, the interactions
between the host,Mycoplasmacells, and virus could result in effects that differ from those of single pathogen
infection.The goal of this current work to demonstrate whether Mycoplasma infection affected the efficacy of
some inactivated bivalent and monovalent poultry viral vaccines and to assess the protection provided by
vaccination against viral challenge.Experimental co-infection of MG with avian influenza leads tosever clinical
signs and reduced weight gain(Stipkovits et al.,2012).

Respiratory infections are a common cause for increased mortality rates in poultry worldwide.
Circulating pathogens need to be identified and further characterizedto improve intervention strategies. It was
not known which pathogens contribute to the high mortality associated with respiratory disease,the main
pathogens are Mycoplasma gallisepticum(MG), Mycoplasma synoviae(MS), avian influenza virus (AlV), and
infectious bronchitis virus (IBV) in chicken and turkey flocks as multi-infections(Sid et al.,2015). Infection
with MG may result ina variety of respiratory signs including coughing, sneezing, and nasaldischarge (Naylor
et al.,1992). AIV has been found to be involved inmulti-causal respiratory infections where interaction with
Mycoplasma was thought to be responsible for high mortality (Bano et al.,2003),additionally, interaction of
IBV with pathogens including MG(Leighet al.,2012).

Combining a chicken-passage mild IB vaccine virus with MSincreased the incidence of air sacculitis
compared to a non-passage virus vaccine, so that chicks vaccinated with IB combined with MS vaccine have
higher antibody (AB) titers and are adequately protected against IBV disease alone as proposed byHopkins and
Yoder(1984).The study concluded that IB infection could cause latent Mycoplasma infection and highlighted
the importance of using Mycoplasma-free chickens when testing the efficacy of viral vaccines.The immune
system of chickens is negatively impacted by all known pathogenic mycoplasma infections. Unfortunately, at
the time of NDV vaccination, the immunomodulatory impact of MG has not yet been discovered. Naglaa
(2019)compared to the non-vaccinated non-infected chicken group, the MG and mixed infection groups with
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MG and Ecoli showed a significant increase in antibody titer from 28 to 35 day old, whereas the MG and mixed
infection groups with MG and Ecoli showed no significant elevation in NDV antibody ELISA titer over time.

M. gallisepticum can prevent phagocytosis and interfere with B and T lymphocyte operations.
Mycoplasma lipoproteins interact with the host immune system in which M. gallisepticum was reported to enter
non-phagocytic cells, such as chicken erythrocytes, it induces the expression of various enzymes and cytokines
(lymphoactin, CXCL13, CXCL14, RANTES, MIP-1b, IL-1b, and IFN-g) that aid in the development of local
tissue lesions.Mycoplasma-infected chickens are susceptible to subsequent bacterial infections. Chickens are
more vulnerable to various illnesses because of M. gallisepticum (Stipkovits et al.,2012). Another study
reported thatMycoplasma gallisepticummodulate host immunesystem through activation of toll-like receptors
(TLR)including TLR-2/TLR-4/TLR-6, nod-like receptors,and NF-kB pathway(Li et al., 2019; Chen et al.,
2020)

Mycoplasmas can affect the cell-mediated immune system by suppressing (in the chronic phase of
infection) or stimulating (in the acute phase of infection) B and T lymphocytes (Gaunsonet al.,2000), and this
can explain the immune stimulating effect ofMycoplasmaas seen in the current experiment that represents the
acute phase of infection where MG increased antibody titers significantlyagainst ND antigen in infected
vaccinated groups (G1, G3 and G5) (7.7 logz, 7.8 log,, 7.9 log,, respectively) 4 weeks post vaccination
significantly compared to non-infected groups (G2, G4 and G6) (6.5 log,, 6.7 log, 7.1 log,, respectively), as
these findings agreed with those of Silva et al.(2008) who found that MS infection followed by ND vaccination
seven days later resulted in higher and longer lasting serologic responses to ND vaccine in non-MS infected
chicks compared to infected and vaccinated chicks.

