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ABSTRACT
Mycoplasmosis caused by Mycoplasma gallisepticum (MG) and Avian influenza virus (AIV: H9N2) infection are serious
health hazards for poultry. The AIV is low pathogenic but is cause of high morbidity and mortality in
immunocompromised birds. On 7th day of age, each bird of group A, B and C (n=10) was vaccinated (0.3ml: I/M) with
oil based O-MG, O-AIV and O-MG+AIV vaccine, respectively. Serum samples collected on 28, 35 and 42 days of age
were processed for determination of anti-MG-ELISA antibodies and anti-AIV-HI antibodies. Antibody response of the
birds to either immunogen of monovalent vaccines (O-MG and O-IV) was not significantly different (P>0.05) from
antibody titers against both the immunogens in combined vaccine (O-MG+AIV). It is concluded that oil based combined
O-MG+AIV vaccine induces effective antibody response in the vaccinated birds.
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programme of AIV (H9N2), but use of these vaccines is
limited (Haddipur et al., 2011). On the other hand,
vaccines used for control of the disease have been
gaining much support and AIV vaccines are used all over
the world (Mosleh et al., 2009).
Antibody response is specific to the immunogen.
Currently development and application of multiple
vaccine (multiple immunogens) in inactivated form in a
single vaccine dose is common practice in commercial
poultry and livestock farming. In poultry, oil based
NDV+IB, Coryza+Fowl cholera+E. coli, NDV+AIV,
etc., are prepared and commonly used (Pavic et al., 2010;
Vemula et al., 2013). MG and AIV infections are main
cause of economic loss to poultry industry so are issue of
main concern for poultry farmers. Present study was
therefore designed to prepare and evaluate antibody
response of broilers to oil based combined MG and AIV
vaccine.

INTRODUCTION
Avian mycoplasmosis is an important infectious
disease of commercial birds which hampers their
production. Among 20 different species, Mycoplasma
gallisepticum (MG) is one of the avian bacterial pathogen
responsible for chronic respiratory disease (CRD). In
Pakistan, the disease is quite common and it causes
enormous economic losses in the form of mortality,
carcass condemnation, drop in egg production, poor
hatchability and feed conversion ratio (Mukhtar et al.,
2012). The causative agent of the disease multiplies in
respiratory tract (trachea, lungs and air sacs) and
reproductive organs such as ovules and oviduct (Ahmed
et al., 2009; Indikova et al., 2013). The bacteria also
multiply in macrophages of internal organs particularly in
immunocompromised birds (Gondal et al., 2013). The
disease is further complicated with other poultry
pathogens such as Avian influenza, New Castle disease,
infectious bronchitis, fowl cholera, coryza, E. coli etc.
(Liu et al., 2001). The treatment of the disease in chronic
form is not effective and economical. The disease is only
controlled through effective immunoprophylaxis with
both killed and live MG vaccines (Olanrewaju et al.,
2011).
Avian influenza virus (AIV) is endemic in
Pakistan with a quite different situation in comparison to
other viral infections (Ahmed et al., 2009). The control
efforts directed against low pathogenic AIV (H9N2) in
poultry is not much successful to implement eradication
programme, together with the use of vaccines and
depopulation of sick birds. In some countries including
USA vaccines are being used as a part of control

MATERIALS AND METHODS
Source of organisms: Mycoplasma gallisepticum and
Avian influenza (H9N2) virus (AIV) seed culture were
obtained from University Diagnostic Laboratory (UDL),
University of Veterinary and Animal Sciences (UVAS),
Lahore. The MG seed in its active form was confirmed
through polymerase chain reaction (PCR) (Liu et al.,
2001; Ramadass et al., 2006).
Cultivation of organisms: MG was grown in laboratory
(Hennigan et al., 2012). The active culture (10ml) of the
organism (48 hours at 37oC incubated culture) was
inoculated in a flask of 2.5 liter capacity containing
100ml sterile Frey’s broth with 10 percent horse serum.
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The inoculated broth was incubated at 37oC at 5 percent
CO2 tension and observed daily for any growth. After
every 48 hours, 300ml of the broth was added in the
culture flask till to attain 1000ml of its final volume. The
grown MG culture was centrifuged at 3000xg for 20 min.
The final pellet resuspended in 10ml sterile phosphate
buffer saline (PBS) was centrifuged in Hopkin’s tube
(KimaxR, USA) at 3000xg for 20 min (Biro et al., 2005).
Final sediment in the Hopkin’s tube was resuspended in
PBS to make one percent bacterial suspension.
AIV inoculated in 10 days-old chicken embryos
through allantoic sac route were incubated at 37oC for 48
hours (Rota et al., 1990). Allanto-amniotic fluid (AAF)
was harvested from the embryos and processed for
embryo infected dose 50 (EID50) (Reed and Muench.,
1938).

