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Mycoplasma gallisepticum
and Mycoplasma synoviae

 Bacteria
− Mollicutes
o No cell wall
o Smallest free-living organisms
o Smallest genome of any free-living 

organism

 Pathogenic and economically 
significant avian mycoplasma
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Economically Important 
Avian Mycoplasmas

 Mycoplasma gallisepticum (MG)
– Low prevalence
– High significance

 Mycoplasma synoviae (MS)
– High prevalence
– Low significance
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Possible Factors in Pathogenesis
of Mycoplasmas

 Attachment
 Ciliostasis
 Depletion of cell nutrients
 Local toxins
 Penetration of cells?
 Stimulation of immunopathological reaction
 Effects on lymphoid cells & macrophages
 Antigen variation – immune evasion
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Reaching target tissues

 MG organisms need to go 
from the conjunctiva and/or 
the nasal cavity to the trachea 
of the infected birds. Motility 
assists MG to reach tracheal 
epithelial cells.

 The movement of MG has 
been termed gliding motility 
and is likened to a flock of 
sheep grazing a field.

Gliding paths of MG (MG in red and paths in green) 
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Adherence to target tissues

 MG presents specialized terminal 
tip structures (red arrows).

 They are called terminal tips and 
mediate adherence of MG to the 
tracheal epithelial cells. 

 MG organisms adhere to tracheal 
epithelial cells and later, they 
multiply in the trachea causing 
loss of ciliary activity. 
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The terminal tips of two MG organisms in close 
proximity to the surface of the tracheal epithelium
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Colonization of lower respiratory tract

 Multiplication of MG in the tracheal 
epithelial cells allows MG organisms 
to penetrate deeper in the 
respiratory system and colonize the 
lower respiratory tract.

 Colonization of lower respiratory 
tract causes airsacculitis, one of 
the most common gross finding of 
MG infection.

Airsacculitis in bird infected with MG
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MG Disease Syndromes

 Infectious sinusitis in turkeys
 Chronic respiratory disease 

(CRD) in chickens
 Airsacculitis
 Egg production losses
 Complicated respiratory 

disease – respiratory viruses, 
E. coli
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MG in layers

 MG produces respiratory and 
also reproductive lesions: 
ovarian regression

 In laying flocks, MG infection 
can result in significant egg 
production losses
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MG in broiler breeders
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Glisson, J.R. & Kleven., S.H. (1984). Avian Dis, 28, 406-415. 
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MG Control Options

 Eliminate Flock
 Quarantine/Isolate
 Treatment
 Biosecurity
 Vaccine

 Live with it
– Medication
– Vaccines

 Keep it out
– Surveillance
– Quarantine 

and Slaughter
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Immunizing Agents Available for MG

• Inactivated oil-emulsion bacterins
• Recombinant MG Vaccine
• Live vaccines 

− F Strain
− ts-11
− 6/85
−K-strain
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Efficacy of Live Vaccines and Bacterin
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Immunity against MG

 Systemic humoral immunity
 Mucosal associated lymphoid tissue (MALT)
 Local humoral immunity
 Local cellular immunity
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Systemic humoral immunity

 Systemic antibodies:
MG infection stimulates a 
systemic humoral immune 
response mediated by 
circulating Ig M and Ig G.

 There is not a direct 
correlation between the 
levels of systemic Igs and 
protection.
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Mucosal associated lymphoid tissue 
(MALT)

 Harderian gland (HG):
HG contains B-lymphocytes responsible for 
antibody production (Ig A & Ig G) in the 
lacrimal fluid. 

 Nasal-associated lymphoid tissue (NALT):
B-lymphocytes found in the nasal mucosa, 
lateral nasal glands and their secretory              
ducts. MG infection stimulates production              
of Igs (A, G & M) in the nasal cavity. 
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Local humoral immunity

Humoral response in the trachea: 
 B-lymphocytes in the trachea produce Igs

A, G & M into the tracheal tract lumen.
 Igs present in the respiratory secretions

of the trachea represent an important 
mechanism for protection against MG 
because they inhibit the adherence
and multiplication of MG in the trachea.