The effects of MG and MS on the antibody response to ND vaccination remain unknown, also the MG
pre-infected ND vaccinated groups (G1, G3 and G5) were more protected (100%, 90%, 100%, respectively)
than the non-infected NDVV vaccinated groups (G2, G4 and G6) (90% for each), according to the protection
percentage against NDVV as shown in Table(2).The non-vaccinated non-infected birds (G9), however, were
extremely vulnerable to the VVNDV challenge and had overt clinical signs. Clinically, they showed indications
of depression, anorexia, comb and wattle cyanosis, and respiratory indicators such gasping and rales.The
present study also agree with Fathy et al.(2017) whoconcluded that Influence of MG on the serological
immune response to inactivated viral monovalent vaccinations of chicken is significant and obvious.

The findings of this study examine the potential reasons why some viral poultry vaccines may produce
erroneous results during testing, particularly when chicken flocks have a history of Mycoplasma infection, also
elevated antibody titers by ELISA test against IBV, IBDV, and Reo virusthat concurred with this
currentfindings.At 28 days post-vaccination, the Mycoplasma pre-infected group (G1) had the significant
increased titer of Al antibodies by HI test, which was 7.1 log,, whereas the Al vaccinated non-infected group
(G2) had the lowest titers 6.5 log,. These findings corroborated those made by Thacker et al. (2001) who
employed anrespiratory experimental model to study M. hyopneumoniae and swine influenza
virusinteraction. The protection % inthe MG pre-infected and vaccinated group(G1) was (90%) while in non
infected and vaccinated group(G2) was (80%) as mentioned in Table (2), figure (1).The release of proteases
enzymes during the replication of bacteria like MG may be the cause of the increased pathogenicity as reported
by Subtain et al.(2016).In challenged chickens the most pathognomonic signs in unvaccinated group
(9)waswattleand comb cyanosis, echymosis on the shanks, facial edema, greenish diahrria and nervous signs

Also, the present study demonstrated that IB antigen detection by ELISA in day 28 post vaccination in
the MG pre-infected vaccinated group(G3) S/P ratio of (1.7) and protection % of (90%) that was not
significantly higher than the MG non-infected and vaccinated group (G4) (0.6)S/P ratioand protection % of
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(90%) as detailed in Table (3), figure (2).Affected birds in group (9) revealed congested trachea, caseous and
bloody plugs at the tracheal bifurcations, as the protection % was (0%).The MG pre-infected and vaccinated
group(G5) containing IBD antigenS/P ratio was (1.7) which not significantly increased4- weeks after
vaccination and the protection % was (100%) while in non-infected group (G6),S/P ratio was (0.8)and the
protection % was (90%). For group (9) the protection was (0%),petechiae and echymotic hemorrhages of the
thigh and pectoral muscles, a much enlarged and hemorrhagic bursa of Fabricius, a hemorrhagic mucosa
between the proventriculus and ventricular junction, and hemorrhagic caecal tonsils were all seen in the infected
birds.

In comparison to a single infection, Mycoplasma with multiple viral infections has shown more severe
clinical presentation (Sly and Jones,2011).Few studies have looked into how Mycoplasma species and APEC
affect chickens who have received the NDV vaccine. The decreased detectable hemagglutination (HI) and 1gG
antibody titers provided proof ofHassanin et al. (2014). Moreover, in Brazil, previously M. synoviae-infected
chicks showed weaker serological responses to the NDV vaccine Silva et al., (2008).

Naglaaet al. (2019) who made a single and mixed infections with (MG) and/or (E. coli) and cited the
effects on the chicken immune response elicited by (NDV) vaccine, which theyused to corroborate the current
studyfindings. The research focused on the immunosuppressive properties of MG and E. coli infection in
chickens who have received an NDV vaccine.