water and feed were given ad lib. At 7th day of age, the
chicks were divided into A, B, C and D groups (n=10).
Vaccination schedule: O-MG, O-AIV and O-MG+AIV
vaccine were injected (0.3ml: subcut: mid-dorsal side of
neck) to each bird of group A, B and C, respectively and
birds of group D served as non-vaccinated control.
Collection of blood: Blood sample (1ml) was collected
from wing vein of each of the birds of each group on 28,
35 and 42 days of age. Each of the blood samples was
kept at room temperature (30oC±2) for 24 hours. The
serum thus separated from each sample was transferred to
properly labelled serum vials and stored at -40oC for
further processing.
Monitoring of antibodies: Anti-MG-ELISA and antiAIV-HI antibodies were determined using indirect
enzyme-linked immunosorbent assay (ELISA) (Pro-Flock
Synbiotic, USA) (Avakian et al., 1988) and
haemagglutination inhibition test (HI) (Rowe et al.,
1999), respectively.

Inactivation of cultures: Bacterial and viral cultures
suspensions were admixed with 0.125 percent of 37
percent formaldehyde (Scharlau, Spain) separately and
each of the mixtures was incubated at 37oC for 24 hours.
Inactivation of MG mixture was confirmed by culturing
the suspension on Frey’s medium and broth, incubating at
37oC at 10 percent CO2 tension and observing for seven
days for appearance of any specific growth of
Mycoplasma colonies or color change, respectively
(Koski et al., 1976).
The inactivation of AIV suspension was
evaluated by growing the culture in 10 days-old chicken
embryos. The inoculated embryos were incubated at 37oC
for 72 hours. No hem-agglutinating activity (HA) in AAF
indicated inactivation of the virus. Sterility of the culture
was determined on tryptose broth and blood agar. The
inoculated broth and plates were incubated at 37oC for 48
hours. No bacterial growth in the broth and the plates
indicated sterility of the AAF.

Statistical analysis: The data regarding HI test was
processed for calculating geometric mean titer (GMT) on
21, 28 and 35 days post-vaccination (DPV). Each value
of GMT was processed for calculation of cumulative
geometric mean titer (CGMT). Whereas, each value of
the experiment regarding anti-MG-ELISA titers was
divided by 100 and processed for calculating GMT on 21,
28 and 35 DPV. Mean values of antibody titers of each
group were compared using one way analysis of variance
(ANOVA) followed by Duncan Multiple Range Test
( Steel et al., 1997).

RESULTS
Broilers at 7th day of age were vaccinated with
either of O-MG, O-AIV and O-MG+AIV vaccine and
antibody response of the birds to the respective vaccines
was determined on 28, 35 and 42 days of age (Table-1
and 2). O-MG vaccine induced 102.18±63.41,
323.76±116.84 & 397.96±375.77 units of mean anti-MGELISA-antibody titers in vaccinated broilers on 21, 28
and 35 days post-vaccination (DPV), respectively.
Cumulative mean anti-MG-ELISA antibody titer of the
birds was 274.63±88.85. O-MG+AIV vaccine induced
130.03±45.24, 329.7875±91.94, 463.9875±171.47 units
of mean anti-MG-ELISA antibody titers in the vaccinated
broilers on 21, 28 and 35 DPV, respectively. Cumulative
mean anti-MG-ELISA antibody titer of the birds was
307.93±92.02. The non-vaccinated birds showed 1±0.5,
2.9±3.17, 8.33±6.54 units of mean anti-MG-ELISA
antibody titers on 28, 35 and 42 days of age, respectively.
Cumulative mean anti-MG-ELISA antibody titer of the
broilers was 4.07±2.20.

Preparation of vaccines: For preparing 0.3ml dose of oil
based MG vaccine (O-MG), 0.06ml of the chemically
inactivated one percent MG suspension was mixed in
0.06ml PBS and 0.18ml of Montanide ISA-70 (SEPPIC,
Singapore) oil.
For preparing oil based AIV vaccine (O-AIV),
0.06ml of the chemically inactivated AIV (H9N2)
suspension in AAF was mixed with 0.06ml PBS and
0.18ml montanide ISA-70 oil.
For preparing 0.3ml dose oil based combined
MG and AIV vaccine (O-MG+AIV), 0.06ml of one
percent MG suspension in PBS was mixed with 0.06ml
of AIV suspension in AAF and subsequently mixed with
0.18ml montanide ISA-70 oil.
Source of broilers: Forty broiler chicks (day-old) were
procured from Hi-Tech Hatchery, Sunder, Multan road,
Lahore and reared in experimental poultry sheds,
Department of Microbiology, UVAS, Lahore. Fresh
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O-AIV vaccine induced 39.4, 128 and 128 units
of geometric mean anti-AIV-HI antibody titers in the
vaccinated broilers on 21, 28 and 35 DPV, respectively.
CGMT of the birds was log298.5±51.15. O-MG+AIV vaccine
induced 52, 137.2 and 104 units of geometric mean antiAIV-HI antibody titers in the vaccinated broilers on 21,
28 and 35 DPV, respectively. CGMT of the birds was
log297.7±42.9. The non-vaccinated birds showed 6.1, 4.6 and

3 units of geometric mean anti-AIV-HI antibody titers on
28, 35 and 42 days of age, respectively. CGMT of the
birds was log24.53±1.22.
Antibody response of birds to either of the
immunogens in the combined vaccine was not
significantly different from that of birds vaccinated with
either of the monovalent vaccines (p<0.05).

