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Welcome message from the Local Organising Committee

On behalf of the Local Organising Committee, it is my great pleasure to welcome you to the 20th Congress of 
the International Organisation for Mycoplasmology, in Blumenau, SC, Brazil. The venue of the congress, the 
Carlos Gomes Theater, is part of the cultural frame of Blumenau, as the most traditional facility for events. With 
its privileged location, in downtown, the Theater facilitates displacement of event attendees to hotels, banks, 
restaurants, shopping centers and tourist attractions. A taxi cab point is located a few meters from the main 
entrance. Every room in the building is climatized and possesses wireless internet free of charge. The theater 
offers a parking facility, a restaurant service and wide saloons, being capable of adapting to the quality standards 
necessary to congresses such as the IOM Meetings. 

Dr. Pascal Sirand-Pugnet, together with the Scientific Programme Committee, have made a great job developing 
an excellent scientific program, and we will have the privilege to listen and interact with the eminent keynote 
speakers Prof. Dennis Kasper (USA), Dr. Takema Fukatsu (Japan) and Prof. Hélio Sader (Brazil). 

Blumenau is a 300,000 inhabitant village at the borders of the Itajaí River, 60 km from the Atlantic Ocean. 
Behavior and characteristics of a small town, traditions, habits and tastes which remember the times of our grand 
fathers. A place where you can sit downtown and, in spite of the cars movement, having the sensations of being 
in a quiet village of the countryside of Europe which combines the magic of European traditions with the Brazilian 
hospitality. A contemplative walk around the city takes the voyager to a travel into space and time, in a permanent 
contest between realities of today and yesterday.  A number of visiting options are available in Blumenau during 
and after the meeting. 

Together with carefully chosen social activities, we are certain that your experience during the first IOM congress 
held in Latin America will stay for a long time in your memories, as one of the most pleasant ones! 

Caio Mauricio Mendes de Cordova, 
Chair of the Local Organising Committee
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LOCAL ORGANISING COMMITTEE

Chair  Caio M. M. de Cordova  University of Blumenau, SC, Brazil 
Members Adrienny Costa  IPEVE, São Paulo, SP, Brazil
 Elmiro R. Nascimento  UFF, Rio de Janeiro, RJ, Brazil
 Henrique B. Ferreira   URFGS, Porto Alegre, RS, Brazil
 Jorge Timenetsky  USP, São Paulo, SP, Brazil
 Lucas M. Marques  UFBA, Salvador, BA, Brazil
 Maíra H. T. Liberal  PESAGRO, Rio de Janeiro, RJ, Brazil
 Maristela V. Cardoso  Inst. Biológico, São Paulo, SP, Brazil

With the support of the University of Blumenau (FURB), the Brazilian Society of Microbiology (SBM), the Federal 
Board of Pharmacy (CFF), the Regional Board of Pharmacy of Santa Catarina (CRF-SC), the National Counsil for 
Scientific and Technological Development (CNPq), the Ministry of Science and Technology (MCTI, FINEP), the 
Ministry of Education (ME, CAPES), and the Foundation for Research and Innovation of the State of Santa Catarina 
(FAPESC). Funding for this conference was made possible [in part] by 1 R13 AI 112163 - 01 from the National 
Institute of Allergy and Infectious Diseases. The views expressed in written conference materials or publications 
and by speakers and moderators do not necessarily reflect the official policies of the Department of Health and 
Human Services; nor does mention of trade names, commercial practices, or organizations imply endorsement 
by the U.S. Government.
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Welcome message from the IOM Chair

Hello again friends and colleagues,

On behalf of the Board of Directors I take great pleasure to welcome all delegates and accompanying persons to 
Blumenau, Santa Catarina, for the 20th International Congress of the International Organization for Mycoplasmology. 
Mycoplasmology is the study of the Mollicutes, including many bacteria that are either primary agents of human 
diseases or have significantly detrimental impacts on our animal- and plant-based food supply with socio-economic 
consequences for human and environmental health. This Congress, held biennially since 1976, is the only regular 
national or international meeting focused specifically on this topic. The Congress supports direct exchange of 
recent progress in mycoplasmology, helps to establish research goals and partnerships for the future, and also 
provides a venue for career development, networking and formal recognition of early career achievements by 
the next generation of young scientists. In keeping with the IOM’s global reach and traditions of exploration and 
discovery previous IOM Congresses were held in Australia, China, across Europe, Israel, Japan, Turkey, the U.K. and 
U.S., while 2014 marks the first time the Congress is held in a South American country.

The Scientific Program committee, chaired by Pascal Sirand-Pugnet, has arranged a week of plenary and poster 
sessions, plus high-profile interdisciplinary keynote lectures and award lectures in basic and translational 
mycoplasmology that are certain to be rewarding to the Congress delegates. The Local Organizing committee, 
chaired by Caio de Cordova, has worked hard to ensure an attractive venue at the Carlos Gomes Theater and 
an entertaining social program during our visit to Blumenau. We thank all the members of those committees 
for their dedication to the IOM. This Congress would not be possible without the logistical support of the city of 
Blumenau and its Convention and Visitors Bureau, the Universidade de Blumenau, the Convention and Visitors 
Bureau of Balneário Camboriú, the Santa Catarina State Secretary of Tourism, and financial contributions from 
IOM’s international corporate sponsors and the governmental agencies acknowledged in this program. To them 
we express our deep gratitude.

As always I welcome input from any IOM members regarding questions, concerns or suggestions that may be 
addressed by the Board. Best wishes for an exciting and memorable 20th IOM Congress in Brazil.

Daniel R. Brown
IOM Chair
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General information

Registration Desk
All members of the local staff and conference organisers will be available to answer any question you may have at any time. 
They will be wearing a t-shirt with the congress logo and a Staff badge, or an Organization badge.

Mobile phones
As a courtesy to all speakers and delegates, mobile phones must be turned off or on silent mode while delegates are in 
the lecture rooms. 

Badges
As a courtesy to other delegates, you are requested to wear your badge at all times during the congress. The appropriate 
entrance tickets, supplied with your congress material, must be presented for lunches and the social activities. 

Oral presentations
Speakers are required to provide their presentation in USB flash drive or CD preferably as Power Point files to the Media Desk 
at least one day before their scheduled oral presentation. Please avoid specific Apple (Mac) applications; the presentation 
must be compatible with the Windows® operational systems. Computers with internet acces and comfortable accomodations 
are available at the VIP Room (on the 1st floor, besides the Ballroom), where the speaker can check his presentation before 
delivering it to our staff. 

Poster presentations
Presenters from Poster session I should place their communication on Monday, June 2nd before 10:30 am and must remove 
their poster on Tuesday, June 3rd, at the end of the Poster session, by 5:30 pm.
Presenters from Poster session II should place their communication on Wednesday, June 4th before 9:00 am and must 
remove their poster on Thursday, June 5th, by 3:30 pm. 
Poster session will be held on the ground floor of the Carlos Gomes Teather. Materials to put up the posters will be provided by 
the congress organisers in the poster room. Number of poster’s board is the same as number of abstract in this book. Posters 
left on the boards beyond the specified timing will be subjected to discharge. 

Messages
Any message received will be passed onto the conference organisers and will be available at the registration desk. 

Dietary Requirements
Any special dietary requirements have been noted from your registration form and have been passed on to the caterers, please 
make yourself known to the catering staff.

Currency and Exchange
Only Brazilian Reais (R$) will be accepted at the registration desk and in the hotels/shops/restaurants facilities. On site 
registrations can be payed by international credit cards. 
There are several banks and Currency Exchange houses in Blumenau where other money can be changed.
Banks are generally open from Monday to Friday, from 10:00 to 16:00. Cash can be withdrawn 24 hours a day (with most credit 
cards) from automated cash machines generally located next to a bank or commercial centers.
National and foreign MasterCard, American Express, Visa and Diners (Discover) are accepted almost everywhere (hotels, 
restaurants, shops, gas stations, airports…).

Taxis
We recommend the central cab cooperative: +55 47 3322 3824, or directly to Mr. Müller: +55 47 9156 7455. You can also ask 
for help from our staff, they will call you a taxi promptly. 

Accommodation of Persons with Disabilities
The Carlos Gomes Theater is fully accessible, and information regarding accessibility are featured on the Congress website. 
Conference registration materials include an option for individuals with disabilities or special needs to voluntarily identify 
themselves.

Resources for Child and Family Care
Resources for child and family care during the Congress were publicized in the call for abstracts, in the program book, on the 
IOM ’swebsite, on the registration form and at the venue reception desk. At the venue these willinclude diaper changing areas 
in men’s/women’s toilets, a nursing privacy room, and a satellite room with flatscreen monitor where childcare providers can 
follow in real time the presentationsby platform speakers  in the main auditorium, upon demand. The park directly in front of 
the Carlos Gomes Theater can be used as an outdoor play area. Sources of first-aid and emergency medical services will be 
prominently publicized at the reception desk. Communal meals will include food options geared toward young children upon 
request during the registration process. The Congress registration form include an option for delegates to request professional 
fee-for-service child supervision, such as the “Kindergarten”offered through the Universityof Blumenau for visitors. Several day 
tours including family-friendly options to accommodate accompanying persons of all ages and activity levels throughout the 
week have been scheduled with support of the Blumenau Convention and Visitors Bureau. 
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International Organisation for Mycoplasmology Board of Directors (2010-2012)
IOM Board of D

rectors
Chair: Daniel Brown (USA)
Chair-Elect: Steven P. Djordjevic (Australia)
Past Chair:  Joachim Frey  (Switzerland)
Secretary-General:  Roger Ayling  (UK)
Treasurer:  Gail E. Gasparich (USA)
Membership-Secretary:  Anja Persson  (Sweden)
Information Officer: Chris Minion  (USA)
IRPCM Chair:  Glenn Browning  (Australia)
At-Large Members:  Mick Calcutt  (USA)
 Caio M. M. de Cordova  (Brazil), 
 Christine Knox (Australia), 
 Laura Regassa  (USA), 
 Brad Spiller (UK).

Scientific Programme Committee
IOM Scientific Commitee

Chair  Pascal Sirand-Pugnet   (France)
Members  Marc Marenda   (Australia)
 Maristela V. Cardoso  (Brazil)
 Jørgen S. Jensen   (Denmark)
 Sabine Pereyre   (France)
 Michael Kube   (Germany)
 Ran Nir-Paz   (Israel)
 Yuko Sasaki   (Japan)
 Jorg Jores   (Kenya)
 Maria Lluch Senar  (Spain)
 Anja Persson   (Sweden)
 Saskia Hogenhout  (UK)
 Kevin Dybvig   (USA)
 Meghan May   (USA)
 Sanjay Vashee   (USA)
 Duncan Krause  (USA) 
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IRPCM

The IRPCM (International Research Programme on Comparative Mycoplasmology) is a permanent standing 
committee of the IOM (International Organisation for Mycoplasmology). Its objective as defined in the Constitution 
is to advance and disseminate knowledge on all aspects of mycoplasmas (members of the taxonomic class 
Mollicutes). In furtherance of this objective, the programme shall aim to encourage individual and collaborative 
studies, including the effective exchange of scientific information, to reach this goal. Specifically, this will include:

 •Developing a more complete understanding of the cellular and molecular biology of mycoplasmas,  
  including those features that may be unique in the prokaryotic world to mycoplasmas;

 •Elucidation of the diversity of mycoplasmas; 

 •Defining virulence factors of mycoplasmas pathogenic to humans, domestic and wild animals,  
  and plants; and 

 •Identifying more effective means of diagnosis, prevention, and control of mycoplasma infections  
  and disease. 

IRPCM Board

Chair Glenn Browning 

Vice Chair Cécile Bébear

Past-Chair Sharon Levisohn 

Treasurer Gail E. Gasparich

Chair, ICSPSubcommittee  
On The Taxonomy Of Mollicutes Dan Brown

Ex-Officio Members Director,  
Mycoplasma Culture Repository Dan Brown 

Information Officer Chris Minion 

Current Team Leaders Avian Mycoplasmas Chris Morrow 

Chemotherapy Of Mycoplasma Infections Inna Lysyansky

Clinical Aspects Of Human Mycoplasmas Ran Nir-Paz 

General Diagnostics & Cell Culture Helena Windsor 

Molecular Genetics And Cell Biology Meghan May 

New And Emerging Species Ana S. Ramírez

Porcine DominiekMaes

Ruminants Ruben Rosales 

Spiroplasmas/Phytoplasmas/ 
Mesoplasmas/Entomoplasmas AssuntaBertaccini

Advisory Members Roger Ayling, Steven Geary, Ken Waites
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International Subcommittee on the Taxonomy of Mollicutes
Subcommittee on the Taxo

nomy of Mollicutes
Chair  Daniel R. Brown (USA)

Secretary  Giuseppe Firrao (Italy)

Members  Assunta Bertaccini (Italy) Laura McAuliffe (UK) 
 Alain Blanchard (France) Lucia Manso-Silvan (France) 
 Joachim Frey (Switzerland) Meghan May (USA) 
 Gail Gasparich (USA) Laura Regassa (USA) 
 Ryô Harasawa (Japan) Ricardo Rosenbusch (USA) 
 Nigel Harrison (USA) Konrad Sachse (Germany) 
 Tom Knight, Jr. (USA) Dmitriy Volokhov (USA) 
 Christine Knox (Australia)  

Emeritus members Jose Bové (France) Shmuel Razin (Israel) 
 Harold Neimark (USA) David Taylor-Robinson (UK) 
 Dennis Pollack (USA) 

Ex-officio members Glenn F. Browning (Australia)

IRPCM Teams Meetings

MONDAY, JUNE 2 - 17:00-18:00 
 Clinical Aspects of human mycoplasmas  Noble Room  
 Porcine mycoplasmas  Intermediary Room 
 Avian mycoplasmas  Green Room

TUESDAY, JUNE 3 - 17:30-18:30 
 Chemotherapy of Mycoplasma Infections Noble Room 
 Ruminant Mycoplasmas  Intermediary Room 
 Spiropl./Phytopl./Mesopl./Entomoplasmas  Green Room

WEDNESDAY, JUNE 4 - 17:00-18:00 
 Molecular genetics and cell biology  Noble Room 
 New and emerging species  Intermediary Room 
 General diagnostics and cell cultures  Green Room 
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IOM Awards

Emmy Klieneberger-Nobel Award
This award is in recognition for outstanding research in mycoplasmology.

Assunta Bertaccini. 
The award lecture is planned on Monday, June 2nd, from 09:30-10:15 and is entitled “Phytopathogenic 
mycoplasmas: from taxonomy to biology” 

Peter Hannan Award 
This award is in recognition for outstanding research in applied clinical mycoplasmology.

Cécile Bébéar. 
The award lecture is planned on Tuesday, June 3rd, from 13:45-14:30 and is entitled “Mycoplasma hominis, 
an opportunistic human mycoplasma: now what?”

Award Laureates Not Presenting:

Robert Whitcomb Award 
This award is in recognition for outstanding research in plant mycoplasmology.

Ing-Ming Lee. 
Ing-Ming Lee studies emerging and re-emerging plant diseases due to vascular-limited walled bacteria 
and cell wall-less microbes like phytoplasmas and spiroplasmas, causing economic losses to agricultural 
crops and damage to plants in the natural environment. The major focus of his laboratory is to develop new 
and improved molecular technologies for detection, identification, and classification of plant pathogenic 
phytoplasmas, spiroplasmas, and vascular-limited bacteria.

Derrick Edward Award
This award is in recognition for outstanding research in mycoplasmology by a young investigator. 

Carole Lartigue. 
Dr Carole Lartigue received her doctorate in 2003 from the university Victor Segalen in Bordeaux, France. 
During her thesis, in Alain Blanchard’s lab (INRA), she developed original molecular tools, required for 
functional genomics studies for several mycoplasma species including some of high veterinary importance. 
In November 2004, Carole joined the J. Craig Venter Institute (JCVI) Synthetic Biology team as a post-
doctoral fellow. Under John Glass’s supervision, she led the effort to develop genome transplantation 
methods to install the genome Mycoplasma mycoides subsp. capri into M. capricolum subsp. capricolum 
recipient cell. Her work was published in Science in 2007 and Carole was promoted to a permanent staff 
scientist position. There, she went on to collaborate with Dr Sanjay Vashee in the cloning of the whole M. 
mycoides genome as a centromeric plasmid in yeast. While in yeast, they have modified the mycoplasma 
genome and succeeded the transplantation of the engineered genome back into M. capricolum. This work 
was published in Science, in 2009. Because of her outstanding work, she was then promoted assistant 
professor. Using genome transplantation technology and genome assembly methods, the synthetic biology 
team achieved their final goal of creating a cell controlled by a synthetic genome in May, 2010. Carole has 
played a role in much of the work of the synthetic biology group. In 2010, Carole joined Alain Blanchard’s 
lab back where she continues to expand the utility of bacterial genome transplantation in Mycoplasmas and 
to understand the mechanism of the process.
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Nominees for Louis Dienes Award 
The Louis Dienes Award is made in memory of Louis Dienes. This award is given to recognize an outstanding 
poster in mycoplasmology by an author who is a postdoctoral fellow and who obtained the Ph.D. degree no more 
than five years previously.