Al-Afaleq et al. (1989) stated that in the dually infected group, neutralizing antibodies byReo viruswere
found after 3 weeks and remained until the experiment's end at 15 weeks (Reo virus together with the MS
combined infection).Reck et al. (2012)described the histopathological alterations brought on by combination
MS and avian ortho-Reo virus infection in broilers. The presence of a synergistic interaction between MS and
the avian ortho-Reo virus was revealed by mixed infection.

The Reo highest titer of antibodiesby ELISAtest was at 28 dayspost-vaccinationinMGpre-infected Reo
vaccinated group(G7) (0.3)not significant and a protection% (100%), compared to non-infected vaccinated
group (G8) with S/P ratio of (0.28)and a protection% (100%)in which the results agreed with Fathy et al.
(2017). The control group (9) challenged with Reo virus revealed a straw-colored fluid has built up in the joint
space along with enteritis and oedema in the vicinity of the hock joints.

Different ages have a significant impact on the prevalence of M. synoviae infection in chickens. According to
Xue et al. (2017), rates increased with increasing age, with 1- to 3-day-old chicks reporting sero-prevalence
from 29 to 54%, and 2.70 to 5.65% for 3- to 4-week-old chickens, 35-week-old chick survival rates ranged from
71 to 83%Veronica et al. (2021)considered that the positive rates observed appeared to rise with sample age
according to PCR data, prevalence in layers was 95% and in broiler breeders was 35%. It is necessary to have a
deeper understanding of chicken immunological response to MG infection. According to Wang et al. (1990),
MG was identified as nonpathogenic, isolated from chickens' respiratory and reproductive tracts, and assessed
as a potential vector for MG antigen expression byEvan et al. (2005).Moreover,Mycoplasma-infected chickens
are susceptible to subsequent bacterial infections. It's been established that in addition to Mycoplasma infection,
E. coli can spread more quickly and cause bacteremia, severe air-sacculitis, and peritonitis. M. gallisepticum is
also known to decrease chickens immunological reaction to Haemophilus gallinarum. Additionally, it has been
shown that chickens with compromised immune systems, in which T-cell-mediated immunity is reduced, are
more susceptible to contracting the LPAI virusStipkovits et al. (2012).

More research is required to show the negative impact of those illnesses on the immune system at the
time of vaccination as a result of these information gaps.In this work, serological immune responses were used
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to highlight the outcomes of chicken immunization with inactivated viral vaccines, particularly in the presence
or absence of Mycoplasma infection in chicks. There is evidence that when compared to vaccine-treated flocks
without MG infection, flocks of chickens with MG infection may yield inaccurate results.

Conclusion

This workdesigned to demonstrate the differences in the efficiency of different inactivated poultry vaccines both
(monovalent and bivalent) that utilized in field by different routine tests evaluation comparing the results in
presence or absence of Mycoplasma gallisepticum selecting prevalent and updated challenge viruses strains
according to different vaccines antigens and focused on the incidence of false results to chicks flocks that
previously infected with Mycoplasma gallisepticum which can be a main factor for the significant increase in
antibody titers (G1, G3 and G5) (7.7 log,, 7.8 logy, 7.9 log,, respectively)for ND,(7.1 logy)for Al antigen (G1),
andS/P ratio (G3, G5 and G7) was (1.7, 1.7, 0.3) for IBV, IBDV, and Reo virus antigens respectively28 days
post-vaccination for the pre-infected groups. while thelowest titer appeared in non-infected vaccinated groups
(G2, G4 and G6) (6.5 logy, 6.7 logy, 7.1 log,, respectively)for ND, (6.5 log,)for Al antigen, andS/P ratio (G4,
G6 and G8) was (0.6, 0.8, 0.28) for IBV, IBDV, and Reovirus antigens respectively. The study propose the need
to take in consideration the different precautions needed to prevent exposure to Mycoplasma gallisepticum
indifferent farms or research laboratories during the evaluation process. Moreover, selecting suitable vaccines in
the predisposing farms to Mycoplasma infection.

Ethical approval

The study was approved by Central Laboratory for Evaluation of Veterinary Biologics (CLEVB),
Abbasia, Cairo, Agricultural Research Center (ARC), Giza, Egypt. All efforts were made to maintain ethics and
humane handling of chicks according to the ethical standards guidelines released by Cairo University
concerning animal welfare.