Table-1. Comparative mean anti-MG-ELISA antibody response of broilers to inactivated oil based MG vaccines.
Type of vaccine

O-MG
O-MG+AIV
Control

Anti-MG-ELISA antibody titer
(DPV)
21
28
35
102.18±63.41
323.76±116.84
397.96±375.77
130.03±45.24
329.79±91.94
463.98±171.47
1±0.5
2.9±3.17
8.33±6.54

CGMT ± S.D

274.63a±88.85
307.93a ±92.02
4.07b±2.20

Note: Cumulative mean values of anti-MG-ELISA antibody titer in last column with different superscripts differ significantly
(P<0.05). MG: mycoplasma gallisepticum, AIV: Avian influenza virus, O: oil based, S.D: standard deviation, DPV: days postvaccination, CGMT: cumulative geometric mean titer.

Table-2. Comparative mean anti-AIV-HI antibody response of broilers to oil based AIV vaccines
Type of vaccine

O-AIV
O-MG+AIV
Control

21
39.4
52
6.1

Anti-AIV-HI antibody titer
(DPV)
28
128
137.2
4.6

CGMT±S.D
35
128
104
3

98.5a±51.15
97.7a±42.9
4.53b±1.22

Note: Cumulative mean values of anti-AIV-HI antibody titer in last column with different superscripts differ significantly (P<0.05).
AIV: Avian influenza virus, MG: mycoplasma gallisepticum, O: oil based, S.D: standard deviation, DPV: days post-vaccination,
CGMT: cumulative geometric mean titer.

gel is commonly used in veterinary and medical vaccine
formulations (Franchi and Nunez, 2008). Antibody
response to gel adsorbed vaccines is rapid, reaching peak
level and declines thereafter. The duration of gel based
vaccines is not more than 4-6 months (Vecchi et al.,
2012; Kerkvliet et al., 2013). Mineral oil encapsulates the
vaccinal macromolecules such as proteins, lipids,
carbohydrates, nucleic acids etc. The oil retains the
antigen at injection site for longer period than gel, alum
or salts. Oil is commonly used in dairy and avian
vaccines (Box and Furminger 1975; Fox et al., 2011). Oil
adjuvants being mild irritant, recruit antigen presenting
cells (APCs) which take up, process and present the
antigen on their surface in association with major
histocompatibility complex-II (MHC-II) antigens. Thelper cells recognize only those antigens which are
presented on the surface of APCs in association with
MHC-II antigens and undergo the process of blast
formation, proliferation and differentiation into effector
and memory T-helper cells. The effector cells secrete
cytokines which modulate immunogenesis pathway of
antigen-stimulated B-cells. The B-cells in the presence of
cytokines induce immunity for longer time period. In the

DISCUSSION
Chronic respiratory disease is caused by
Mycoplasma gallisepticum and is characterized by
chronic respiratory distress, wasting and reduced egg
production (Bradbury and Jordan 1971). Its variable
lipoprotein (haemagglutinin) eludes and causes
immunosuppression (Szczepanek et al., 2010). The
disease is economically important even in the absence of
clinical signs (Levisohn and Kleven, 2000). It is
controlled through strict biosecurity measures and massscale vaccination. Inactivated bacterial vaccine without
adjuvant absorbs from the inoculation site and is excreted
out from the body without inducing any specific antibody
response (Sarwar et al., 2013). The inactivated microbial
antigens in the vaccines are made water-insoluble by
adding chemicals such as mineral oil, alum and gel. Alum
precipitates the immunogens and minimizes their
absorption to induce immunity (Hyslop and Morrow,
1969; Park et al., 2014). Aluminium hydroxide gel is the
least toxic and adsorbs the vaccinal immunogen to make
it insoluble. In this way the gel increases retention time of
the immunogen at inoculation site. Being least toxic, the
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present study oil based monovalent O-MG and O-AIV
vaccines induced 274.63±88.85 and 98.5a±51.15 units of
cumulative anti-MG-ELISA and anti-AIV-HI antibody
titers in vaccinated birds, respectively.
Monovalent bacterial or viral vaccines have
multiple antigens/epitopes. Each of the antigens is driven
on
its
specific
pathway
without
interfering
immunogenesis of the others. Monovalent vaccine in
literary term means the vaccine against one pathogen
while bivalent or multivalent vaccine means the vaccine
against two or more than two pathogens. Multivalent
vaccines are commonly used in livestock (Celma et al.,
2013), poultry (Pavic et al., 2010; Vemula et al., 2013)
and small animals. Oil based bivalent O-MG+AIV
vaccine induced 307.93±92.02 and 97.7±42.9 units of
cumulative anti-MG-ELISA and anti-AIV-HI antibody
titers in vaccinated birds, respectively.
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