Abstract numbers nominated

21 34 99 101
110 116 136 179

Nominees for Harry Morton Award 
The Harry Morton Student Award is made to honor Harry Morton and is given in recognition of an outstanding 
poster presentation in mycoplasmology by a graduate student at a regular Congress of the IOM.

Abstracts numbers nominated

13 16 25 33
35 58 75 76
78 109 130 142

158 164 174 177
179

Travel Awards Recepients 

 
IOM &  DiniduWijesurendra Australia Felipe Faccini dos Santos Brazil
Congress Martins OlusolaOlaogun Australia Verena Macedo Santos Brazil
funds Benjamin Bernard Armando Raymond Australia Lais Del Prá Netto Machado Brazil
 Michael Widjaja Australia NadiaMaría Rodríguez Preval Cuba
 Jerran Santos Australia Brian Arturo Mondeja Rodríguez Cuba
 YaimaBurgherPulgarón Brazil A. K. Tiwari India
 Jéssica Andrade Paes Brazil SanchitKumar India
 Fernanda Munhoz dos Anjos Leal Brazil SonalSehgal India
 Franciele Maboni Siqueira Brazil ElhemYacoub Tunisia
 Aline Teixeira Amorim Brazil ShrilakshmiHegde Austria
 Guilherme Barreto Campos Brazil ZigmundsOrlovskis UK
    
NIH*  Javid Muhammad USA Arthur Totten USA
 Sarah Dulson USA Rachel Jude USA
 Steven Distelhorst USA  

* froma grant application submitted by Daniel R. Brown. 
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Congress Locations and Social Programme

All lectures will take place at the main auditorium (first floor) of the Carlos Gomes Theater. The poster Poster 
sessions will be held on the ground floor. The IRPCM and the ESCMID meetings will be held at the rooms located 
on the ground floor or the mezzanine. You can see a map of the locations on the following page. The Banquet Diner 
will be held at the Bela Vista Country Club. A bus service will take the delegates to/from the Club on the scheduled 
times. 

Registration will take place at the Theater from Sunday to Monday, by the main entrance. 

Addresses

Carlos Gomes Theater
Rua XV de Novembro, 1181 - Centro 
Blumenau/SC
+55 (47) 3326 7166 / 3322 7008
Site: http://www.teatrocarlosgomes.com.br
E-mail: convencoes@teatrocarlosgomes.com.br

    

Bela Vista Country Club
Rua Anfilóquio Nunes Pires, 5300 - Bela Vista
Gaspar/SC
http://www.belanet.com.br/
+55 (47) 3397-9797 / Fax (47) 3397
Site : http://www.clubebelavista.com.br/
E-mail : imprensa@clubebelavista.com.br

SUNDAY, JUNE 1
 10:00-17:00 Registration – Carlos Gomes Theater main entrance 
 19:00-21:30 Welcome reception - Theater Ballroom (first floor)

MONDAY, JUNE 2
 08:30-17:00 Registration – Carlos Gomes Theater main entrance 
 19:00-20:00 Cultural night – Main Auditorium (first floor)

TUESDAY, JUNE 3
 19:00-22:00 Brazilian night – Theater Ballroom (first floor)

WEDNESDAY, JUNE 4
 18:30 – 21:30 International Student and Post-doc mixer (location to be announced) 

THURSDAY, JUNE 5
 19:30 Departure by bus from the Hotels (Plaza, Glória & Himmelblau)
 20:00-23:00 Banquet Diner at the Bela Vista Country Club; 2016 Congress presentation 
 22:30, 23:00, 23:30 Departure by bus to the Hotels (Plaza, Glória & Himmelblau)

FRIDAY, JUNE 6
 Optional post-congress tour 
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Congress Planner 
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20th IOM Congress - Programme at a Glance

Time Sunday, 1rst Monday, 2nd Tuesday, 3rd Wednesday, 4th Thursday, 5th Friday, 6th 

09:00   
Opening Ceremony 

      

Day-use at 
resort & 

Spa 
(optional 

post 
congres 

tour) 

15         

09:30   Emmy 
Klienerberger-
Nobel Award 

Lecture - Assunta 
Bertaccini 

Seminar 3 Seminar 4 Seminar 5 

45   Host pathogen 
interaction 

Virulence and host 
response 

 Evolution of 
mollicutes 

10:00         

15   
Coffee break 

      

10:30 

Subcommittee on 
Taxonomy of 

Mollicutes (Closed 
meeting) 

Coffee break Coffee break Coffee break 
45   

11:00         

15 Seminar 1 SYMPOSIUM II SYMPOSIUM III Seminar 6 

11:30 Detection and 
epidemiology 

Dealing with the 
host  

Genomes and 
beyond 

From genomics 
towards synthetic 

biology 
45   Keynote Lecture:  Keynote Lecture:    

12:00   Dennis Kasper Takema Fukatsu   

15           

12:30   

Lunch Lunch 
Lunch 

Lunch 

45   

13:00   

15   

13:30   

45 

IRPCM Board 
(Closed meeting) 

  P. Hannan Award 
Lecture - Cécile 

Bébéar 

  

14:00   

Short talks 2 

  

15 SYMPOSIUM I Seminar 7 

14:30 Epidemiology and 
control strategies  

Short talks 1 

Cell biology of 
mollicutes 

45 Keynote Lecture:    

15:00 Helio Sader 
Coffee break 

  

15    
Coffee break 

15:30 

IOM old Board 
meeting (closed 

meeting) 

Coffee break Coffee break 

Poster session 2 

45 Open meetings - 
ICSP - IRPCM - IOM 

Board - Poster 
Awards - Congress 

Closing 

16:00   

Poster session 1 

15 Seminar 2 

16:30 Control of mollicute 
diseases 

45     

17:00   
IRPCM Teams 

Concurrent Open 
Meetings 

IRPCM Teams 
Concurrent Open 

Meetings 

  

15     

17:30   
IRPCM Teams 

Concurrent Open 
Meetings 

  

45     

18:00   
ESCMID study group 

on mycoplasma 
infection in humans 

    

15       

18:30         

45         

19:00 Welcome reception Cultural Night Brazilian Night 
IOM New Board  

(Closed meeting) 
free evening 

Gala Diner -2016 
Congress 

Presentation 

 
 

 IRPCM mettings: IRPCM mettings: IRPCM mettings:  

 
 - Clinical Aspects of   

  Human Mycoplasmas 
- Chemotherapy of   
  Mycoplasma Infections 

- Molecular Genetics  
  and Cell Biology 

 

 
 - Porcine Mycoplasmas - Ruminant  

  Mycoplasmas 
- General Diagnostics  
  & Cell Culture 

 

 

 - Avian Mycoplasmas - Spiroplasmas/  
  Phytoplasmas/  
  Mesoplasmas/ 
  Entomoplasmas 

- New and Emerging    
  Mycoplasmas 
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Carlos Gomes Theater plan  
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MONDAY, JUNE, 2

09:00 - 09:30 Opening ceremony

09:30 - 10:15 Emmy Klieneberger-Nobel Award Lecture

10:45 - 12:30 Seminar 1: Detection and epidemiology

13:45 - 15:30 Symposium I: Epidemiology and control strategies

16:00 - 17:00 Seminar 2: Control of mollicute diseases

17:00 - 18:00 IRPCM

TUESDAY JUNE, 3

09:00 - 10:30 Seminar 3: Host pathogen interaction

11:00 - 12:35 Symposium II: Dealing with the host

13:45 - 14:30 Peter Hannan Award Lecture

14:30 - 15:30 Short talks 1: Mollicute diseases worldwide

16:00 - 17:30 Poster session 1

17:30 - 18:30 IRPCM

WEDNESDAY, JUNE, 4

09:00 - 10:30 Seminar 4: Virulence and host response

11:00 - 12:35 Symposium III: Genomes and beyond

14:00 - 15:00 Short talks 2: Molecular approaches for understanding and controlling mollicutes

15:30 - 17:00 Poster session 2

17:00 - 18:00 IRPCM

THURSDAY, JUNE, 5

09:00 - 10:30 Seminar 5: Evolution of mollicutes

11:00 - 12:30 Seminar 6: From genomics towards synthetic biology

13:45 - 15:15 Seminar 7: Cell biology of mollicutes

15:45 - 16:45 Poster awards, IRPCM and closing ceremony

IOM Scientific Programme Overview
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MONDAY, JUNE, 2

09:00 - 09:30 Opening ceremony

09:30 - 10:15 Emmy Klieneberger-Nobel Award Lecture
 Phytopathogenic mycoplasmas: from taxonomy to biology
  Assunta Bertaccini

10:15 - 10:45 Coffee break

10:45 - 12:30 Seminar 1
 Detection and epidemiology
  Conveners: Anne V. Gautier-Bouchardon and Jørgen Skov Jensen

10:45 - 11:05 Mycoplasma pneumoniae associated encephalitis in Jerusalem, Israel
  Rachel S Marans, Ayelet Michael-Gayego, Oded Shamriz, Allon E. Moses,  

 Diana Averbukh, Allon E. Moses, Carlos Hidalgo-Grass, Ran Nir-Paz*

11:05 - 11:25 Ureaplasma species and multiple banded antigen (MBA) variation detected in 
human chorioamnion: the effect on pregnancy outcome 
 Emma L. Sweeney*, Suhas G. Kallapur, Tate Gisslen, Sally-Anne Stephenson,  
 Alan H. Jobe, Christine L. Knox

11:25 - 11:45 Detection of Mycoplasma pneumoniae using isothermal amplification: towards a 
point-of-care device for clinicians 
 Jonas M. Winchell*, Brianna L. Petrone, Alexandra A. Delaney, Bernard J. Wolff, 
 Maureen H. Diaz

11:45 - 12:05 Development of a novel molecular typing technique for Mycoplasma synoviae 
 Remco Dijkman*, Anneke Feberwee, Constance Reugebrink, Wil Landman

12:05 - 12:25 Retrospective study of Mycoplasma iowae infection in meat turkey 
 S. Catania, M. L. Moronato, G. Boscaro, L. Gagliazzo, A. Matucci, C. Santone, F. Gobbo*

12:30 Lunch

13:45 - 15:30 Symposium I
 Epidemiology and control strategies 

 Conveners: Jose Perez-Casal and Ken B. Waites 

13:45 - 14:30 Antimicrobial resistance surveillance: Emergence, Epidemiology and molecular 
characterization of resistance mechanisms 
 Keynote lecturer: Helio Sader

14:30 - 15:00 Prevalence and risk factors associated with Mycoplasma genitalium infection in a 
south african women cohort 
 J.-H. Dubbink, B. Hay, S. Ouburg, C. Le Roy, S. Pereyre, S. A. Morré, C. Bébéar*,  
 R. H. Peters

15:00 - 15:30 Outbreak investigations of enzootic pneumonia in domestic pig: molecular 
epidemiology of Mycoplasma hyopneumoniae and the role of wild boar 
 Peter Kuhnert*, Gudrun Overesch

15:30 - 16:00 Coffee break 
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16:00 - 17:00 Seminar 2
 Control of mollicute diseases
  Conveners: Christine Citti and Roger Ayling 

16:00 - 16:20 Inactivation of the oppD gene generates a safe and effective M. gallisepticum 
vaccine 
 Chi-Wen Tseng, Anna Kanci, Glenn F. Browning*, Philip F. Markham

16:20 - 16:40 Development and validation of an attenuated Mycoplasma hyopneumoniae aerosol 
vaccine 
 Zhi-Xin Feng, Yan-Na Wei, Gui-Lan Li, Xiao-Ming Lu, Meng Kong, Yuan Gan,  
 Mao-Jun Liu, Qi-Yan Xiong, Fang-Fang Bai, Zhan-Wei Wang, Xu-Su Wu, Guo-Qing Shao*

16:40 - 17:00 Antimicrobial activity of Brazilian propolis against human mollicutes strains 
 Larissa dos Santos, Ariela Boedert, Alessandro Guedes, Caio M. M. de Cordova*

17:00 - 18:00 IRPCM 
 Clinical Aspects of Human Mycoplasmas 
 Porcine Mycoplasmas 
 Avian Mycoplasmas

18:00 - 19:00 ESCMID study group on mycoplasma infection in humans

Detailed Scientific Programme
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TUESDAY JUNE, 3

09:00 - 10:30 Seminar 3
 Host pathogen interaction
  Conveners: Ran Nir-Paz and Sanjay Vashee

09:00 - 09:25 Analysis of Transcriptome and Proteome of ’Ca. Phytoplasma mali’ highlights 
expression of genes involved in Pathogen-Host-Interaction and Metabolis 
 C. Siewert*, T. Luge, B. Duduk, E. Seemüller, C. Büttner, S. Sauer, M. Kube

09:25 - 09:50 Identification of cytoskeletal proteins of Mycoplasma penetrans 
 Steven L. Distelhorst*, Dominika A. Jurkovic , Mitchell F. Balish 

09:50 - 10:10 Investigation of the proteins of the pyruvate dehydrogenase complex in 
Mycoplasma pneumoniae 
 Anne Gruendel*, Roger Dumke, Kathleen Friedrich, Enno Jacobs

10:10 - 10:30 Characterization of surface lipoproteins of Mycoplasma hominis PG21 and 
differential expression after contact with human dendritic cells 
 Julien Goret, Chloé Le Roy, J. Mesureur, Arabella Touati, Hélène Renaudin,  
 Stéphane Claverol, Cécile Bébéar, Laure Béven, Sabine Pereyre*

10:30 - 11:00 Coffee break

11:00 - 12:35 Symposium II
 Dealing with the host 

 Conveners: Sabine Pereyre and Michael Kube

11:00 - 11:45 Keynote lecturer: Dennis Kasper

11:45 - 12:10 Mycoplasma hyopneumoniae is an invasive pathogen that invades epithelial cells 
and forms biofilms 
 B. Bernard Armando Raymond*, M. Rohde, S. Djordjevic

12:10 - 12:35 Phytoplasma Virulence Effector SAP54 Hijacks Plant Reproduction by Degrading 
MADS-box Proteins and Promotes Insect Colonization 
 Allyson M. MacLean, Zigmunds Orlovskis, Krissana Kowitwanich, Anna M. Zdziarska, 
 Gerco C. Angenent, Richard G. H. Immink, Saskia A. Hogenhout*

12:35 Lunch

13:45 - 14:30 Peter Hannan Award Lecture
 Mycoplasma hominis, an opportunistic human mycoplasma: now what? 

 Cécile Bébéar

14:30 - 15:30 Short talks 1
 Mollicute diseases worldwide 

 Conveners: Mitchell F. Balish and Brad Spiller

14:30 - 14:42 Mycoplasma pneumoniae infection in Slovenia between 2006 and 2013 
 Rok Kogoj, Tatjana Mrvič, Marina Praprotnik, Darja Keše*

14:42 - 14:54 Species diversity and infection patterns of hemotropic mycoplasmas in raccoons 
(Procyon lotor) in response to residential development 
 J.S. Hwang, D.V. Volokhov*, V.E. Chizhikov, H. Danaceau, N.L. Gottdenker
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14:54 - 15:06 Differences in virulence traits between Mycoplasma bovis isolates obtained from 
cattle and bison species 
 Muhammad Suleman, Tracy Prysliak, Pat Burrage, Edward Clark, Jennifer Davies, 
 Murray Woodbury, Claire Windeyer, Jose Perez-Casal*

15:06 - 15:18 Construction of a disease triangle for the grapevine disease Bois noir caused by 
‘Candidatus Phytoplasma solani’  
 Ana Rotter, Petra Nikolic, Neza Turnsek, Polona Kogovsek, Andrej Blejec,  
 Kristina Gruden, Marina Dermastia*

15:18 - 15:30 While Candidatus Liberibacter africanus, Ca. L. asiaticus and Ca. L. americanus 
are the three alfa-proteobacteria species associated with HLB (huanglongbing) of 
citrus, several phytoplasmas also are individually associated with HLB symptoms 
 Wulff, N. A.*, Teixeira, D.C., Martins, E.C., Ayres, A.J., Bové, J.M.