Study period and location
The study was conducted in March 2022 at (CLEVB), Abbasia, Cairo, Egypt..
References

Abd-Alla H I, Sweelam HM, Mohamed TA, Gabr MM, El-Safty MM and Hegazy MF (2017): Efficacy of
extracts and iridoid glucosides fromPentaslanceolataon humoral and cell-mediated immune response of
viral vaccine. Med. Chem. Res., 26: 2196.activating the TLR-2/MyD88/NF-kB signaling pathway
andNLRP3 inflammasome. Vet. Res. 51:52.

Al-Afaleq A, Bradbury JM, Jones RC and Metwali AM (1989): Mixed infection of turkeys with
Mycoplasma synoviae and reo virus: field and experimental observations. Avian Pathol., 18: 441-453.

Bano, S., K. Naeem and S. A. Malik (2003): Evaluation of pathogenic potential of avian influenza virus
serotype HIN2 in chickens. Avian Dis., 47:817-822.

Bolha L, Bencina D, Cizelj I, Oven I, Slavec B, Zorman RO, et al (2013): Effect of Mycoplasma synoviae
and lentogenic Newcastle disease virus coinfection on cytokine and chemokine gene expression in chicken
embryos.Poult. Sci., 92: 3134-3143.

Page 34




International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2022

December 31, 2022

Butcher, G. D. 2002. Last accessed Jul. 2020. MycoplasmaGallisepticum-A continuing problem in commercial
poultry.https://edis.ifas.ufl.edu/ps034.

Chen D, Weil Y, Huang L, Wang Y, Sun J, Du W, Wu Het al(2016): Synergistic pathogenicity in sequential
coinfection withMycoplasma hyorhinisand porcine circovirus type 2. Vet. Microbiol., 182: 123-130.

Chen, C., J. Li, W. Zhang, S. Shah, and M. Ishfaq. 2020. Mycoplasmagallisepticum triggers immune damage
in the chicken thymus by

Evan, J. D., S. A. Leigh, S. L. Branton, S. D. Collier, G. T. Pharr, and S. M. D. Bearson. 2005.
Mycoplasma gallisepticum: current anddeveloping means to control the avian pathogen. J. Appl.
Poult.Res. 14:757-763.

Fathy M,EI-SaftyMM, El-JakeeJK,Abd-AllaHI andMahmoudH(2017):Study the effect
ofMycoplasmacontamination of eggs used in virus titration and efficacy of some liveattenuated poultry
viral vaccines.Asian J. Pharm. Clin. Res.,10: 216-222.

Feizi, A., Nikpiran, H., Bijanzad, P., Moggadam, A.R.J. and Hosseini, H. (2013): Molecular Identification
and Sequencing of Mycoplasma gallisepticum Recovered from Broilers in Egypt. Adv. Biores., 4: 50-53.
Gharaibeh, S. and Al Roussan, D., 2008. Int. J. Poult. Sci.,7: 28-35.https://doi.org/10.3923/ijps.2008.28.35

Gaunson JE, Philip CJ, Whithear KG and Browning GF (2000): Lymphocytic infiltration in the chicken
trachea in response toMycoplasma gallisepticum infection. Microbiology, 146: 1223-1229.

Gharibi, D., R. Ghadimipour, and M. Mayahi (2018): Detection of Mycoplasma Gallisepticum and
Mycoplasma Synoviae Among Commercial Poultry in Khouzestan Province, Iran. Arch. Razi Inst.,
73:139-146.

Gole, V. C., K. K. Chousalkar and J. R. Roberts(2012): Prevalence of antibodies to Mycoplasma synoviae in
laying hens and possible effects on egg shell quality. Prev.Vet. Med., 106:75-78.