 There is correlation between Ig levels
in respiratory secretions and protection 
against MG.

Igs present in the respiratory secretions in the trachea 
of birds infected with MG
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Local humoral immunity

B-lymphocytes in the tracheal mucosa stimulated 
by MG infection
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Local cellular immunity

Cell-mediated immunity (CMI)
in the trachea:
 Tracheal mucosa reacts to MG 

infection by producing two types
of T-lymphocytes:
− T-helper cells (lymphocytes CD4+) 
− T-cytotoxic cells (lymphocytes CD8+)
− The role of T-lymphocytes has not been 

demonstrated in the protection against 
MG. Humoral rather than cellular 
immunity proved to inhibit adherence
and multiplication of MG.

Mean concentrations of CD4+ (red bars) and CD8+ (grey bars)
in the trachea of birds infected with MG
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Local cellular immunity

T-lymphocytes infiltration
in chicken tracheal mucosa 
after MG infection
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New combined vaccination strategy

 Current field practice  – live plus killed programs 
proves to be an effective strategy to control MG 
in high challenge areas.

 Synergies among live + killed vaccines
−Role of live vaccines
−Role of killed vaccines
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Recent combined vaccination studies

1. Experimental Design:
– MG combined program (1L+2K) versus killed vaccination program

2. Experimental Design:
– MG combined program (1L+2K) versus live vaccination program

Scientific studies were conducted at the University of Georgia with the 
aim to establish that combining 1 live F strain and 2 inactivated 
vaccines delivered significant improvements in Mycoplasma control.
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Experimental Design 1
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Parameters evaluated

 Serology
 Air sac lesion scores
 Tracheal lesions
 Ovarian Regression
 Quantitative PCR

− Strain differentiating
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Serological Response
Combined program showed the highest
ELISA mean titer
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Quantitative PCR
Combined program showed the lowest
replication of challenge strain
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Tracheal Lesions
Combined program showed the lowest
tracheal thickness
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Air Sac Lesions
Combined program showed the lowest air-sac lesions

0

0.5

1

1.5

2

2.5

3

3.5

4

Neg Con Pos Control Bacterin only Live + Bacterin

M
ea

n 
Sc

or
e

Air Sac Lesions

23.3 wk 42.3 wk

bc

b

bcc

b

a
a

c

Values with a different lower case letter are significantly different (P< 0.05)

Naola Ferguson-Noel    May 2021



New combined
vaccination
strategy

3

PM-GLB-MAR-21-032230

Ovarian Regression
Combined program protected against ovarian regression
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Egg production
Combined program limited egg production drops
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Summary results 
Combined program (1L+2K)
versus killed vaccination program

Combined program (1L+2K) was superior to the killed 
vaccination program in the following parameters:
 Higher peak of antibody response 

 Lower percentage of air sac lesions

 No presence of ovarian regression

 The highest number of eggs (not statistically significant)
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Experimental Design 2
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Parameters evaluated

 MG colonization – quantitative PCR (trachea)
– 7 dpc and 14 dpc

 Air sac lesion scores
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Quantitative PCR for R-strain
Combined program increases resistance
of birds to infection
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Quantitative PCR for F-strain
Effective live F strain replication
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Air Sac Lesions
Combined program provided stronger protection
against air-sac lesions
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Summary results

Combined program (1L+2K)
versus live vaccination program
 Live+ Killed Program increases resistance of birds to 

infection (P < 0.05).

 Lower percentage of air sac lesions in group vaccinated 
with live plus killed groups (P < 0.05).
– The combined program performed better than the single live 

vaccination program which until now was considered to provide 
the best protection.
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Conclusions

New combined MG
vaccine approach provided:

Greater reduction
of MG replication.