15:30 - 16:00 Coffee break

16:00 - 17:30 Poster session 1
 
17:30 - 18:30 IRPCM 

 Chemotherapy of Mycoplasma Infections 
 Ruminant Mycoplasmas 
 Spiroplasmas/Phytoplasmas/ Mesoplasmas/Entomoplasmas

Detailed Scientific Programme
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WEDNESDAY, JUNE, 4

09:00 - 10:30 Seminar 4
 Virulence and host response
  Conveners: Christine L. Knox and François Thiaucourt 

09:00 - 09:30 What makes Mycoplasma agalactiae a pathogen? 
 Rohini Chopra-Dewasthaly*, Shivanand Hegde, Shrilakshmi Hegde,  
 Martina Zimmermann, Martina Flöck, Joachim Spergser, Renate Rosengarten

09:30 - 09:50 Mycoplasma gallisepticum Lipoproteins Up-regulate Genes Encoding Inflammatory 
Mediators in Chicken Tracheal Epithelial Cells ex vivo 
 Sanjukta Majumder, Lawrence Silbart*

09:50 - 10:10 Analysis of differential gene expression in porcine lung compartments after an 
experimental infection with Mycoplasma hyopneumoniae in piglets 
 Ruben S. Rosales*, David Pérez, Obdulio García-Nicolás, Francisco J. Pallarés,  
 Julie Gough, Roger D. Ayling, Robin A.J. Nicholas, F. Javier Salguero

10:10 - 10:30 Induced serum resistance of U. parvum occurs without loss of immunodominant 
epitopes. 
 Ali F. Aboklaish, O. Brad Spiller*

10:30 - 11:00 Coffee break

11:00 - 12:35 Symposium III
 Genomes and beyond 

 Conveners: Saskia A. Hogenhout and Yuko Sasaki

11:00 - 11:45 Symbiosis, Evolution and Insect Diversity 
 Keynote lecturer: Takema Fukatsu

11:45 - 12:10 Predicting the minimal translation apparatus: lessons from the reductive evolution 
of Mollicutes 
 Henri Grosjean, Marc Breton, Pascal Sirand-Pugnet, Florence Tardy, François 
 Thiaucourt, Christine Citti, Aurélien Barré, Satoko Yoshizawa, Dominique Fourmy, 
 Valérie de Crécy-Lagard, Alain Blanchard*

12:10 - 12:35 Proteases shape the membrane surface protein topography of Mycoplasma 
hyopneumoniae 
 Steven. P Djordjevic*, Benjamin B. A. Raymond, Jessica L. Tacchi, Iain Berry

12:35 Lunch

14:00 - 15:00 Short talks 2
 Molecular approaches for understanding and controlling mollicutes
  Conveners: Inna Lysnyansky and Joerg Jores

14:00 - 14:12 Expression of differential extracellular domains of orthologous surface proteins 
from Mycoplasma hyopneumoniae and Mycoplasma flocculare

  Fernanda Munhoz dos Anjos Leal*, Carolina Lummertz Martello, Veridiana Gomes 
 Virginio, Luciano Reolon, Irene Silveira Schranck, Henrique Bunselmeyer Ferreira

14:12 - 14:24 The Sialidase and Variable Surface Proteins Show Enhanced Evolvability in 
Mycoplasma synoviae Versus Mycoplasma gallisepticum 
 Meghan May*, Daniel R. Brown, Steven J. Geary, Edan R. Tulman

Detailed Scientific Programme

cmcordova
Highlight

cmcordova
Highlight

cmcordova
Highlight



20th Congress of the International Organization for Mycoplasmology - IOM24

14:24 - 14:36 A self loading microfluidic system for rapid detection of Mycoplasma mycoides 
subsp. mycoides and Mycoplasma capricolum subsp. capripneumoniae at 
the point-of-care 
 Anne Liljander*, Julia F. Nepper, Joerg Jores, Douglas B. Weibel

14:36 - 14:48 Wide dispersal and diversity of integrative conjugative elements within ruminant 
Mycoplasmas 
 Florence Tardy, Virginie Mick, Emilie Dordet-Frisoni, Marc Marenda,  
 Pascal Sirand-Pugnet, Alain Blanchard, Christine Citti*

14:48 - 15:00 Comparative genome analysis of Mycoplasma pneumoniae 
 Li Xiao*, Travis Ptacek, John D. Osborne, Ranjit Kumar, Warren L. Simmons,  
 Lynn B. Duffy, Donna M. Crabb, Elliot J. Lefkowitz, Ken B. Waites, T. Prescott Atkinson, 
 Kevin Dybvig

15:00 - 15:30 Coffee break

15:30 - 17:00 Poster session 2
 
17:00 - 18:00 IRPCM 

 Molecular Genetics and Cell Biology
  General Diagnostics & Cell Culture
  New and Emerging Mycoplasmas 

Detailed Scientific Programme
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THURSDAY, JUNE, 5

09:00 - 10:30 Seminar 5
 Evolution of mollicutes
  Conveners: Paola Pilo and Makoto Miyata 

09:00 - 09:25 Adaptive evolution of phytoplasma effector SAP11 
 Zigmunds Orlovskis*, Maria Cristina Canale, Allyson MacLean, Joao Spotti Lopes, 
 Saskia Hogenhout

09:25 - 09:50 Genome diversity and evolution in insect-associated Spiroplasma 
 Chih-Horng Kuo*

09:50 - 10:10 Evolutionary history of contagious bovine pleuropneumonia using Next generation 
sequencing of Mycoplasma mycoides subsp. mycoides “small colony” 
 Virginie Dupuy, Lucía Manso-Silván, Valérie Barbe, Patricia Thebault,  
 Emilie Dordet-Frisoni, Christine Citti, François Poumarat, Alain Blanchard,  
 Marc Breton, Pascal Sirand-Pugnet, Francois Thiaucourt*

10:10 - 10:30 The origin of the ‘Mycoplasma mycoides cluster’ coincides with domestication of 
ruminants 
 Anne Fischer, Beth Shapiro, Martin Heller, Christiane Schnee, Pascal Sirand-Pugnet, 
 Joachim Frey, Joerg Jores*

10:30 - 11:00 Coffee break

11:00 - 12:30 Seminar 6
 From genomics towards synthetic biology
  Conveners: Maria Lluch Senar and Alain Blanchard

11:00 - 11:25 Analysis of complete genomes highlights differences in encoded metabolic and 
virulence-related features in acholeplasmas and phytoplasmas

  M. Kube*, C. Siewert, S. Holz, B. Duduk, E. Seemüller, C. Büttner

11:25 - 11:50 Large chromosomal replacements occur in vitro within and among ruminant 
mycoplasmas via an unconventional mechanism involving conjugation and 
homologous recombination

  Emilie Dordet-Frisoni, Eveline Sagné, Eric Baranowski, Laurent Xavier Nouvel,  
 Florence Tardy, Alain Blanchard, Marc Serge Marenda, Marc Breton,  
 Pascal Sirand-Pugnet, Christine Citti*

11:50 - 12:10 Extending genome transplantation using Mycoplasma capricolum subsp.  
capricolum as a recipient cell

  Anne Lebaudy, Géraldine Gourgues, Claire Charenton, Pascal Sirand-Pugnet*,  
 Joerg Jores, Sanjay Vashee, Alain Blanchard, Carole Lartigue

12:10 - 12:30 Understanding the mechanism of hydrogen peroxide production in Mycoplasma 
mycoides subspecies capri using synthetic biology techniques

  Suchismita Chandran, Nacyra Assad-Garcia, Li Ma, Ray-Yuan Chuang, Sheetala Vijaya, 
 John I. Glass, Alain Blanchard, Joerg Jores, Carole Lartigue, Sanjay Vashee*

12:30 Lunch

13:45 - 15:15 Seminar 7
 Cell biology of mollicutes
  Conveners: Meghan May and Nelson A. Wulff
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13:45 - 14:10 Phytoplasma cultivation from a micropropagated plant collection 
 N. Contaldo*, D. Windsor, H. Windsor, S. Paltrinieri, E. Satta, A. Bertaccini

14:10 - 14:35 Localization and roles of F1-ATPase subunit homologs and P42 of Mycoplasma 
mobile revealed by gene manipulation 
 Isil Tulum*, Masaru Yabe, Atsuko Uenoyama, Makoto Miyata

14:35 - 14:55 Biochemical and structural characterization of a putative uncharacterised protein in 
Mycoplasma hyopneumoniae reveals novel moonlighting functions 
 Jerran Santos*, Marcelo Moreno, Veronica Jarocki, Benjamin Raymond,  
 Jessica Tacchi, Matthew Padula, Steven Djordejevic

14:55 - 15:15 Functional characterization of Mycoplasma hyopneumoniae Type I signal peptidase
  Jéssica Andrade Paes*, Rafaela Milan Bonotto, Veridiana Gomes Virginio,  

 Arnaldo Zaha, Henrique Bunselmeyer Ferreira

15:15 - 15:45 Coffee break

15:45 - 16:45 Poster awards, IRPCM and closing ceremony

Detailed Scientific Programme

cmcordova
Highlight



ABSTRACTS





20th Congress of the International Organization for Mycoplasmology - IOM 29

ORAL PRESENTATION

Emmy Klieneberger-Nobel Award Lecture
 

1
Phytopathogenic mycoplasmas: from taxonomy to 
biology

Assunta Bertaccini
DipSA, Plant Pathology, Alma Mater Studiorum - University of Bologna, Italy 

Phone: , Fax: , Email: assunta.bertaccini@unibo.it

“…we must make an attempt to species definition. In doing so we are 
confronted by the paradoxical incongruity of trying to establish a fixed stage 
in the evolutionary stream. If there is evolution in the true sense of the word, 
as against catastrophism or creation, we should find all kind of species – 
incipient species, mature species, incipient genera, as well as all intermediate 
conditions” (Ernst Mayer, 1942, Systematics and the origin of species). This 
is the sentence opening R.F. Withcomb presentation for his EKN award in 
1994, just twenty years ago, when I attended my first IOM meeting. Since 
then the study of phytopathogenic mycoplasmas (or phytoplasmas) was 
mainly devoted toward their classification based on molecular dissecting 
of their ribosomal DNA and of other conserved genes. The availability of a 
robust and quite exhaustive classification system allowed recently to also 
developing barcodes capable to identify them. However this research could 
end in a sterile play, producing shopping lists of genotypes, if the knowledge 
of phytoplasma biology is not accompanying their taxonomy. We gained a 
lot of information from full genome sequencing on putative biochemical 
pathways, all showing that phytoplasmas are very special microorganisms 
because they lack a lot for relevant features: cell wall, mobility, key enzymes 
and pathways. What they have is a small efficient chromosome and tricky 
metabolisms, allowing them to a trans kingdom life of interaction that 
often increase activity of their hosts enhancing insect fitness, plant shoot 
production, changing shape and colour of flowers. For some of them it 
looks also that they are preparing to become relevant permanent cell hosts. 
However they are still far from loosing independence and freedom as they 
can also act as very dangerous pathogens for many relevant agricultural 
crops. Biology represents still the much unknown part of phytopathogenic 
mycoplasmas; but recently as a small step toward opening the study of their 
biology was achieved, and the confirmation of the huge amount of molecular 
information gained in the last twenty years of research is waiting. Only the 
knowledge of their day by day biology will help in defining feasible solutions 
to reduce phytoplasma impact on worldwide agriculture suggesting the best 
management strategy. Just we need to remember that to win the enemy we 
must know him very well.

Seminar 1: Detection and epidemiology

2
Mycoplasma pneumoniae associated encephalitis in 
Jerusalem, Israel

Rachel S Marans, Ayelet Michael-Gayego, Oded Shamriz, Allon E. Moses, 
Diana Averbukh, Allon E. Moses, Carlos Hidalgo-Grass, Ran Nir-Paz

Hadassah-Hebrew University Medical Center, Jerusalem, Israel 
Phone: , Fax: +972-2-6419545, Email: ran.nirpaz@gmail.com

Mycoplasma pneumoniae is one of the leading causes of respiratory 
infections. Furthermore, extra respiratory tract manifestations are quite 
common. One of the most interesting is the Central nervous system (CNS) 
involvement either by indirect immunological phenomenon or by direct 
invasion. Although some reports suggest a prevalence of CNS involvement in 
up to 5% of M. pneumoniae infected patients, we rarely observed this in our 
institution. Here we report an unusual cluster of patients with neurological 
symptoms, mainly encephalitis in whom M. pneumoniae has been detected 
by PCR in the CSF of patients. We retrospectively identified all cases who had 
either positive M. pneumoniae PCR throat swab and CSF with neurological 
manifestations or patients who had encephalitis with M. pneumoniae 
respiratory infection. All patients were admitted to the Hadassah-Hebrew 
University medical center In Jerusalem, Israel. We found five patients who 
had M. pneumoniae associated respiratory infections associated with 
neurological manifestations ( Less than 1% of M. pneumoniae patients 
identified in our institution). In four M. pneumoniae patients PCR was positive 
in both the CSF and throat swab and in one positive throat swab with clinical 
encephalitis, but CSF was not tested. Interestingly, 80% were from Arab 
population (in contrast to ~18% of the total M. pneumoniae positive patients 
at our institution). Most cases were observed during December 2013 and 
January 2014.  One of the five patients died, and four substantially improved. 

This recent cluster of patients with M. pneumoniae associated encephalitis 
probably suggests a local cluster affecting mainly the Arab community of 
Jerusalem. The CSF positive PCR is intriguing and might reflect an invasive 
virulent strain.
                                                                                                                                                                                                    
3
Ureaplasma species and multiple banded antigen 
(MBA) variation detected in human chorioamnion:  
the effect on pregnancy outcome

Emma L. Sweeney1, Suhas G. Kallapur2, Tate Gisslen2, Sally-Anne 
Stephenson1, Alan H. Jobe2, Christine L. Knox2

1 Institute of Health & Biomedical Innovation, Queensland University of 
Technology; 2 Cincinnati Children’s Hospital Medical Centre,  

University of Cincinnati 
Phone: 61 7 3138 2301, Fax: 61 7 3138 3080, Email: c.knox@qut.edu.au

Background:   Each year, 15 million (10%) babies are delivered preterm, the 
majority (8%) in late gestation 32- 36 wks. Intra-uterine infection is present 
within the upper genital tract (UGT) for the majority of preterm births and 
Ureaplasma species are the most prevalent microorganisms detected, but 
not all women with ureaplasmas within their placentae deliver preterm. 
U. parvum serovars 3 and 6 (each with a single multiple banded antigen 
(MBA) variant), inoculated intra-amniotically into sheep, generated MBA 
variants during acute (7d) infections and chronic 69d infections in vivo. As 
yet MBA variation of ureaplasmas within human UGT tissues has not been 
reported. Method: Placental tissues from women giving birth late preterm 
(32–36 weeks) or at term (>37 weeks) were tested for the presence of 
bacteria by culture and PCR and graded for the severity of chorioamnionitis. 
Ureaplasmas were further speciated, serotyped, and MBA variants within 
the tissues were characterised by western blot. These parameters then were 
correlated with the severity of chorioamnionitis and gestation. Results: 
Ureaplasmas were detected in 7.9% (39/535) of placentae (82% preterm, 
18% term) and other bacteria in 8% (43/535) of placentae (77% preterm, 
23% term). U. parvum was the most frequently identified genus and species 
(>80% isolates) and serovar 6 the most prevalent of the 14 serovars (37%). 
Chorioamnionitis was associated with the presence of ureaplasmas (67%; 
p<0.001) but not other bacteria (O-19%) or the absence of bacteria (22%). 
Ureaplasmas associated with severe chorioamnionitis demonstrated only 
a single MBA variant upon western blot. By contrast, ureaplasmas isolated 
from placentas with little/no inflammation contained >1 MBA variant. 
Conclusion: Ureaplasma spp. are the most prevalent bacteria detected in 
placentae delivered late preterm and the presence is significantly associated 
with chorioamnionitis. In vivo in human chorioamnion, the ureaplasma MBA 
also undergoes variation and just as we previously reported in the sheep 
model, the severity of chorioamnionitis was most severe when only a single 
MBA variant was detected. This is the first study to describe ureaplasma MBA 
variation in human placental tissue and further supports the proposal that 
MBA variation may facilitate evasion of the host immune system and chronic 
infections in vivo.
                                                                                                                                                                                                    
4
Detection of Mycoplasma pneumoniae using 
isothermal amplification: towards a point-of-care 
device for clinicians

Jonas M. Winchell, Brianna L. Petrone, Alexandra A. Delaney, Bernard J. 
Wolff, Maureen H. Diaz

Centers for Disease Control and Prevention 
Phone: (404) 639-4921, Fax: (404) 718-1855, Email: zdx2@cdc.gov