Gondal, M.A., Rabbani, M., Muhammad, K., Yaqub, M.T., Babar, A., Sheikh, A.A., Ahmad, A., Shabbir,
M. and Khan, M.l. (2013): Immunomodulatory Effect of New Castle Disease Virus on Inactivated
Mycoplasma gallisepticum Vaccine Response in Broilers. J. Anim. PI. Sci., 23: 1094-1098.

Hassanin, O., Abdallah, F. and Awad, A. (2014): Effects of florfenicol on the immune responses and the
interferon- inducible genes in broiler chickens under the impact of E. coliinfection. Vet Res Commun, 38:
51-58.

Hopkins SR and Jr Yoder HW (1984): Increasedincidence of airsacculitis in broilers infected with
Mycoplasma synoviae and chicken passaged infectious bronchitis vaccine virus. Avian Dis., 28: 386-
396.J. Anim. PI. Sci., 23: 1094-1098.

Jordan FTW, Yavari C and Knight D (1987): Some observations on the indirect ELISA for antibodies to
Mycoplasma iowaeserovar in sera from turkeys considered to be free fromMycoplasmainfections.Avian
Pathol., 16: 307-318.

Page 35



https://edis.ifas.ufl.edu/ps034
https://doi.org/10.3923/ijps.2008.28.35

International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2022

December 31, 2022

Kanci, A., D. S. Wijesurendra, N. K. Wawegama, G. J. Underwood, A. H. Noormohammadi, P. F.
Markham, andG. F. Browning. 2018. Evaluation of Mycoplasma gallisepticum (MG) ts-304 vaccine as
a live attenuated vaccine in turkeys. Vaccine 36:2487-2493.Kleven, S. H. (1998):Mycoplasmas in the
Etiology of Multifactorial Respiratory DiseasePoultry Science, 77:1146-1149.

Leigh, S.A., S.L. Branton, J.D. Evans and S.D. Collier(2012): Effect of infection route and concurrent
infectious bronchitis virus vaccination on Mycoplasma gallisepticumdisease pathology in an experimental
model. Avian Pathol., 41:497-503.

Li, J., Z. Qiao, W. Hu, W. Zhang, S. W. A. Shah, and M. Ishfag. 2019.Baicalin mitigated Mycoplasma
gallisepticum-induced structuraldamage and attenuated oxidative stress and apoptosis in chickenthymus
through the Nrf2/HO-1 defence pathway. Vet. Res. 50:83.

Lianmei Qin, Yiwen Chen and Xiaoxing You (2019): Subversion of the Immune Response by Human
Pathogenic Mycoplasmas, Front Microbiol., 10: 1934,

Marangon S and Busani L (2006): The use of vaccination in poultry production. Rev. Sci. Tech. Int. Epiz., 26:
265-274.

Marois, C., F. Oufour-Gesbert and I. Kempf (2000: Detection of Mycoplasma synoviae in poultry
environment samples by culture and polymerase chain reaction. Vet. Microbiol., 73:311-318.

Marwa FathyEl Sayed, Reem A. Soliman, Heba Mohamed Ghanem, Marwa M.S. Khedr, Gina M.
Mohamed and Mounir Mohamed Diab El Safty (2021):Trials for preparation and evaluation of a
combined  inactivated reassorted H5N1 and  Escherichia  coli  O157  vaccine in
poultry.Vet.World,14(6):1677-1681.

Muhammad Ishfaq, Wanying Hu, Mohammad Zeb Khan, ljaz Ahmad, Wenxin Guo,and Jichang Li
(2020):Current status of vaccine research, development, and challenges of vaccines for Mycoplasma
gallisepticum,Poultry Science 99:4195-4202.

Mukhtar, M., Awais, M., Anwar, M.l., Hussain, Z., Bhatti, N. and Ali. S. (2012): seroprevalence of
Mycoplasma gallisepticum Among commercial layer in Faisalabad,Pakistan, J. Basic Appl. Sci., 8:
183-186.