Stronger protection
against lesions in the 

respiratory tract.

Combined MG
vaccination protocols 

(1L+2K) provide the best 
protection against the 

Mycoplasma challenge.
Recent research,

supported by Elanco,
is the first to demonstrate 
the efficacy of a combined 

MG vaccine approach.

Naola Ferguson-Noel    May 2021



PM-GLB-MAR-21-032240

References

1. Mycoplasmosis. Naola Ferguson-Noel. Diseases of Poultry 2013. Pages 875-941. 
2. Poultry mycoplasmas: sophisticated pathogens in simple guise. J.M. Bradbury. British Poultry Science 46 (2) 125-136.
3. Antibody responses in sera and respiratory secretions from chickens infected with Mycoplasma gallisepticum. Yagihashi T Avian diseases 1986 30:543-550.
4. Protective immune response to Mycoplasma gallisepticum demonstrated in respiratory-tract washings from M. gallisepticum-infected chickens. Avakian AP Avian diseases 1993 697-705.
5. Immunological response of chickens to Mycoplasma gallisepticum infection. Chhabra PC Avian diseases 1980 25:279-292.
6. Humoral and local antibodies in chickens with mixed infection with three Mycoplasma species. Bencina D Avian Pathology 1991 (20) 325-334.
7. The cellular immune response in the tracheal mucosa to MG in vaccinated and unvaccinated chickens in the acute and chronic stages of disease. Gaunson JE Vaccine 2006 2627.
8. Lymphocytic infiltration in the chicken trachea in response to Mycoplasma gallisepticum infection. Gaunson JE. Microbiology 2000 (146) 1223-1229.
9. Local immunity in the respiratory tract of the chicken. Aitken ID. Immunology 1976 (31) 33-37. 
10. Avian Immunology. Chapter 14: The Avian Respiratory Immune System. B. Kaspers 2014, 251-263.
11. Avian Immunology. Chapter 2: Structure of the avian lymphoid system. I. Oláh 2008, 32-36.
12. Conjunctiva-associated lymphoid tissue in avian mucosal immunity. Van Ginkel FW. Developmental and Comparative Immunology 36 (2012) 289-297.
13. The role of locally secreted antibody in resistance against Mycoplasma gallisepticum infection. Karaca K Proceedings from 35th Western Poultry Dis. Conf. 1986 90.
14. Abd-El-Motelib, T. Y., and S. H. Kleven. A comparative study of Mycoplasma gallisepticum vaccines in young chickens. Avian Diseases 37:981-987. 1993. 
15. Ferguson-Noel, N., K. Cookson, V. Laibinis, and S. H. Kleven. The Efficacy of Three Commercial Mycoplasma gallisepticum Vaccines in Laying Hens. Avian Diseases 56:272-275. 2012.
16. Age related differences in the immune response to vaccination and infection with Mycoplasma gallisepticum. Gaunson JE Vaccine 2006 1687.
17. Effect of Temperature-Sensitive MG Vaccine Preparations and Routes of Inoculation on Resistance of White Leghorns to Challenge. Karaca K Avian diseases 1986 30:772-775.
18. A modified live Mycoplasma gallisepticum vaccine to protect chickens from respiratory disease. Papazisi L Vaccine 2002 3709.
19. Response of chickens to inoculation with a temperature-sensitive mutant of mycoplasma gallisepticum. Lam KM Avian diseases 1986 382-388.
20. Resistance of chickens immunized against Mycoplasma gallisepticum is mediated by bursal dependent lymphoid cells. Lam KM. Veterinary Microbiology 1984. 9:509-514.
21. Poor systemic antibody response after vaccination of commercial broiler breeders with MG vaccine ts-11 not associated with susceptibility to challenge. Noormohammadi. Avian dis. 2002 623-8.
22. Karaca, K., and K. M. Lam. Efficacy of commercial Mycoplasma gallisepticum bacterin (MG-Bac) in preventing air-sac lesions in chickens. Avian Diseases 31:202-203. 1987.
23. Tracheal populations of Mycoplasma gallisepticum after challenge of bacterin-vaccinated chickens. Leven SH Avian diseases 1985 1012.
24. Mycoplasma gallisepticum (MG) laboratory and field studies evaluating the safety and efficacy of an inactivated MG bacterin. Hildebrand DG Avian diseases 1983 792.
25. Efficacy of commercial Mycoplasma gallisepticum bacterin (MG-Bac) in preventing air-sac lesions in chickens. Karaca K et al Avian Diseases 1987 202.
26. Comparison of immunity induced with a Mycoplasma gallisepticum bacterin between high- and low-responder lines of chickens. Yagihashi T Avian diseases 1992, 36:125-133.
27. Immunity induced with an aluminum hydroxide-adsorbed Mycoplasma gallisepticum bacterin in chickens. Yagihashi T Avian diseases 1987 31:149-155.
28. Protection and immunity in commercial chicken layers administered Mycoplasma gallisepticum liposomal bacterins. Barbour EK Avian diseases 1987 31:723-729.
29. Avian Immunology. Chapter 20: Practical aspects of poultry vaccination. Virgil E.J.C. Schijns, J. Sharma and I. Tarpey. Edited by F. Davison, B. Kaspers and K. A. Schat. 2008 Edition, Elsevier.
30. Elanco Data on file.
31. Elanco Data on file.
32. A sustainable Mycoplasma gallisepticum control program in multi-age farms. Kiers A. in Asian Poultry Magazine, March 2020: 36-40.
33. Mycoplasma gallisepticum vaccination: effects on egg transmission and egg production. Glisson, J.R. & Kleven., S.H. (1984). Avian Dis, 28, 406-415.