Rapid diagnosis of Mycoplasma pneumoniae remains a challenge, forcing 
primary care physicians to treat suspected infections empirically. Although 
molecular techniques, such as real-time PCR, allow for rapid detection of this 
agent, they require sophisticated and expensive equipment and technical 
expertise.  The Pneumonia Response and Surveillance Laboratory (PRSL) 
at the Centers for Disease Control and Prevention (CDC) has developed a 
loop-mediated isothermal amplification (LAMP) procedure for detection 
of this agent with an easy-to-interpret visual read-out based upon turbidity 
or fluorescence that can be performed with minimal equipment and 
expertise.  This procedure was evaluated using M. pneumoniae spiked into 
mock specimens in various concentrations and matrices.  The analytical 
sensitivity of this LAMP assay is 10 fg of target DNA per reaction, with 
no cross-reactivity being observed against seven Mycoplasma spp. and 
no false-positive amplification detected in a 60 minute assay, contrary to 
previously reported LAMP assays for this agent.  We have also used this 
procedure prospectively to detect outbreaks and clusters of M. pneumoniae 
illness in comparison with the CLIA-approved qPCR assay.  To date, we have 
evaluated this assay in two formats: (i) direct specimen testing without 
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extraction and (ii) incorporating standard nucleic acid extraction.  We tested 
> 80 specimens from recent outbreaks and clusters either directly and/or 
subsequent to extraction and noted an 83% detection rate in nucleic acid 
extracts and a variable detection rate up to 67% for specimens directly 
tested when compared with the qPCR assay. Further refinement of the 
procedure is ongoing, however these preliminary data show promise for 
an approach that may be implemented in a primary care facility and/
or in a resource-poor setting that may benefit from an uncomplicated, 
straightforward method.  The LAMP assay affords many advantages 
including the possibility of direct specimen testing, minimal equipment 
and expertise, and an extremely cost-efficient alternative to qPCR and 
other sophisticated approaches.  After sufficient optimization, LAMP may 
lead to an efficacious point-of-care diagnostic assay to provide more timely 
detection of M. pneumoniae infections, resulting in more appropriate use 
of antibiotics and improved outbreak control.
                                                                                                                                                                                                    
5
Development of a novel molecular typing technique 
for Mycoplasma synoviae

Remco Dijkman, Anneke Feberwee, Constance Reugebrink, Wil Landman
GD - Animal Health Service, Deventer, the Netherlands 

Phone: +31-570-660187, Fax: , Email: R.Dijkman@gddeventer.com

Mycoplasma synoviae is an important pathogen of both chickens and 
turkeys and may cause significant losses in commercial poultry production. 
This mycoplasma species may induce airsacculitis, infectious synovitis and 
eggshell apex abnormalities and is known to spread both vertically and 
horizontally. Routes for horizontal transmission are largely unknown. The 
national and international trade in poultry leads to the need to identify and 
track the global spread of M. synoviae. The latter has led to the increased 
need for additional molecular tools to investigate the genetic relationships 
between different M. synoviae isolates. For this purpose a new typing 
tool for molecular epidemiology was developed and evaluated for its use 
for both phylogenetic analysis as well as outbreak investigation. Fifteen 
M. synoviae isolates collected within a period of 10 years from different 
poultry categories, farms and lesions were subjected to whole genome 
sequencing. The genomes were assembled and compared to the genome 
of M. synoviae reference strain 53 available in Genbank (AE017245.1). 
Based on the comparison of the assembled M. synoviae genomes a novel 
extended Multi Locus Sequence Typing scheme (e-MLST) was developed. 
Its usability for phylogenetic analysis was evaluated by analyzing over 
150 M. synoviae isolates collected from different countries, categories 
of poultry, farms and lesions within a period of 10 years. Furthermore, 
the relatedness of different outbreaks was assessed by using the novel 
e-MLST on isolates (n = 50, from 10 different farms) collected from related 
outbreaks. The e-MLST proved to have a good discriminatory power and 
was able to detect 112 different sequence types. Furthermore, for both 
related outbreaks that were investigated in this study the e-MLST was able 
to demonstrate that M. synoviae isolates from most, but not all farms were 
genetically related indicating that horizontal transmission/spread of more 
than one clone was responsible for these outbreaks. The novel extended 
Multi Locus Sequence Typing tool proved to be useful in both phylogenetic 
analysis as well as outbreak investigation and holds promise for future 
molecular epidemiological studies.
                                                                                                                                                                                                    
6
Retrospective study of Mycoplasma iowae infection 
in meat turkey

S. Catania, M. L. Moronato, G. Boscaro, L. Gagliazzo,  
A. Matucci, C. Santone, F. Gobbo

Mycoplasma Unit, Istituto Zooprofilattico Sperimentale delle Venezie, PD 
Italy 

Phone: +39 049 8084469, Fax: +39 049 8830277,  
Email: scatania@izsvenezie.it

Mycoplasma iowae (MI) is one of the most important mycoplasma species 
involved in poultry industry. In the past the pathogenic activity of MI was 
mainly correlated to decreased hatchability due to late embryonic mortality 
in turkeys. Authors reported poor growing, abnormal feather and skeletal 
abnormalities in experimentally infected poults and chicks. Recently some 
Authors have reported field cases of skeletal abnormalities affecting legs’ 
bones or joints with a specific form of arthrosynovitis. The aim of this 
report is to share the results of a retrospective study of 94 cases occurring 
in the meat turkey sector, routinely submitted for necropsy examination 
during the period October 2011- September 2012. Several carcasses 
from different farms were submitted to necropsy examination and a 
standard gross-pathology protocol was applied, moreover Mycoplasma 

spp. detection was performed in each  turkey group. 51 out of 94 groups 
resulted positive  for Mycoplasma iowae isolation, mainly around the 3rd-
5th  weeks of age. Basing on the gross pathological evidences and the 
laboratory results, we decide to perform a statistical analysis in order 
to evidence any relationship between the positivity for MI and other 
laboratory results. In particular we demonstrated that the probability to 
find a MI-positive flock is 4 times higher in flocks where legs abnormalities 
were noticed (OR=4.5, IC 95%: 1.71 – 12.16). Moreover the incidence of 
Eimeria spp. in gut was statistically higher in the MI infected. MI infection 
could contribute to alteration of intestinal environment predisposing an 
increased of Coccidia load and legs abnormities, likely causing poor growth 
performances. In conclusion a specific clinical form was observed in the 
Italian turkey meat sector during the years 2011-2012 and Mycoplasma 
iowae could be correlated with thus. Therefore it is recommended to plan 
an experimental infection  with a recent isolate of Mycoplasma iowae  in   
new meat-turkey  genetic line. 

Symposium I: Epidemiology and  
control strategies
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Prevalence and risk factors associated with 
Mycoplasma genitalium infection in a south african 
women cohort
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Mycoplasma genitalium (MG) is a sexually transmitted organism 
associated with several inflammatory reproductive tract syndromes in 
women such as cervicitis, pelvic inflammatory disease, and infertility. 
Beside cohorts of Ugandan and Kenyan female sex workers, limited 
information is available about MG infections in women from sub-Saharan 
Africa. Several studies recently showed a strong association between MG 
and HIV acquisition and transmission, especially in African populations. 
The aim of the study was to determine prevalence and identify risk 
factors of MG infection in a cohort of women in rural South Africa. 
Vaginal, anorectal and oropharyngeal samples were available for 601 
women aged 18-49 years recruited regardless of symptoms at primary 
healthcare facilities from Mopani district between November 2011 and 
February 2012. Eligibility criteria were sexual activity (at least one sex 
act in previous 6 months) and consent to have three anatomic sites 
tested. Demographic, clinical, and sexual behavioural data were collected 
by nurse-administered questionnaire. HIV-status was self-reported and 
classified as positive, negative (tested <6 months ago) or unknown. Real-
time PCRs were performed on vaginal, rectal and pharyngeal samples 
using the open channel on the cobas®  4800 system (Roche Molecular 
Systems) with the Mycoplasma genitalium LightMix® kit (TIB MOLBIOL) 
according to the manufacturer’s instructions. For macrolide resistance, 
detection of mutations in the 23S rRNA gene was performed on MG-
positive samples. Statistical analysis was performed using chi-square and 
Mann-Whitney tests to compare dichotomous and continuous variables 
between groups. Six hundred and one vaginal and 98 randomly selected 
pharyngeal samples were tested. Prevalence of vaginal MG infection was 
8.7% (95% confidence interval [CI] 6.4-10.9%). No oral infection was 
detected. Women with vaginal MG infections were younger than those 
without infection (27 vs. 31 years; p=0.008). Reliable HIV status was 
available for 459 women (76%); MG infection was more prevalent among 
HIV-infected women than those without HIV infection (12% vs. 6.3%; OR, 
2.0; 95% CI, 1.03-3.9; p=0.04). There was no association of MG infection 
with use of male or female condoms during the last sex act (OR, 0.7; 95% 
CI, 0.4-1.3; p=0.26), history of vaginal discharge syndrome (OR, 0.8; 95% 
CI, 0.4-1.7; p=0.5) or presentation with vaginal symptoms (OR, 1.1; 95% 
CI, 0.6-2.0; p=0.8). The mean Ct values of 38.79 and 37.85, respectively 
obtained from women with and without HIV-infection infected by MG were 
not significantly different (p=0.26). MG rectal infection and macrolide 
resistance are under investigation. In conclusion, MG vaginal infection was 
highly prevalent in this South-African population, as already described in 
other African resource-limited settings. We also observed an association 
between HIV status and MG infection in this study.
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Outbreak investigations of enzootic pneumonia 
in domestic pig: molecular epidemiology of 
Mycoplasma hyopneumoniae and the role of  
wild boar

Peter Kuhnert, Gudrun Overesch
Institute of Veterinary Bacteriology, University of Bern, Switzerland 

Phone: +41 316312485, Fax: +41 316312634,  
Email: peter.kuhnert@vetsuisse.unibe.ch

Mycoplasma hyopneumoniae is the major cause of enzootic pneumonia 
(EP) in domestic pigs, a disease with low mortality but high morbidity 
having a high economic impact for producers. In Switzerland EP has been 
successfully eradicated, however, sporadic outbreaks are observed with 
no obvious source. Besides the possibility of recurrent outbreaks due to 
persisting M. hyopneumoniae strains within the pig population there is 
suspicion that wild boars might introduce M. hyopneumoniae into the 
swine population. A rather high prevalence of M. hyopneumoniae in the 
Swiss wild boar population of >40% and the fact that free ranging pig 
production has become more popular, allowing contacts to wild animals 
further contribute to the hypothesis of wild boar being a reservoir. To 
elucidate possible links between EP in domestic pig and wild boar 
epidemiological outbreak investigations were initiated and lung samples 
of pig and wild boar tested for the presence of specific genotypes by the 
p146 and multilocus sequence typing (MLST). Comparison of wild boar 
strains with genotypes from EP outbreaks revealed three scenario: i) 
recurrent outbreaks in a farm were due to the same strain, indicating 
unsuccessful sanitation, ii) outbreaks in different farms were due to the 
same strain, confirming transmission between farms due to hypothesized 
illegal animal transport, iii) despite generally different genotypes in 
wild boar, outbreak strains could be found in geographically linked wild 
boar lungs after but so far not before the outbreak. Results indicate no 
different lineages of wild boar and domestic pig strains. Transmission of 
M. hyopneumoniae between wild boar and pig is possible. However, the 
role of wild boar is rather one as a recipient than a transmitter. More 
important than wild boar for recurrent outbreaks in Switzerland seems to 
be persistence of M. hyopneumoniae within a farm as well as transmission 
between farms.

Seminar 2: Control of mollicute diseases
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Inactivation of the oppD gene generates a safe and 
effective M. gallisepticum vaccine

Chi-Wen Tseng, Anna Kanci, Glenn F. Browning, Philip F. Markham
Asia-Pacific Centre for Animal Health,  
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Mycoplasma gallisepticum continues to be a major bacterial pathogen of 
poultry throughout the world. Current attenuated vaccines are effective 
in preventing disease, but have some limitations affecting their use, 
suggesting that an improved vaccine may enhance control of disease 
caused by this organism. We screened a library of signature tagged 
transposon mutants of the virulent Ap3AS strain of M. gallisepticum by 
infection of groups of chickens and identified mutants with a reduced 
capacity to colonise and persist, and then assessed the capacity of 
individual mutants to infect, persist, induce seroconversion and cause 
disease. A mutant with an insertion in the oppD gene, which encodes a 
member of an ABC oligopeptide transport system, was found to persist 
in the respiratory tract, induced seroconversion against M. gallisepticum 
by 4 weeks after inoculation, and only induced very mild lesions in the 
respiratory tract of infected birds at 2 weeks, but not at 4 weeks, after 
inoculation. This mutant was then assessed for its capacity to induce 
protective immunity. Vaccination of chickens by eyedrop induced complete 
protection from air sac lesions and from persistence of M. gallisepticum 
in the air sacs after challenge with the Ap3AS strain by aerosol exposure. 
Vaccination also induced significant protection against development 
of lesions in the trachea after challenge and protected birds from the 
reduced weight gain seen in unvaccinated challenged birds. These 
studies have indicated that a mutant strain based on deletion of the oppD 
gene in M. gallisepticum would be a safe and effective vaccine against 
mycoplasmosis in chickens. 

10
Development and validation of an attenuated 
Mycoplasma hyopneumoniae aerosol vaccine

Zhi-Xin Feng, Yan-Na Wei, Gui-Lan Li, Xiao-Ming Lu, Meng Kong,  
Yuan Gan, Mao-Jun Liu, Qi-Yan Xiong, Fang-Fang Bai,  

Zhan-Wei Wang, Xu-Su Wu, Guo-Qing Shao
Institute of Veterinary Medicine, Jiangsu Academy of  

Agricultural Sciences,China 
Phone: 86-25-84391973, Fax: 86-25-84391973,  

Email: gqshaonj@163.com

Abstract: Mycoplasma hyopneumoniae (M. hyopneumoniae) causes a 
chronic respiratory disease with high morbidity and low mortality in swine, 
and has been presented as a major cause of growth retardation in the swine 
industry. Aerosol vaccination presents a needle free, high throughput, and 
efficient platform for vaccine delivery, and has been widely applied in poultry 
vaccination. However, aerosol vaccines have rarely been used in swine 
vaccination primarily because the long and curving respiratory track of swine 
presents a barrier for vaccine particle delivery. To develop an effective M. 
hyopneumoniae aerosol vaccine, three major barriers need to be overcome: 
to optimize particle size for aerosol delivery, to maintain the viability 
of mycoplasma cells in the vaccine, and to optimize the environmental 
conditions for vaccine delivery. In this study, an aerosol mycoplasma 
vaccine was successfully developed based on a conventional live attenuated 
M. hyopneumoniae vaccine. Specifically, the Pari LCD nebulizer was used 
to produce an aerosol vaccine particle size less than 5 µm; and a buffer 
with 5% glycerol was developed and optimized to prevent inactivation 
of M. hyopneumoniae caused by aerosolization and evaporation. Before 
nebulization, the room temperature and relative humidity were control to 
20-25°C and 70-75%, respectively, which helped maintain the viability 
of aerosol vaccine. Animal experiments demonstrated that this newly 
developed aerosol vaccine was effectively delivered to swine low respiratory 
track, being confirmed by nested-PCR, in-situ hybridization and scanning 
electron microscope. Moreover, M. hyopneumoniae specific sIgA secretion 
was detected in the nasal swab samples at 14 days post-immunization. To 
our knowledge, this is the first report on a live M. hyopneumoniae aerosol 
vaccine. 
Keywords: Mycoplasma hyopneumoniae, aerosol vaccine, attenuated 
aerosol vaccine, nebulization
Corresponding author: Guo-Qing Shao, Email: gqshaonj@163.com
Supported by: Jiangsu Agriculture Science and Technology Innovation Fund 
(CX274 (11) 4042).
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Antimicrobial activity of Brazilian propolis against 
human mollicutes strains

Larissa dos Santos, Ariela Boedert,  
Alessandro Guedes, Caio M. M. de Cordova

FURB 
Phone: +55 47 3321-7318 , Fax: ,  
Email: farm.ldsantos@gmail.com

Background: Natural products are promising sources of new drugs. In 
the recent years, a number of studies have addressed the composition of 
propolis as well as its biological properties driving the interest to its potential 
for drug development. The amplitude of the biological activities of propolis 
is larger in tropical areas of the world, reflecting plant diversity of these 
regions. The biological activity of propolis may be related to its antimicrobial, 
anti-inflammatory and immunomodulatory properties. The aim of this study 
was to evaluate the antimollicute activity of two Brazilian propolis extracts 
and isolated compound. Methods: The Brazilian propolis were collected in 
Blumenau (SC, Brazil) from two bee species colonies, Tetragonisca angustula 
commonly known as “Jataí”, and Melipona quadrifasciata commonly known 
as “Mandaçaia”. The material was extracted by two methods, with 70% 
ethanol by maceration yielding the crude ethanol extract, and ultrapure 
water by heating for 2 hs yielding the crude aqueous extract. Extracts were 
fractionated by silica-gel (60° Mash) column chromatography with solvents 
of decreasing polarity. The isolated compound was obtained from the 
dichloromethane fraction, a yellowish substance with a yield of 27%. Extract, 
fractions and isolated compound were used in antimicrobial assays against 
Ureaplasma urealyticum, Mycoplasma mycoides subsp. capri (MLC), M. 
pneumoniae strains FH and M129, and M. hominis. The antimicrobial activity 
was determined by the microbroth dilution assay in 96-well microplates. 
Extracts (100 µL) were tested in several concentrations by serial dilutions of 
a 10% DMSO solution in medium. Log phase growth mollicute inocula (100 
µL) in extracts dilutions were incubated at 37°C for 72 hs. All tests were 
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performed in triplicates. Controls included inoculums (mollicute in medium 
only), positive control (levofloxacin), and sterility (medium only). The MIC 
was taken as the highest dilution where no change of medium color was 
observed. Extracts with MIC values below 1,000 µg/mL were considered 
active, and below 100 µg/mL for extracts as very potent. Results: Among 
all the samples tested, the M. quadrifasciata crude ethanol extract was 
the most active, with a MIC of 25 µg/mL against U. urealyticum and M. 
pneumoniae strain M129. T. angustula crude ethanol extract with MIC of 
125 µg/mL and T. angustula crude aqueous extract with MIC of 25 µg/mL 
against U. urealyticum. M. quadrifasciata crude aqueous extract with MIC 
of 25 µg/mL against M. hominis. The isolated compound had a MIC of 125 
µg/mL against U. urealyticum and 25 µg/mL against M. pneumoniae strain 
FH. Conclusions: The results of these screening investigations confirm the 
antimicrobial potential of Brazilian propolis. The chemical characterization 
of the extracts are under way.
Key words: Propolis, Antimicrobial activity, mollicutes.