Naglaa F.S. Awad, Marwa |. Abd El-Hamid, Yousreya M.H., A.M. Erfan, B.A. Abdelrahman, and Hala
I. Mahmoud (2019): Impact of single and mixed infections with Escherichia coli and Mycoplasma
gallisepticum on Newcastle disease virus vaccine performance in broiler chickens: an in vivo perspective.
Journal of Applied Microbiology, 127:396-405.

Nascimiento, E., V. L. A. Pereira, M. G. F. Nascimiento, and M. L. Barreto. 2005. Avian micoplasmosis
update. Braz. J. Poult. Sci., 7:1-9.

Naylor, C.J., A.R. Al-Ankari, A.l. Al-Afaleq, J.M. Bradbury andR.C. Jones (1992): Exacerbation
ofMycoplasma gallisepticuminfection in turkeys by rhino-tracheitis virus. Avian Pathol., 21:295-305.

OIE (2019): Manual of Standard of Diagnostic Tests and Vaccines for Terrestrial Animals Safety Test. Ch.
2.3.4. Avian Influenza, OIE, Paris. p446.

Page 36



https://pubmed.ncbi.nlm.nih.gov/?term=Qin%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chen%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=You%20X%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6712165/

International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2022

December 31, 2022

Olanrewaju, H.A., Collier, S.D. and Branton, S.L. (2011):Effects of single and combined Mycoplasma
gallisepticum vaccinations on blood electrolytes and acid-base balance in commercial egg-laying
hens,Poult. Sci.,90: 358-363. https://doi.org/10.3382/ps.2010-01006

Orabi, A., Hussein, A., Saleh, A.A., EI-Magd, M.A. and Munir, M. (2017): Evolutionary insights into the
fusion protein of Newcastle disease virus isolated from vaccinated chickens in 2016 in Egypt. Arch.
Virol., 162(10): 3069-3079.

Rabia Riaz, Khushi Muhammad, Masood Rabbani, Muhammad Amjad Igbal, Aamir Riaz Khan, Sadia
Sarfaraz, Mudassar Naseer and Khalid Majeed (2021): Immunomodulatory Effect of New Castle Disease
Virus on Inactivated Mycoplasma gallisepticumVaccine Response in Broilers. Pakistan J. Zool., Vol. 53, Iss. 2,
pp. 793-796. DOI: https://dx.doi.org/10.17582/journal.pjz/20190701160742

Razin Sand Tully JG (1983):Methods in Mycoplasmology:Mycoplasma Characterization. Academic Press.
New York, NY. 431-439

Reck C, Menin AM, Pilati C and Milettia LC (2012): Clinical and histologic lesions of mixed infection with
Avianorthoreovirus and Mycoplasma synoviae in broilers. Pesqui. Vet. Bras., 32: 687-691.

Rodwell AW and Whitcomb RF (1983): Methods for direct and indirect measurement ofMycoplasmagrowth.
In: Razin S, Tully JG. Methods in Mycoplasmology. 1st ed., Academic Press, New York, 185-196.

Samy, A.andNaguib, M.M. (2018).Avian Respiratory Co-infection and Impact on Avian Influenza
Pathogenicity in Domestic Poultry: Field and Experimental Findings. Veterinary Sciences, 5(1),
23; https://doi.org/10.3390/vetsci5010023

Snedecor, G.W. and Cochran, W.G. (1980) Statistical Methods. 7"ed. lowa State University, Ames.

Sid H, Benachour K andRautenschlein S. (2015): Co-infection with multiple respiratory pathogens
contributes to increased mortality rates in Algerianpoultry flocks. Avian Dis., 59: 440-446.

Silva RCF, Nascimen ER, Pereira VLA, Barreto ML, Nascimento MGF(2008): Mycoplasma synoviae
infection on Newcastle disease vaccination of chickens. Braz. J. Microbiol., 39: 384-389.

Sly, P.D. and Jones, C.M. (2011): Viral co-infection in infants hospitalized with respiratory disease: is it
important to detect? J Pediatr(Rio J). 87:277-280.