Naola Ferguson-Noel    May 2021



PM-GLB-MAR-21-0322

naolaf@uga.edu

THANK YOU

Naola Ferguson-Noel, DVM, MAM, PhD
University of Georgia, Poultry Diagnostic & Research Center

953 College Station Rd., Athens, GA 30602-4875

Phone: (706) 542-3068    Lab: (706) 542-5646

http://vet.uga.edu/avian

mailto:naolaf@uga.edu
http://vet.uga.edu/avian

	THINK TWICE �on Mycoplasma gallisepticum�control
	Outline
	Mycoplasma gallisepticum�and Mycoplasma synoviae
	Economically Important �Avian Mycoplasmas
	Possible Factors in Pathogenesis�of Mycoplasmas
	Reaching target tissues
	Adherence to target tissues
	Colonization of lower respiratory tract
	MG Disease Syndromes
	MG in layers
	MG in broiler breeders
	MG Control Options
	Immunizing Agents Available for MG
	Efficacy of Live Vaccines and Bacterin
	Immunity against MG
	Systemic humoral immunity
	Mucosal associated lymphoid tissue �(MALT)
	Local humoral immunity
	Local humoral immunity
	Local cellular immunity
	Local cellular immunity
	New combined vaccination strategy
	Recent combined vaccination studies
	Experimental Design 1
	Parameters evaluated
	Serological Response�Combined program showed the highest�ELISA mean titer
	Quantitative PCR�Combined program showed the lowest�replication of challenge strain
	Tracheal Lesions�Combined program showed the lowest�tracheal thickness
	Air Sac Lesions�Combined program showed the lowest air-sac lesions
	Ovarian Regression�Combined program protected against ovarian regression
	Egg production�Combined program limited egg production drops
	Summary results �Combined program (1L+2K)�versus killed vaccination program
	Experimental Design 2
	Parameters evaluated
	Quantitative PCR for R-strain�Combined program increases resistance�of birds to infection
	Quantitative PCR for F-strain�Effective live F strain replication
	Air Sac Lesions�Combined program provided stronger protection�against air-sac lesions
	Summary results
	Conclusions
	References
	Slide Number 41