Seminar 3: Host pathogen interaction
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Analysis of Transcriptome and Proteome of ’Ca. 
Phytoplasma mali’ highlights expression of 
genes involved in Pathogen-Host-Interaction and 
Metabolism

C. Siewert1, T. Luge2, B. Duduk3, E. Seemüller4,  
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‘Candidatus Phytoplasma mali‘ is the causative agent of the apple 
proliferation responsible for high economical losses in Europe. Colonization 
of the phloem sap leads to symptoms such as witches’ broom formation 
and reduced and distasteful apple fruits. Only limited information on 
gene expression of this pathogen is available so far. RNA-Seq and mass 
spectrometry shotgun techniques were applied on ‘Ca. P. mali’ strain AT 
infected Nicotiana occidentalis plant material. Transcriptome and proteome 
data of the pathogen were analyzed and selected genes were experimentally 
validated by reverse transcription PCR on templates obtained from infected 
plant material of Nicotiana occidentalis, Malus domestica and Catharanthus 
roseus. Both approaches provide about 200 expressed genes for ‘Ca. P. 
mali‘. Most genes belong to the category of house-keepers but expression 
was also confirmed for proteins supposed to be involved in pathogen-host-
interaction. They include for instance an IcmE-like protein, probably involved 
in the formation of a type IVB secretion system, and a SAP11-like protein, 
which is described as an effector protein in ‘Ca. P. asteris’ strain AY-WB. 
Bioinformatical analysis highlights that the encoding of the phytoplasma-
specific sequence-variable mosaic signal sequence is limited to this highly 
expressed protein in the genome. It remains remarkable for the metabolism 
of ‘Ca. P. mali’, that genes of the upper part of the incompletely encoded 
glycolysis were confirmed to be expressed. Furthermore, data indicate an 
expression of the suggested alternative energy-yielding pathway comprising 
the uptake of malate and releasing acetate. A whole transcriptomic and 
proteomic approach was applied for ‘Ca. P. mali’ for the first time. Even if the 
number of expressed phytoplasma genes is limited due the usage of plant 
derived-templates, this study highlights the impact and potential for follow 
up studies on phytoplasmas and other bacterial parasites. 
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Identification of cytoskeletal proteins of  
Mycoplasma penetrans

Steven L. Distelhorst, Dominika A. Jurkovic , Mitchell F. Balish 
Miami University 
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Several species of mycoplasmas exhibit a differentiated polar attachment 
organelle (AO) that facilitates host cell adherence and provides cellular 
polarity as the leading end during gliding motility. The cytoplasmic core of 
the AO is composed of detergent-insoluble, cytoskeletal elements with major 
but poorly understood roles in AO structure. However, the appearance and 
protein composition of the AO and its core differ greatly across mycoplasma 

phylogenetic clusters, suggesting either rapid evolutionary divergence or, 
intriguingly, convergent evolution resulting in cellular features with similar 
properties. Microscopic examination of the detergent-insoluble fraction of 
Mycoplasma penetrans strain HP88 reveals a novel structure that is likely 
associated with AOs, although the genome lacks homologs of AO proteins 
from other species. We used MALDI-TOF/TOF to identify proteins enriched 
and/or abundant in Triton X-100 (TX)- and Tween-20 (TW)-insoluble fractions 
of cells of the high-passage, hyperadherent M. penetrans strain HP88. 
Several of the identified proteins were verified by RT-PCR to be encoded in 
a six-gene transcriptional unit spanning mype1520-1570. These proteins all 
are predicted to have extensive coiled coil structure and pIs of 4.5-5. We 
also identified another highly acidic protein, MYPE4000. In addition, we 
identified several lipoproteins, two of which, P38 and P42, are members 
of the phase-variable P35 lipoprotein family. Interestingly, P42 was present 
only in the TW-insoluble fraction, not in the TX-insoluble fraction. The 
presence of lipoproteins within the detergent-insoluble fractions leads us 
to speculate that they interact with the AO core through other molecules. 
All of these proteins have known homologs only in one other species, the 
closely related Mycoplasma iowae, which has a similar polar structure to that 
of M. penetrans. These findings demonstrate the diversity of mycoplasmal 
cytoskeletal structural elements, supporting the hypothesis that AOs in 
different groups of mycoplasmas are analogous, rather than divergent. 
Further characterization of the novel components of the M. penetrans AO 
cytoskeleton and associated lipoproteins will reveal the mechanism by which 
M. penetrans and M. iowae, both of which are associated with disease, 
adhere to host cells.
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Investigation of the proteins of the pyruvate 
dehydrogenase complex in Mycoplasma pneumonia

Anne Gruendel, Roger Dumke, Kathleen Friedrich, Enno Jacobs
TU Dresden, Institute of Medical Microbiology and Hygiene,  

Dresden, Germany 
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The wall-less bacterium Mycoplasma pneumoniae (M.p.) is an agent of 
atypical pneumonia in humans. A known step in host colonization is the 
binding of M.p. to the cells of the respiratory epithelium via a specialized 
complex of adhesins. Recently, it was demonstrated that metabolic enzymes 
could be additional virulence factors. Some of these enzymes are binding 
partners for human extracellular matrix proteins (ECM) and support the 
colonization process. The precondition for this function is the surface-
location of the proteins. Previously, the pyruvate dehydrogenase (PDH) 
subunit B was characterized as example for moonlighting proteins in M.p.. 
PdhB is part of a complex of four genes (pdhA to pdhD) which can be found 
in close arrangement in the M.p. genome. In the present study, we produced 
the complete PDH subunits A, B, C and D as recombinant proteins and used 
them to obtain polyclonal antisera. The localization of the proteins in M.p. 
cells was investigated by separating the membrane and cytosolic fraction of 
total proteins and by using different immunological approaches. All subunits 
of the PDH complex could be detected in the membrane of M.p., but the 
subunit D seems not surface-located. Interaction studies with different 
ECM proteins demonstrated a binding between human plasminogen and 
the PDH subunits A, B and C. Preincubation of recombinant proteins with 
the corresponding antisera results in a strong inhibition of the binding to 
plasminogen. In contrast, sera against PDH subunits A to C had no influence 
on the adherence of M.p. to HeLa cells. In conclusion, the results of the 
study confirmed that the four subunits of the PDH complex are located 
in the membrane of M.p.. Furthermore, the demonstration of different 
mycoplasmal proteins as binding partners of human plasminogen indicate a 
prominent role of this ECM protein in the host-pathogen interaction.
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Characterization of surface lipoproteins of 
Mycoplasma hominis PG21 and differential 
expression after contact with human dendritic cells
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Mycoplasma hominis is a human pathogen involved in urogenital and 
extragenital infections. Lipoproteins located on the bacterial surface 
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are involved in the human immune response. Extraction of M. hominis 
membranes with Triton X-114 demonstrated that the detergent-enriched 
lipoprotein phase can stimulate the pro-inflammatory cytokine production 
by human dendritic cells. The aim of this study was to characterize the in 
vitro surface lipoproteome of M. hominis. In addition, we aimed to determine 
whether M. hominis lipoprotein genes are differentially expressed upon 
contact with human dendritic cells. Polyacrylamide gel electrophoresis and 
liquid chromatography tandem mass spectrometry (LC-MS/MS) were used 
to identify lipoproteins of the Triton X-114 extract from M. hominis PG21. 
The expression of lipoproteins not detected by this method was assessed 
by reverse transcription (RT) PCR. Differential expression of M. hominis 
lipoproteins was determined after contact with human dendritic cells 
using quantitative RT-PCR assays. A set of stable reference genes was 
previously defined for the normalization of the lipoprotein gene expression. 
Of a total of 155 proteins detected in the Triton X-114-enriched fraction, 
34 were detected and predicted as lipoproteins. Twenty-one of them were 
of unknown function. Three Lmp related-proteins MHO_1640, MHO_3730 
and MHO_4280 firstly not reported as lipoproteins were predicted as 
lipoproteins upon their signal peptide sequence. Finally, 37 lipoproteins 
were detected in the Triton X-114 fraction out of 48 predicted lipoproteins 
(77%). Using RT-PCR, we showed that 8 of the 11 genes encoding predicted 
lipoproteins, which were not detected by mass spectrometry, were 
expressed in vitro. Quantitative RT-PCR assays are under investigation to 
assess the differential expression of lipoproteins genes upon exposure to 
human dendritic cells. These data will be useful to identify the lipoproteins 
potentially involved in the interaction of M. hominis with its host.

Symposium II: Dealing with the host
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Mycoplasma hyopneumoniae is an invasive 
pathogen that invades epithelial cells and  
forms biofilms

B. Bernard Armando Raymond1, M. Rohde 2, S. Djordjevic 1
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Antibiotic misuse is a leading cause for concern in not only the microbial 
community but the economic, social and clinical sectors. The grounds 
for this have long been thought to be restricted to the over-prescription 
of antibiotics by hospitals. However, it is in fact factory farms that are 
the main culprits, who contribute up to 80% of total antibiotic use. A 
significant proportion of these factory farm diseases that are targets of 
preventative antibiotic strategies are of Mycoplasma origin. A number 
of Mycoplasma species have been shown to cause chronic infections 
of their animal hosts which place a significant economic burden on 
factory farms. The way in which these mycoplasmas persist within 
their host has been shown in some instances to be due to biofilm 
formation, and invasion. M. hyopneumoniae has been shown to form 
quite large microcolonies within the respiratory tract, akin to a biofilm. 
Interestingly, M. hyopneumoniae has also been recovered from the liver, 
spleen, lymph nodes and kidneys of infected swine suggesting that this 
pathogen has the ability to disseminate to extrapulmonary sites. Here 
we have used time-lapse microscopy to monitor biofilm formation of M. 
hyopneumoniae on abiotic surfaces. M. hyopneumoniae formed prolific 
biofilms after prolonged incubation on a glass surface. This prolonged 
growth-time is suggestive of the importance of the incorporation of 
host molecules from the culture media into the growing biofilm. When 
incubated with a porcine epithelial-like monolayer (PK-15), biofilm 
formation was rapid and was reproducibly observed overnight. We also 
investigated the ability of M. hyopneumoniae to invade these epithelial 
monolayers by differential, triple immunofluorescence microscopy. 
M. hyopneumoniae cells were allowed to adhere to PK-15 monolayers 
overnight at which point non-adherent cells were removed by washing. 
Post-fixation, externally adherent M. hyopneumoniae cells were labelled 
with antisera raised against the R1 and R2 repeat regions of P97, 
which was then conjugated to a fluorescently conjugated secondary 
antibody. Cells were then permeabilised with Triton X-100 and stained 
with Phalloidin to visualise the PK-15 cytoskeleton. DAPI was then used 
to stain the PK-15 nucleus as well as both internalised and external 
M. hyopneumoniae cells. Confocal microscopy was used to image 
these samples and maximum intensity projections were analysed for 
those M. hyopneumoniae cells which stained with DAPI only, reflecting 
internalisation. A number of internalised M. hyopneumoniae cells were 
observed, reinforcing the observation of its dissemination to distal sites.    
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Phytoplasma Virulence Effector SAP54 Hijacks Plant 
Reproduction by Degrading MADS-box Proteins and 
Promotes Insect Colonization
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Pathogens that rely upon multiple hosts to complete their life cycles often 
modify behavior and development of these hosts to coerce them into 
improving pathogen fitness. However, few studies describe mechanisms 
underlying host coercion. In this study, we elucidate the mechanism by which 
an insect-transmitted pathogen of plants alters floral development to convert 
flowers into vegetative tissues. We find that phytoplasma produce a novel 
effector protein (SAP54) that interacts with members of the MADS-domain 
transcription factor (MTF) family, including key regulators SEPALLATA3 
and APETALA1, that occupy central positions in the regulation of floral 
development. SAP54 mediates degradation of MTFs by interacting with 
proteins of the RADIATION SENSITIVE23 (RAD23) family, eukaryotic proteins 
that shuttle substrates to the proteasome. Arabidopsis rad23 mutants do 
not show conversion of flowers into leafy tissues in the presence of SAP54 
and during phytoplasma infection, emphasizing the importance of RAD23 to 
the activity of SAP54. Remarkably, plants with SAP54-induced leafy flowers 
are more attractive for colonization by phytoplasma leafhopper vectors 
and this colonization preference is dependent on RAD23. An effector that 
targets and suppresses flowering whilst simultaneously promoting insect 
herbivore colonization is unprecedented. Moreover, RAD23 proteins have, to 
our knowledge, no known roles in flower development, nor plant defense 
mechanisms against insects. Thus SAP54 generates a short circuit between 
two key pathways of the host to alter development, resulting in sterile plants, 
and promotes attractiveness of these plants to leafhopper vectors helping 
the obligate phytoplasmas reproduce and propagate (zombie plants).

Peter Hannan Award Lecture
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Mycoplasma hominis, an opportunistic human 
mycoplasma: now what?

Cécile Bébéar
Univ. Bordeaux - INRA, USC EA 3671, Bordeaux, France 
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Mycoplasma hominis is an opportunistic human mycoplasma species that 
resides, as a commensal, in the lower urogenital tract. It can be a causal 
agent in pelvic inflammatory disease and infections during pregnancy, 
and it has been associated with bacterial vaginosis. It has also been 
involved in neonatal infections and in extragenital infections, especially 
in immunocompromised patients. During the last fifteen years, we have 
realized standardization of in vitro antimicrobial susceptibility testing and 
studied prevalence and molecular mechanisms of intrinsic and/or acquired 
resistance of M. hominis to macrolides, tetracyclines and fluoroquinolones. 
In the mid-2000’s, of all the mycoplasma species with a known pathogenic 
role in humans, M. hominis was the only one that had not been sequenced. 
We therefore sequenced the whole genome of M. hominis PG21 and 
compared it with those of Ureaplasma parvum and Mycoplasma genitalium, 
two other pathogenic species residing in the urogenital tract, providing 
further insight into the composition of hypothetical minimal gene sets 
needed for life. With the knowledge of the M. hominis genome sequence, 
we have developed a specific quantitative real-time PCR assay targeting 
the yidC gene and compared it to the quantitative culture, and a molecular 
typing method based on multiple-locus variable-number tandem repeat 
(VNTR) analysis (MLVA) to examine how invasive and commensal strains 
were related to one another. To date M. hominis is genetically intractable. 
The cloning of other mycoplasma genomes in yeast suggests that whole 
genome cloning could be valuable for engineering genetically intractable 
organisms, using standard yeast genetic tools. To this end, we have cloned 
the natural genome of M. hominis PG21 as a yeast circular centromeric 
plasmid in Saccharomyces cerevisiae. Interestingly, M. hominis has also 
been found in the synovial fluids or sera of individuals with inflammatory 



20th Congress of the International Organization for Mycoplasmology - IOM34

ORAL PRESENTATION

disorders including rheumatoid arthritis, raising the possibility of their direct 
implication in the pathogenesis of autoimmune disorders. Thus, we have 
studied the effects of M. hominis on the maturation and activation of human 
monocyte-derived dendritic cells (DCs) and the CD4+ T cell differentiation in 
response to M. hominis-infected DCs. An ongoing project is to identify the 
lipoproteins potentially involved in the interaction of M. hominis with DCs.