Stipkovits, L.; Egyed, L.; Palfi, V.; Beres, A.; Pitlik, E.; Somogyi, M.; Szathmary, S. and Denes, B.
(2012): Effect of low-pathogenicity influenza virus H3N8 infection on Mycoplasma gallisepticum
infection of chickens. Avian Pathol., 41(1): 51-57.

Subtain SM, SohailManzoor S, Khan FM, Hussain Z, Mukhtar M, Sadia H, Abbas S and Choudhary |
(2016): Study on co-infection of Mycoplasma gallisepticumand low pathogenic avian influenza virus H9
in broilers. J. Antivir. Antiretrovir., 8: 95-99.

Thacker EL,ThackerBJ and JankeBH (2001): Interaction between Mycoplasma hyopneumoniae and swine
influenza virus. J. Clin. Microbiol., 39: 2525-2530.

Page 37



https://doi.org/10.3382/ps.2010-01006
https://dx.doi.org/10.17582/journal.pjz/20190701160742
https://doi.org/10.3390/vetsci5010023

International Journal of Agriculture and Biological Sciences- ISSN (2522-6584) Nov & Dec 2022

December 31, 2022
Veronica Cortes,Sandra Sevilla-Navarro, Cristina Garcia,*Ana Tudon,Clara Marin, and Pablo Catala-
Gregori (2021): Seroprevalence and prevalence ofMycoplasma synoviaein laying hens and broiler
breeders in Spain, 2021. Poultry Science 100:10091. https://doi.org/10.1016/j.psj.2020.11.076

Volokhov DV,GrahamLJ,BrorsonKA and ChizhikovVE(2011):Mycoplasma testing of cell substrates and
biologics: Review of alternative non-microbiological techniques. Mol. Cell Probes, 25: 69-77.

Wang, Y., K. G. Whithear, and E. Ghiocas. 1990. Isolation of Myco-plasma gallinarumand M. gallinaceum
fromthe reproductive tractof hens. Aust. Vet. J. 67:31-32.

Wei Zhang, Yuhao Liu, Qiaomei Zhang, Syed Waqas Ali Shah, Zhiyong Wu, Jian Wang, Muhammad
Ishfag and Jichang Li (2020): Mycoplasma gallisepticum Infection Impaired the Structural Integrity and
Immune Function of Bursa of Fabricius in Chicken: Implication of Oxidative Stress and Apoptosis, Front.
Vet. Sci. 7:225. doi: 10.3389/fvets.2020.00225

Xue, J.,, M. Y. Xu, Z. J. Ma, J. Zhao, N. Jin, and G. Z. Zhang (2017): Serological investigation of
Mycoplasma synoviae infection in China from 2010 to 2015. Poultry Science, 96:3109-3112.

Yilmaz, F., Timurkaan, N., Kilic, A., Kalender, H. and Kilinc, U. (2011): Detection of Mycoplasma
synoviae and Mycoplasma gallisepticum in chickens by immunohistochemical, PCR and culture methods.
Rev. Med. Vet., 162: 79-80.

Zhu, L., M.A. Shahid, J. Markham, G.F. Browning, A.H. Noormohammadi and M.S. And Marenda
(2018): Phylogenetic and pathogenic analysis of Mycoplasma Synoviae isolated from native chicken
breeds in China. BMC Genom., 19:117.

Zulfekar, A.M.;Rahman,M.M.D. and Sultana, S. (2015): Seroprevalence of Mycoplasma
gallisepticum antibody by ELISA and serum plate agglutination test of laying chicken. Vet. J., 8(1): 9-14.

Zute | and Valdovska A (2015):Prevalence of Mycoplasma gallisepticum in the commercial layer flock,
research for rural development. Vet. Med., 1: 168-173.

Page 38



https://doi.org/10.1016/j.psj.2020.11.076
https://www.frontiersin.org/people/u/388023
https://www.frontiersin.org/people/u/388023
https://www.frontiersin.org/people/u/466636
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali%20MZ%5BAuthor%5D&cauthor=true&cauthor_uid=27046987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=27046987
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sultana%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27046987