Short talks 1: Mollicute diseases worldwide
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Mycoplasma pneumoniae infection in Slovenia 
between 2006 and 2013

Rok Kogoj1, Tatjana Mrvič2, Marina Praprotnik3, Darja Keše1
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Mycoplasma pneumoniae is one of the main etiological agents of upper 
and lower respiratory tract infections in children and adults and may be 
associated from less than 1% to more than 30% of community acquired 
pneumonia cases depending on the study population and diagnostic method 
used. It is known that infections tend to be endemic, punctuated by epidemic 
outbreaks at 3 to 7 year intervals.
The objective of this retrospective study was to analyse the occurrence of 
confirmed M. pneumoniae respiratory infections in Slovenian patients from 
the year 2006 to 2013. During this period 6996 respiratory samples from 
adult and paediatric patients suffering from pneumonia or upper respiratory 
tract infection were analysed by real time PCR. Among them M. pneumoniae 
DNA was detected in 540 (7.72%) samples. A more detailed investigation 
showed that 338 (62.6%) of all positive samples were detected in the 
years 2010 and 2011. The number of positive cases started to rise near the 
end of the year 2009 (6.12% in October to 21.13% in December), remained 
high during all of 2010 reaching a peak in December 2010 (25.71%) and 
then started to gradually decline during the whole 2011 until falling back to 
3.13% in February 2012. During this time the ratio of positive samples was 
17.3% and 9.4% for the years 2010 and 2011 respectively. On the contrary 
in all other years included in this survey the rate of positive samples was 
not higher than 4%. Not surprisingly the great majority of positive samples 
during non-epidemic years derived from children of less than 15 years of 
age. During the epidemic, on the other hand, positive samples were also 
found in adults and elderly patients with no significant clustering in young 
children. This data demonstrates that Slovenia has also experienced a 
similar M. pneumoniae epidemic as several European countries (Denmark, 
England, Finland, the Netherlands, Norway, Sweden and Wales) that also 
reported elevated numbers of M. pneumoniae cases during 2010 and 2011.
In conclusion our data shows that Slovenia was no exception to the pan 
European M. pneumoniae outbreak. Future work will be focused on analysing 
the genetic properties and macrolide resistance of M. pneumoniae strains 
before, during and after the 2010/2011 epidemic to explore if the genetic 
diversity and antibiotic resistance of our strains is also similar to the rest of 
Europe.
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Species diversity and infection patterns of 
hemotropic mycoplasmas in raccoons (Procyon lotor) 
in response to residential development
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Raccoons are successful urban adapters that can actively interact with 
domestic and wild animals, potentially leading to cross-species pathogen 
transmission. This study identifies novel hemotropic Mycoplasma spp. 
infection in raccoons and its association with habitat types, and compares 
hemotropic mycoplasmas identified in urban raccoons to those of sympatric 
cats. Blood samples from free-ranging raccoons (N=37, urban, N=58, natural) 
and feral cats (N=37, urban) were collected in two Georgia coastal islands 

with different habitat types, St. Simons Island (urbanized) and St. Catherines 
Island (protected native habitat). The total DNA was extracted from blood 
samples and the 16S and the RNA polymerase beta subunit (rpoB) genes 
of hemotropic mycoplasmas were directly amplified using different 
combinations of the universal and species-specific primers. Hemoplasma 
infection rates were 35.1% and 23% in raccoons and feral cats from developed 
habitat, respectively, whereas 67.2% of raccoons from relatively undisturbed 
natural habitat were hemoplasma-positive. All mycoplasmal amplicons from 
blood samples were sequenced for species identification. Three species, M. 
haemofelis, Candidatus M. haemominutum and Candidatus M. turicensis, 
were detected in blood samples of the feral cats. In raccoons, six novel 
hemotropic Mycoplasma species were identified in populations from both 
habitat types, although there were habitat-related differences in infection 
patterns of hemotropic mycoplasmas in raccoons. Based on the analysis 
of the 16S gene, the novel species were phylogenetically closely related to 
several published hemotropic mycoplasmas: M. haemocanis, Candidatus M. 
haemobos, Candidatus M. wenyonii, Candidatus M. erythrodidelphis, and 
Candidatus M. haemolamae. However, due to low levels of genetic similarity 
of these hemoplasmas to the described hemoplasmas and the mammalian 
host in which these novel hemoplasmas were detected, we propose that 
these six hemoplasmas represent novel hemotropic Mycoplasma spp. The 
result from this study suggests that raccoons may be a reservoir host of 
several novel hemotropic Mycoplasma species. Regardless, further study 
is required to confirm the existence of possible cross-species transmission 
of hemotropic mycoplasmas between raccoons and other domestic or wild 
carnivores.
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Differences in virulence traits between  
Mycoplasma bovis isolates obtained from  
cattle and bison species
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In the last few years several outbreaks of pneumonia, systemically 
disseminated infection, and high mortality associated with Mycoplasma 
bovis (M. bovis) in North American bison (Bison bison) have been reported in 
Alberta, Saskatchewan, Nebraska, New Mexico, Montana, North Dakota, and 
Kansas. These outbreaks have resulted in an average mortality risk of 20% 
of mature bison in affected herds on pasture, without any easily discernible 
risk factors. A recent study of farmed bison in Alberta has identified M. bovis 
as the primary cause of death of both mature and feedlot bison. Mycoplasma 
bovis is also an important pathogen of feedlot cattle and is responsible for 
the development of Chronic Pneumonia and Poly-arthritis (CPPS) syndrome. 
Typically, CPPS affects young, stressed calves in the intensive environment 
of a feedlot. Since M. bovis is involved in cattle and bison respiratory 
disease, we decided in this study to compare cattle and bison isolates for 
virulence traits such as adherence to lung epithelial cells and modulation of 
bovine peripheral-blood mononuclear cells (PBMC) proliferative responses. 
Several M. bovis isolates were recovered from bison lung tissue obtained 
from clinical cases in the Canadian provinces of Alberta and Saskatchewan. 
These isolates were tested for attachment and invasion to CCL-44, a bovine 
embryonic tracheal cell line, by the gentamycin-resistance assay together 
with the cattle isolate M. bovis Mb1 as a control. Based on the results, the 
bison isolates were classified into three groups. After 3hr of incubation, 
the percentages of CCL-44 cells infected with isolates of Groups A and B 
were not different than the percentage of CCL-44 cells infected with Mb1; 
whereas the percentage of CCL-44 cells infected with isolates of Group C 
was higher. After 18 hr of incubation, the percentages of infected CCL-44 
cells was higher in all groups, however these values were lower than the 
percentage of CCL-44 cells infected with Mb1. The same isolates were tested 
for their effect on PBMC proliferative responses. The results indicated that 
the bison isolates could be divided into two major groups; those that showed 
more inhibition or less inhibition of PBMC proliferation than the Mb1 strain. 
Representative isolates of each group were used to test their effect on 
bovine alveolar macrophage (BAM) migration. The isolates were incubated 
with purified BAM for different time points and their migration towards 
different attractants was determined. Preliminary results indicate that these 
M. bovis isolates do not impair the macrophage ability to migrate. These 
results indicate that some bison isolates have different virulence properties 
than our cattle isolate. Sequencing the genome of some of these isolates 
could provide some clues on the factors that are needed for M. bovis to 
cause disease in bison species and could pave the way for the development 
of disease control measures. 
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Construction of a disease triangle for the  
grapevine disease Bois noir caused by 
‘Candidatus Phytoplasma solani’ 

Ana Rotter, Petra Nikolic, Neza Turnsek, Polona Kogovsek,  
Andrej Blejec, Kristina Gruden, Marina Dermastia
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The disease triangle, a statistical model in which the amount of disease is 
a result of interactions among pathogen, host and environment, has been a 
basic concept for describing tritrophic relationships in plant pathology since 
the 1960s. However, this model has never been constructed in practice for 
describing or predicting the outcome of plant disease. Here we exploited the 
transcriptomic results on grapevine cv. ‘Chardonnay’ responses to the infection 
with plant pathogenic bacterium ‘Candidatus Phytoplasma solani’ from the 
class Mollicutes, which causes the most common European grapevine disease 
Bois noir (BN). The results were scrutinized with bioinformatics and statistical 
tools to identify a proper measure of disease, which would be valid in biological 
and statistical sense. They were combined with the environmental data for 
the first attempt of interpreting the disease using a disease triangle concept. 
For the BN disease triangle construction, a disease severity was expressed 
as a function of triangle elements, i.e. the host (as expression of statistically 
determined the most influential gene), the pathogen (as confirmed ‘Ca. 
P. solani’ presence) and an environmental factor. The applied solution also 
shows the seasonal disease dynamics and may be used for construction and 
visualization of any disease triangle and for testing its efficiency.
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While Candidatus Liberibacter africanus, Ca. L. 
asiaticus and Ca. L. americanus are the three 
alfa-proteobacteria species associated with HLB 
(huanglongbing) of citrus, several phytoplasmas also 
are individually associated with HLB symptoms
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HLB is present in Asia, Africa and Americas and is the most devastating 
disease of citrus. In Brazil, besides Ca. L. asiaticus (Las), Ca. L. americanus 
(Lam) was found to be associated with HLB in 2004. A Gondwanan ancestry 
has been proposed for both Las and Ca. L. africanus. Lam, after its discovery 
in São Paulo State - SPS, has been detected in 2013 in southern Texas, USA, 
in agreement with its previously proposed Laurasian origin. Since 2006, the 
proportion of trees infected with Las has increased while the proportion of 
Lam-infected trees has sharply decreased, with Las achieving 99.1% of 
samples in 2013. In 2007 in SPS, sweet orange trees with characteristic 
symptoms of HLB were found to be infected with a phytoplasma of group 
16SrIX, highly related to the pigeon pea witches`-broom phytoplasma. The 
same phytoplasma was identified in sunn hemp (Crotalaria juncea) where it 
induces witches’ brooms and virescence. In SPS, sunn hemp is widely used 
in citrus and sugar cane crops. Similarly, citrus infected with the phytoplasma 
of group 16SrIX is also widely distributed in SPS and Minas Gerais states 
– MGS, although the percentage of infected trees is very low, in average in 
only 1.3% of the citrus leaf samples analyzed at the Diagnostic Facilities of 
Fundecitrus, Araraquara, SPS, over the last six years. In 2009, a group 16SrI 
phytoplasma (Ca. P. asteris) was reported to be associated with HLB in China. 
Both phytoplasmas (16SrIX from Brazil and 16SrI from China) were also 
reported from Mexico to be associated with HLB symptoms in citrus. Finally, 
in 2013, a phytoplasma of group 16SrIII (clover yellow edge phytoplasma) has 
been detected in citrus with HLB symptoms from MGS, Brazil. The molecular 
characterization of the group 16SrIX phytoplasma from sweet orange and 
sunn hemp in Brazil was performed with sequences from the 16SrDNA gene 
and the rpsC_rplV genes and both phytoplasmas were identical. qPCR of the 
phytoplasma titer was higher in sunn hemp than that in citrus. This result was 
in agreement with i) the higher number of phytoplasma cells in sunn hemp 
than in citrus, as seen by transmission electron microscopy, and with ii) the 
higher capacity of the leafhopper Scaphytopius marginelineatus to acquire 
the phytoplasma from sunn hemp rather than from citrus. S. marginelineatus 
is, most probably, vector of the group 16SrIX phytoplasma. Finally, one other 
mollicute induces HLB-like symptoms in citrus: Spiroplasma citri, the agent of 
citrus stubborn disease. Fruit symptoms of stubborn resemble those of HLB, 

but shoot internodes are short, leading to rosetting, and leaves on stubborn 
trees are more cupped and less mottled than those on HLB trees. Liberibacters 
and phytoplasmas associated with HLB, and S. citri induce HLB or HLB-like 
symptoms, are endogenous bacteria and might also have similar pathogenicity 
mechanisms, possibly based on deviations of sugar metabolism, rather than 
on specific pathogenicity genes.

Seminar 4: Virulence and host response
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What makes Mycoplasma agalactiae a pathogen?
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Despite their small genomes, mycoplasmas possess unique biological properties 
and complex pathogenicity determinants, and apart from rare exceptions, 
their virulence mechanisms at the molecular and cellular level are still largely 
unexplored. M. agalactiae (MA) is an important ruminant pathogen causing 
contagious agalactiae and associated diseases by as yet unknown mechanisms. 
The major objective is to identify and characterize infection-related genes of MA. 
To reach this goal, we have previously succeeded to develop tools to genetically 
manipulate MA to generate two sets of important mutants via targeted gene 
disruption and random transposon (Tn) mutagenesis, namely (i) a battery of 
Phase Locked Mutants (PLMs) that express a single stable Vpma product unlike 
the wt strain that exhibits high frequency Vpma phase variation, and (ii) a large 
pool of Tn mutants with insertions in a wide variety of genes. Earlier leadoff 
experiments with some of the PLMs and Tn mutants in the native intramammary 
sheep infection model have yielded important information. The current work 
further exploits these mutants and wt strain in secondary in vivo, as well as in 
vitro experiments that could have a direct bearing on MA’s pathogenicity potential 
and confirm the results obtained in earlier in vivo studies. Various in vitro assays, 
including co-cultivation, adherence and invasion were performed using non-
phagocytic HeLa and ruminant (BEND & BLF) cell lines and murine (J744A.1) 
and bovine (BoMAC) macrophages. MA was found to successfully invade host 
cells, and survive for a fairly long duration before exiting the cells in a viable state 
to reinfect new ones, correlating with its systemic spread to distant host niches 
during an experimental intramammary sheep infection. Most importantly, MA 
was capable of inducing cytopathic effects on host cells, and induced host cell 
lysis possibly by apoptosis-like phenomenon as evidenced by the presence of 
crescent-shaped pre-apoptotic nuclei at 30 h p.i. Studies using inhibitors and PLMs 
further pointed to the involvement of Vpmas and host microtubule condensation 
in the cytadherence and cell invasion processes. Furthermore, realizing that 
mycoplasma pathogenicity is a complex multifactorial phenomenon, and that in 
vivo testing of individual putative disease factors is impractical, secondary in vivo 
screening of pools of Tn mutants in the sheep intramammary infection model was 
carried out using genetic footprinting. Several attenuated mutants were identified 
in a variety of genes pointing to the diversity of molecular processes involved in 
MA infection. Apart from genes that are known to correlate with virulence in 
other pathogens, such as eutD, gtsB , uhpT and P80, many new hypothetical 
genes were also identified to play significant roles during MA infection. Overall, 
the results provide new insights into the infection biology of MA, which might 
be invaluable for the rational design of intervention strategies against it
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Mycoplasma gallisepticum Lipoproteins Up-regulate 
Genes Encoding Inflammatory Mediators in Chicken 
Tracheal Epithelial Cells ex vivo
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After attachment to chicken respiratory epithelium, Mycoplasma 
gallisepticum infection mediates a severe dysregulated immune response 
marked by lymphoplasmacytic and heterophilic infiltration. In a separate 
study we observed that M. gallisepticum lipoproteins up-regulated genes 
encoding inflammatory mediators in vitro in primary chicken tracheal 
epithelial cell cultures. We hypothesized that lipoproteins exposure would 
induce similar alterations in gene expression in tracheal tissues using an 
ex vivo system. Whole tracheae from adult specific pathogen free chickens 
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were exposed to 109 cfu live M.gallisepticum strains Rlow (virulent) or Rhigh 
(avirulent) or 10µg/mL lipoprotein from each strains for either 1.5 or 6 hours. 
Real time qPCR analysis identified up-regulation of six inflammatory genes 
in tracheal epithelial cells within 1.5 hours. IL-1β was up-regulated at similar 
levels upon exposure to either live strain and lipoproteins derived therefrom, 
however the response waned in the latter group by 6 hours. IL-8 expression 
was significantly higher in tracheae exposed to live mycoplasmas when 
compared to lipoproteins at both time points. Surprisingly IL-6 expression 
was significantly higher in lipoprotein exposed tracheae at 1.5 hours but 
lower than that observed in live mycoplasma exposed tracheae at 6 hours. 
Although significantly up-regulated, no differences in expression of NOS-
2 were observed in tracheal epithelial cells in any treatment group, at any 
time points. CCL-20 expression was significantly higher in the Rlow exposed 
tracheae at 1.5 hours as was IL-12p40 expression at both time points. This 
study provides additional evidence that mycoplasma lipoproteins may play 
a significant role in initiating an inflammatory response within 1.5 hours of 
exposure to chicken tracheal epithelial cells.  Exposure to the virulent Rlow 
strain was a more potent activator of inflammatory gene regulation when 
compared to lipoproteins alone, suggesting that additional mechanisms of 
early gene activation exist beyond those mediated by lipoproteins.
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Analysis of differential gene expression in porcine 
lung compartments after an experimental infection 
with Mycoplasma hyopneumoniae in piglets
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Mycoplasma hyopneumoniae, the causative agent of enzootic pneumonia in 
pigs, is one of the main bacterial pathogens involved in porcine respiratory 
disease. It has major economical and animal health implications for the pig 
industry worldwide. Over the last 20 years the introduction of vaccines and 
other research efforts has had limited success in controlling this disease. 
Understanding the host/pathogen interactions between M. hyopneumoniae 
and the different lung compartments present in healthy and diseased animals 
is essential for the development of improved vaccine control strategies against 
this disease. With that aim, 48 piglets were evenly distributed into 6 groups, 5 
groups were each infected with a different field strain of M. hyopneumoniae. 
A sham-infected negative control group was also included. After post-mortem 
laser capture microdissection (LCM) technology was used to collect the most 
important areas of the lung involved in mycoplasma infection, including 
bronchi, parenchyma and bronchi-associated lymphoid tissue (BALT) from 
cryosections. The differential gene expression of selected genes involved 
in Th1, Th2, Th17 and innate immune response was characterised after 
relative quantification of mRNA expression levels using qPCR. In addition 
the M. hyopneumoniae load in each compartment was quantified using 
qPCR. Boosted regression trees were used to characterise the association 
between variables. This analysis demonstrated a clear up-regulation of IL8 in 
all compartments. IL10 and IL23 were up-regulated in bronchi and BALT. IFN 
was down-regulated in all compartments, although the main differences were 
found in BALT, whereas IFN was mainly downregulated in the parenchyma 
of infected groups. The level of regulation was associated with the degree 
of lesions produced by each strain. This work provides an insight into the 
differential regulation of gene expression in physiological compartments of 
the lung whilst demonstrating the usefulness of LCM for in vitro pathogenesis 
studies of mycoplasma infections.
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Induced serum resistance of U. parvum occurs 
without loss of immunodominant epitopes.
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We have previously reported that serum killing of Ureaplasma parvum is 
predominantly mediated by the classical complement pathway.  While 
some strains show lower serum sensitivity, the presence of multiple epitope 

recognising antibodies in seropositive human sera increases the serum’s 
ability to kill all strains, although a wide variation of antigens are recognised 
by different bactericidal sera. We have found that serial challenge of several 
clinical U. parvum strains with repeated serum attack induced a complete 
serum resistance to all human sera, irrespective of variation in Ureaplasma 
proteins recognised by different sera.  Induced resistance required between 
4-7 serial challenges to emerge. Immunoblot comparison of parental and 
subsequent resistant strains did not identify any loss of Ureaplasma antigens 
recognised by the sera to which strains were now resistant.  Immunoblot 
analysis using monoclonal antibodies recognising the repeat region of the 
multiple banded antigen found that complete serum resistance occurred 
in the absence of change or loss of expression of this major surface 
antigen.  Carbohydrate staining also failed to show any alterations of 
glycosylation that could have resulted in an altered composition of surface 
glycoproteins that could interfere with complement-mediated killing. 
However, a 41 kDa protein was consistently induced coincident with the 
emergence of serum resistance in all resistant strains.  Investigation of a 
characterised laboratory strain of U. parvum with a reduced genome was 
unique in its inability to induce resistance and inability to express the 41 
kDa protein, even after 15 serial serum attacks.  Moreover, transposon 
mutagenesis of a resistant strain knocked-out serum resistance and the 
expression of the 41 kDa protein, and serum resistance could not be re-
induced in the mutagenised strain.  However, endogenous expression of the 
41 kDa protein in low passage clinical isolates (and serum resistance) was 
rare.  Since induced serum resistance is only coincident with the 41 kDa 
protein expression, this suggests that it mediates resistance to serum killing, 
even in the presence of anti-Ureaplasma antibodies that recognised multiple 
epitopes.  The underlying mechanism by which this protein mediates 
resistance continues to be investigated.

Symposium III: Genomes and beyond

23
Predicting the minimal translation apparatus: 
lessons from the reductive evolution of Mollicutes
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Mollicutes is a class of parasitic bacteria that have evolved from a common 
Firmicutes ancestor mostly by massive genome reduction. With genomes 
under 1 Mbp in size, most Mollicutes species retain the capacity to replicate 
and grow autonomously. The major goal of this work was to identify the 
minimal set of proteins that can sustain ribosome biogenesis and translation 
of the genetic code in these bacteria. Using the experimentally validated 
genes from the model bacteria Escherichia coli and Bacillus subtilis as input, 
genes encoding proteins of the core translation machinery were predicted 
in 39 distinct Mollicutes species, 33 of which are culturable. The set of 
260 input genes encodes proteins involved in ribosome biogenesis, tRNA 
maturation and aminoacylation, as well as proteins cofactors required for 
mRNA translation and RNA decay. A core set of 104 of these proteins is 
found in all species analyzed.  Genes encoding proteins involved in post-
translational modifications of ribosomal proteins and translation cofactors, 
post-transcriptional modifications of t+rRNA, in ribosome assembly and 
RNA degradation are the most frequently lost. As expected, genes coding for 
aminoacyl-tRNA synthetases, ribosomal proteins and initiation, elongation 
and termination factors are the most persistent (i.e. conserved in a majority 
of genomes). Enzymes introducing nucleotides modifications in the 
anticodon loop of tRNA, in helix 44 of 16S rRNA and in helices 69 and 80 
of 23S rRNA, all essential for decoding and facilitating peptidyl transfer, are 
maintained in all species. Reconstruction of genome evolution in Mollicutes 
revealed that, beside many gene losses, occasional gains by horizontal gene 
transfer also occurred. This analysis not only showed that slightly different 
solutions for preserving a functional, albeit minimal, protein synthetizing 
machinery have emerged in these successive rounds of reductive evolution 
but also has broad implications in guiding the reconstruction of a minimal 
cell  by synthetic biology approaches.
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Proteases shape the membrane surface protein 
topography of Mycoplasma hyopneumoniae
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The P97 and P102 adhesin families have been shown to be highly 
expressed on the surface of M. hyopneumoniae. Proteome studies show 
that all members of these two families present as cleavage fragments on 
the cell surface with full length molecules either in low abundance or not 
detectable by mass spectrometry. Various cleavage fragments bind porcine 
cilia and porcine epithelial cell monolayers at least in part via interactions 
with glycosaminoglycans and fibronectin. These interactions suggest that 
the P97 and P102 paralog families are the principal means by which M. 
hyopneumoniae interfaces with cell surface host receptors. Cleavage 
fragments derived from the P97 and P102 adhesin families also play an 
important role in how M. hyopneumoniae sequesters plasmin(ogen) to its cell 
surface. M. hyopneumoniae engages the plasminogen system in the airways 
of the porcine respiratory tract generating elevated levels of plasmin. Levels 
of proinflammatory cytokines IL-1β, TNF-α and IL-6 in tracheobronchial 
lavage fluid of pigs experimentally infected with M. hyopneumoniae correlate 
positively with plasmin suggesting that plasminogen is activated to plasmin 
as part of the host inflammatory response to M. hyopneumoniae infection.
Surfaceome studies based on complimentary orthogonal protocols have 
identified over 150 proteins on the surface of M. hyopneumoniae. Apart 
from the P97 and P102 adhesin families we have identified lipoprotein, 
transporters and a number of proteins that perform well known enzymatic, 
structural and chaperone functions in the cytosol. Subsets of these so-called 
moonlighting molecules are also targets of proteolytic events indicating 
that the surface proteome is extensively modified by proteolysis. Analysis of 
cleavage fragments using mass spectrometry-based methods has enabled 
us to commence the process of accurately mapping cleavage sites. A number 
of M. hyopneumoniae proteases with different cleavage site specificities 
are active on the cell surface. We are characterising the functions of these 
proteases with the aim of better understanding their role in shaping the 
membrane surface protein topography in M. hyopneumoniae.

Short talks 2: Molecular approaches for 
understanding and controlling mollicutes
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Expression of differential extracellular domains 
of orthologous surface proteins from Mycoplasma 
hyopneumoniae and Mycoplasma flocculare

Fernanda Munhoz dos Anjos Leal1, Carolina Lummertz Martello1,  
Veridiana Gomes Virginio1, Luciano Reolon2, Irene Silveira Schranck2, 

Henrique Bunselmeyer Ferreira1
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Mycoplasma hyopneumoniae and Mycoplasma flocculare are closely 
related genetically and both colonize the swine respiratory tract. Despite 
of their similarities, M. hyopneumoniae is pathogenic, being the causative 
agent of enzootic porcine pneumonia, while M. flocculare is a commensal 
bacterium. In this work, we are performing a comparative analysis of 
ortholog surface proteins between these two species, searching for 
differences that could explain the virulence of M. hyopneumoniae and the 
lack of it in M. flocculare. A total of 170 ortholog pairs of putative surface 
proteins were individually aligned, using ClustalW algorithm available in the 
MEGA 5.05 software package, and had their topologies predicted using the 
TopPred, Phobius and TMHMM programs. This allowed the identification 
of 148 proteins whose orthologs in the two species present differences in 
putative extracellular domains in terms of insertions/deletions of amino 
acid stretches (of 5 aa or more) and/or lower similarity (at least 30% 
lower than that of adjacent sequences). Among these proteins, 3 pairs of 
hypothetical proteins were selected and their differential domains are being 
cloned and expressed in Escherichia coli. Initially, the coding sequences of 
the differential domains from M. hyopneumoniae MHP7448_0612 (306 
pb) and M. flocculare MF_00357 (393 pb) were amplified and cloned into 
the pGEX4T-3 vector by in vivo homologous recombination in E. coli KC8. 
The recombinant domains (polypeptides with 11.4 kDa and 14.7 kDa, 
respectively) were expressed in E. coli and purified. The process of cloning 

and heterologous expression of the differential domains of the other two 
selected ortholog pairs is under way. All the recombinant polypeptides 
from M. hyopneumoniae and M. flocculare produced will be used for 
immunization of mice, in order to assess possible differences between 
the immune responses induced by each of them, and shed some light on 
bacterium-host interactions that lead or not to disease.
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The Sialidase and Variable Surface Proteins Show 
Enhanced Evolvability in Mycoplasma synoviae 
Versus Mycoplasma gallisepticum

Meghan May1, Daniel R. Brown2, Steven J. Geary3, Edan R. Tulman3

1 University of New England; 2 University of Florida;  
3 University of Connecticut 

Phone: 011-207-602-2164, Fax: , Email: mmay3@une.edu

The avian pathogens Mycoplasma synoviae and Mycoplasma 
gallispeticum share numerous horizontally transferred genes including 
those encoding a sialidase (NanI) and a large family of variable 
surface proteins (VlhA).  To examine the differing effects of selection 
on each feature in these two organisms, the ratio of synonymous to 
non-synonymous mutations (ω) was calculated for each species using 
both M8 and mechanistic-empirical combined (MEC) models.  NanI 
and VlhA in the M. synoviae genomic contex were under significant 
diversifying selection, whereas the homologous proteins in the M. 
gallisepticum genomic context were not.  The evolvability (E) of both 
features was then calculated using the ω values at each site from the 
neutrally selected NanI and VlhA of M. gallisepticum (“expected”) and 
the positively selected NanI and VlhA of M. synoviae (“observed”).  A high 
number of sites were found to be significantly evolvable for both proteins 
of M. synoviae.  The relationship between E and ω was unremarkable for 
VlhA, but showed a quadratic relationship (R2 = 0.966) for NanI.  These 
findings establish the discrete evolutionary behavior of these two genes 
in different genomic contexts, and represent the first demonstration of 
evolvability measurements using naturally evolved populations in any 
organism.
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A self loading microfluidic system for rapid  
detection of Mycoplasma mycoides subsp.  
mycoides and Mycoplasma capricolum subsp. 
capripneumoniae at the point-of-care

Anne Liljander*1, Julia F. Nepper2, Joerg Jores1, Douglas B. Weibel2
1 International Livestock Research Institute, Nairobi, Kenya; 

 2 University of Wisconsin-Madison, Madison, WI, USA 
Phone: +254 710 866 410, Fax: +254 20 422 3001,  
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Contagious bovine pleuropnuemonia (CBPP) and contagious caprine 
pleuropneumoniae (CCPP), caused by Mycoplasma mycoides subsp. 
mycoides (Mmm) and M. capricolum subsp. capripneumoniae (Mccp), 
respectively, are highly contagious diseases that affect cattle and goats 
throughout sub-Saharan Africa. CBPP and CCPP are consistently ranked 
amongst the most serious livestock diseases by regional and national 
authorities and cattle keepers alike; both FAO and AU-IBAR consider 
improved diagnostic tests and vaccines for CBPP/CCPP to be a research 
priority. Available methods for bacterial screening and identification, e.g. 
culture, CFT, ELISA and PCR, are time-consuming and require fully equipped 
laboratories and trained personnel. We are developing an inexpensive 
(Mmm and Mccp. This MycoChip consists of a disposable silicone “cartridge” 
(a central microfluidic channel surrounded by micro-chambers) and a 
smartphone driven, portable electronic interface for assay heating, data 
collection, and data transmission over wireless networks. Sealed vacuum-
packed cartridges, pre-coated with lyophilized enzymes and primers/probes 
(unique to Mmm and Mccp respectively) supports a rapid and specific 
isothermal DNA amplification using recombinase polymerase amplification 
(RPA). Once loaded with sample, Mycoplasma DNA in the sample (if present) 
is amplified in the corresponding micro-chamber from a small number of 
target copies to detectable levels in 10-15 min. Liquid spiking experiments 
demonstrated the ability to detect very few copies of target DNA (in the 
range of 103 – 104 bacteria/ml). The MycoChip can be optimized for samples 
from nasal swabs, tracheal swabs and pleural fluids. The device requires 
very little technical training to operate, does not necessitate the use of 
laboratory equipment, and fits in a hand-held package appropriate for use 
by a community agricultural or healthcare worker in a variety of resource-
limited environments. 
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Wide dispersal and diversity of integrative 
conjugative elements within ruminant Mycoplasmas

F. Tardy1, V. Mick1, E. Dordet-Frisoni2, M. Marenda3,  
P. Sirand-Pugnet4, A. Blanchard4, C. Citti2
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Genome reduction was long thought to be the only process driving 
mycoplasma evolution until Horizontal Gene Transfer (HGT) was evidenced 
by comparative genomics. With approximately 40 (sub)species, many of 
which being pathogenic and sharing the same ecological niche, ruminant 
mycoplasmas provide an interesting model for the understanding of HGT 
and subsequent genome remodeling. Recently, our group demonstrated 
that an integrative conjugative element (ICE) of M. agalactiae was able to 
disseminate among cells and to confer the host strain with the ability to 
conjugate, pointing towards ICEs as important contributors to HGT. The aim 
of the present study was to survey the occurrence and document the gene 
organisation of ICEs among ruminant mycoplasmas. A collection of 166 
strains from 4 (sub)species recognized as major pathogens was screened by 
PCR assays targeting 4 genes selected because they were distributed along 
the ICE and highly conserved across species, hence constituting the ICE 
minimal backbone. These are: ORF1 and ORF22 that respectively stands at 
each end of the ICE, with ORF22 encoding the integrase; ORF5 and ORF17, 
two tra genes encoding proteins involved in DNA transfer through the mating 
pore. Data showed a wide dispersal of ICEs in strains with a prevalence 
that varies within and among species. Their occurrence was not linked to 
individual strain history and some ORFs were preferentially preserved from 
genetic decay. ICE free, extrachromosomal-form was regularly detected 
suggesting that ICEs are able to circularize in all species, a step essential in 
ICE transfer. Examination of the junction of the circular forms and molecular 
phylogenetic analyses of conserved ORFs clearly point towards two different 
types of ICE, the M. bovis/M. agalactiae and M. mycoides type, showing a 
different propensity to circulate between strains and species. Overall, our 
results suggest that ICEs are important players in current mycoplasma 
genome dynamics.
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Comparative genome analysis of Mycoplasma 
pneumonia

Li Xiao, Travis Ptacek, John D. Osborne, Ranjit Kumar,  
Warren L. Simmons, Lynn B. Duffy, Donna M. Crabb, Elliot J. Lefkowitz,  

Ken B. Waites, T. Prescott Atkinson, Kevin Dybvig 
University of Alabama at Birmingham 
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Mycoplasma pneumoniae is a common pathogen that causes upper and 
lower respiratory tract infections in people of all ages, responsible for up 
to 40% of community-acquired pneumonias. It also causes a wide array 
of extrapulmonary infections and autoimmune phenomena. Previous 
studies have focused on finding pathogenic factors and elucidating their 
mechanisms of pathogenicity. Phylogenetic studies have been generally 
restricted to specific regions of the genome (such as the P1 adhesin gene 
mpn141) because whole genome sequencing has been completed for only 5 
strains. We performed Illumina (HiSeq and MiSeq) whole genome sequencing 
on 11 strains of M. pneumoniae (including one ATCC reference strain MAC) 
that were isolated between 1940s to 2009 from respiratory specimens and 
cerebrospinal fluid originating from the US, China and England. We also 
resequenced 4 of the 5 published reference genomes (M129, FH, UAB PO1, 
and 19294, all from US) using the same technology. Early results from a 
comparative genomic analysis (pairwise blast comparison) indicate there 
are 2 clades of M. pneumoniae and an overall high degree of sequence 
similarity within the clades.  Interestingly, three strains from England are in 
the same clade as the FH strain (type 2) and 2 strains from China fall in 
the other as the M129 strain (type 1), while the rest 8 US strains are evenly 
distributed between the two, a result consistent with the 16S rRNA gene 
tree. We are now completing the final assembly and annotation of these 
genomes in order to better understand the physiology and pathogenicity of 
this important human pathogen.

Seminar 5: Evolution of mollicutes
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Adaptive evolution of phytoplasma effector SAP11

Zigmunds Orlovskis1, Maria Cristina Canale2, Allyson MacLean1,  
Joao Spotti Lopes2, Saskia Hogenhout1
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Phytoplasmas are insect-transmitted plant pathogens that produce a 
number of virulence proteins (effectors) that modulate plant processes. 
Effector SAP11 was initially characterised from Aster Yellows phytoplasma 
strain Witches’ Broom (AY-WB), a phytoplasma that readily infects diverse 
plant species. SAP11 destabilises plant TCP transcription factors resulting in 
stem proliferation and altered leaf morphology. Moreover, SAP11 generates 
plants that are more attractive to AY-WB insect vectors. We identified a 
SAP11 homolog in the genome of a Mexican isolate of Maize Bushy Stunt 
Phytoplasma (MBSP), an important disease agent of maize throughout Latin 
America. We wished to investigate if SAP11 is commonly present amongst 
other MBSP isolates and if it interacts with maize TCP transcription factors. 
Maize plants with MBSP symptoms were collected in various maize growing 
regions of Brazil and brought back to the laboratory for insect transmission 
assays and molecular analysis. We examined the presence of MBSP SAP11 
gene and the arrangement of surrounding coding sequences within a region 
that resembles a potential mobile unit (PMU). Samples were also processed 
for whole genome sequencing. Moreover, interactions between MBSP SAP11 
and TCPs were investigated by yeast two-hybrid assays and phenotype 
analyses of transgenic Arabidopsis plants. We found that SAP11 homologs 
are present in all Brazilian MBSP isolates with similar organisations of the 
coding sequences within the SAP11 PMU-like regions. We also found that 
MBSP SAP11 interacts with a different suite of TCPs and induces different 
developmental phenotypes in Arabidopsis than AY-WB SAP11 does. Taken 
together, our results suggest that phytoplasma SAP11 homologs have evolved 
to interact with different sets of TCPs that may reflect their extant plant host-
ranges and dependency on different insect vector species for transmission.
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Genome diversity and evolution in insect-associated 
Spiroplasma

Chih-Horng Kuo
Institute of Plant and Microbial Biology, Academia Sinica 

Phone: +886-2-27871127, Fax: +886-2-27827954,  
Email: chk@gate.sinica.edu.tw

The genus Spiroplasma contains a group of helical, motile, and wall-less 
bacteria in the class Mollicutes. Ecologically, Spiroplasma species are often 
associated with various arthropod or plant hosts. The interactions range from 
beneficial symbiosis to parasitism with varying levels of host-dependence. 
Evolutionally, Spiroplasma and Mycoplasma are closely related with 
intertwined phylogenetic relationships. However, in contrast to the extensive 
efforts devoted to Mycoplasma research, no complete genome sequence 
of Spiroplasma was available. This bias in the taxon sampling of available 
genome sequences has limited our understanding of genome evolution in 
these bacteria, particularly considering the observation that Mycoplasma is 
a polyphyletic group with the Mycoides cluster nested within Spiroplasma. To 
investigate the genome diversity of Spiroplasma and to facilitate comparative 
analyses with Mycoplasma, our research group has completed multiple genome 
sequencing projects for the key Spiroplasma lineages. Our results provided 
several novel insights into the genome evolution of Spiroplasma, including: 
(1) the invasion and extensive expansion of viral sequences in Spiroplasma 
genomes appear to have occurred in the common ancestor of the Citri clade, 
(2) the horizontal gene transfers facilitated by viral invasions are linked to 
the genetic differentiations between plant-pathogenic S. citri and insect-
pathogenic S. melliferum, (3) four divergent mosquito-associated Spiroplasma 
species in the Apis clade adapted to similar ecological niches through different 
strategies of nutrient utilization, (4) the pathogenicity towards insect hosts 
may be explained by a small number of putative virulence factors, such as 
those involved in reactive oxygen species production, and (5) the common 
ancestor of Mollicutes might have had a relatively large genome with versatile 
metabolic capacity, while the extremely reduced genomes of Mycoplasma and 
‘Candidatus Phytoplasma’ are likely to be results of independent gene losses. 
In summary, the diversity of Spiroplasma-host interactions provides a valuable 
system to investigate the evolutionary transitions between ecological niches in 
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Mollicutes. Future comparative genomics and molecular genetics studies will 
further improve our knowledge of the genetic mechanisms that explain the 
phenotypic differences among species.
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Evolutionary history of contagious bovine 
pleuropneumonia using Next generation  
sequencing of Mycoplasma mycoides subsp.  
mycoides “small colony”
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Emilie Dordet-Frisoni4, Christine Citti4, François Poumarat5, Alain 

Blanchard6, Marc Breton7, Pascal Sirand-Pugnet7, Francois Thiaucourt1

1 CIRAD, CMAEE Montpellier France; 2 CEA/DSV/IG/Genoscope, Evry, 
France; 3 Université de Bordeaux, CBiB, Bordeaux, France; 4 INRA-ENVT UMR 

1225, Toulouse, France; 5 ANSES UMR mycoplasmoses des ruminants, 
Lyon, France; 6 Université de Bordeaux, UMR1332, Villenave d’Ornon, 

France; 7 INRA UMR1332, Villenave d’Ornon, France 
Phone: 33 467593723, Fax: 33 467593798, Email: thiaucourt@cirad.fr

Mycoplasma mycoides subsp. mycoides “Small Colony” (MmmSC) is 
responsible for contagious bovine pleuropneumonia (CBPP) in bovidae, a 
notifiable disease to the World Organization for Animal Health (OIE). Although 
its origin is not documented, the disease was known in Europe in 1773. It 
reached nearly world-wide distribution in the 19th century through the cattle 
trade and was eradicated from most continents by stamping-out policies. 
During the 20th century it persisted in Africa, and it reappeared sporadically 
in Southern Europe. Yet, classical epidemiology studies failed to explain the 
re-occurrence of the disease in Europe in the 1990s. The objectives of this 
study were to obtain a precise phylogeny of this pathogen, reconstruct its 
evolutionary history, estimate the date of its emergence, and determine the 
origin of CBPP in Africa and of the most recent European outbreaks. A large-
scale genomic approach based on next-generation sequencing technologies 
was applied to construct a robust phylogeny of this extremely monomorphic 
pathogen by using 20 representative strains of various geographical origins. 
Sixty two polymorphic genes of the MmmSC core genome were selected, 
representing 83601 bp in total and resulting in 139 SNPs within the 20 
strains. A robust phylogeny was obtained that identified a lineage specific 
to European strains; African strains were scattered in various branches. 
Bayesian analysis allowed dating the most recent common ancestor for 
MmmSC around 1700. The strains circulating in Sub-Saharan Africa today, 
however, were shown to descend from a strain that existed around 1810. 
MmmSC emerged recently, about 300 years ago, and was most probably 
exported from Europe to other continents, including Africa, during the 19th 
century. Its diversity is now greater in Africa, where CBPP is enzootic, than in 
Europe, where outbreaks occurred sporadically until 1999 and where CBPP 
may now be considered eradicated unless MmmSC remains undetected.
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The origin of the ‘Mycoplasma mycoides cluster’ 
coincides with domestication of ruminants

Anne Fischer1, Beth Shapiro2, Martin Heller3, Christiane Schnee3, Pascal 
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The ‘Mycoplasma mycoides cluster’ comprises the ruminant pathogens 
Mycoplasma mycoides subsp. mycoides, Mycoplasma capricolum subsp. 
capripneumoniae, Mycoplasma capricolum subsp. capricolum, Mycoplasma 
leachii and Mycoplasma mycoides subsp. capri. These pathogens are 
obligate parasites of goats, sheep and cattle and cause major livestock 
plagues like contagious bovine pleuropneumonia and contagious caprine 
pleuropneumonia as well as other diseases. We established a MLST scheme 
to characterize 118 strains belonging to the ‘M. mycoides cluster’ and 5 
strains that were isolated from wild Caprinae. We collected partial sequences 
from seven housekeeping genes totalling 3,816 base pairs for phylogenetic 
and population genetics analysis using varies program tools including 
BEAST. The origin of the ‘M. mycoides cluster’ dates to about 10,000 years 
ago, suggesting that the establishment and spread of the cluster coincided 
with livestock domestication. The diversification of the cluster was driven by 
hybridization and recombination events. The five related strains have been 
phenotypically and genetically characterized and constitute the new species 
M. feriruminatoris.

Seminar 6: From genomics towards  
synthetic biology
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Analysis of complete genomes highlights differences 
in encoded metabolic and virulence-related features 
in acholeplasmas and phytoplasmas
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Acholeplasma laidlawii was for several years the only species of its genus 
with a genome sequence available. We invested in complete genome 
determination of the plant-derived isolates Acholeplasma palmae strain 
J233 and Acholeplasma brassicae strain O502 filling up this gap of 
information and providing a database for a comparative analysis of 
the acholeplasmas and the related pathogenic phytoplasmas. Genome 
sequences were determined by whole genome shotgun approach 
incorporating clone-derived Sanger reads and pyrosequencing reads. 
Finished sequences were annotated and metabolism reconstructed. 
Data was compared to the complete genomes of A. laidlawii and 
of ‘Candidatus Phytoplasma’ species. A. palmae and A. brassicae 
encode circular chromosomes, which are 1,554,229 and 1,877,792 
bp in size (G + C content of 29 and 36%) encoding 1,439 and 1,690 
proteins, respectively. In contrast to the acholeplasmas, phytoplasma 
genomes are characterized by horizontal gene transfers, large genomic 
rearrangements and transposon mediated duplications resulting 
in repeat-rich DNA hampering sequence assembling and limiting 
assumptions made from draft sequences. Duplication events in the 
two new acholeplasma genomes are limited to the rRNA operons in 
A. brassicae and an independently introduced second gene encoding 
a single-stranded binding protein in both genera. Other differences 
in the encoded genomic content of achoplasmas are the cell division 
protein FtsZ, an F0F1 ATP synthase, the Rnf-complex, SecF/G of the Sec-
dependent secretion system and a rich environment of ABC transporters 
beside the complex carbohydrate metabolism. Comparative analyses 
highlight genome condensation taking part in both taxa and an 
evolutionary split of the two genera resulting in the obligate parasitism 
of the phytoplasmas. Although there is a shared genetic repertoire in 
both genera, the evolutionary split is characterized by the absence of 
metabolic key proteins such as the malate dehydrogenase and proteins 
involved in host-interaction such as certain membrane proteins and 
described virulence-associated effector proteins of phytoplasmas. 
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Large chromosomal replacements occur in vitro 
within and among ruminant mycoplasmas via an 
unconventional mechanism involving conjugation 
and homologous recombination
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Horizontal gene transfer (HGT) plays a major role in bacterial evolution 
but it was long thought to be marginal in mycoplasmas. Comparative 
genome analyses reporting large-scale gene transfer between ruminant 
mycoplasmas challenged this dogma and prompted us to address this 
issue in vitro. We demonstrated that an integrative conjugative element 
of M. agalactiae, ICEA, is self-transmissible among cells via conjugation. 
During this process, we also observed the transfer of chromosomal DNA 
loci, unrelated to ICEA, and occurring in opposite direction to ICE transfer, 
from ICEA-negative to ICEA-positive cells. To further comprehend this 
unconventional phenomenon, a set of M. agalactiae clones derived from 
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strain 5632 or from strain PG2 were tagged by random chromosomal 
insertions of antibiotic resistance genes and used, in various combinations, 
in mating experiments. Analyses of individual transconjugants confirmed 
that ICEA and chromosomal transfers are physically unrelated and further 
showed that donor chromosomal DNA is incorporated in the recipient 
genome by homologous recombinations. In order to apprehend the 
extent of chromosomal exchanges that occur during matings, a global 
metagenomic approach was devised that involved sequencing of pools of 
transconjugants using Illumina NGS technology. Data derived from ca. 200 
transconjugants showed that all parts of the chromosome can be virtually 
exchanged, with more than 90 kb being transferred at once. Furthermore, 
5,632 transconjugants were obtained following mating with another 
species, M. bovis, indicating that this phenomenon is not restricted to one 
species. These findings radically change our views concerning the evolution 
of mycoplasmas, with particularly far-reaching implications given that over 
100 species are human or animal pathogens.
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Extending genome transplantation using 
Mycoplasma capricolum subsp. capricolum  
as a recipient cell
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The transplantation of a whole bacterial genome from one species into 
another has been recently reported (1). The process requires three key 
phases; (i) isolation of intact and naked donor genomic DNA (gDNA), (ii) 
preparation of competent recipient cells and (iii) installation of isolated 
genomes into the recipient cells and with appropriate selection results in 
new cells having the genotype and the phenotype of the donor genome. 
Mycoplasma capricolum subsp. capricolum (Mcap) and Mycoplasma 
mycoides subsp. capri (Mmc), which are fast growing Mycoplasma species, 
were used as recipient cells and donor genome respectively, for the proof 
of principle for this project. Mcap and Mmc are distinct species but closely 
related phylogenetically with a global proteome similarity of ~86%. The 
mechanisms for transplantation and the genetic determinants governing 
the process of transplantation are unknown. Here, we started to study 
the mechanisms of genome transplantation by evaluating the degree of 
relatedness necessary for transplantation between the Mcap recipient 
cell and the genomes of more and more distant species. As expected, 
our results indicate that the phylogenetic distance between the donor cell 
and the recipient cell is a key parameter for transplantation. This finding 
is in agreement with the requirement for the host machinery to be able 
to read the genetic information carried by the input genome, to direct 
protein synthesis and to replicate this genome. However, the success 
of transplantation does not depend only on the phylogenetic proximity 
between the donor cell and the recipient cell, since, in certain cases, 
genome transplantation between closely related species was inefficient. As 
a whole, these data reveal that some strain-specific factors may interfere 
during genome transplantation and constitute a new barrier to this process.
(1) Lartigue C, et al. (2007) Genome transplantation in bacteria: changing 
one species to another. Science 317(5838):632-638.
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Understanding the mechanism of hydrogen peroxide 
production in Mycoplasma mycoides subspecies 
capri using synthetic biology techniques
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Mycoplasma mycoides subspecies mycoides (Mmm) is a pathogenic 
bacterium that causes contagious bovine pleuropneumoniae (CBPP) 
in cattle, an economically debilitating disease in many parts of Africa. 
Current vaccination programs are not efficient and efforts to develop more 
potent and rationally designed vaccines are difficult, owing to the limited 
molecular tools available to probe this genetically intractable organism. 

However, genetic tools based on synthetic biology (SB) technology have 
been recently developed for the closely related Mycoplasma mycoides 
subspecies capri (Mmc), including tandem repeat coupled with 
endonuclease cleavage (TREC) and the newly developed TREC knock-
in (TREC-in) methods. These tools have made genetic engineering and 
generation of clean deletions possible in Mmc, which was not formerly 
possible. Since these tools have been developed for Mmc, we are using it 
as a model organism to probe and understand virulence mechanism, as 
well as develop a rational approach towards vaccine development. It has 
been previously reported that hydrogen peroxide production is a virulence 
factor for several Mycoplasma species, including the respiratory pathogens 
M. pneumoniae, M. pulmonis and Mmm. For the latter, the production of 
hydrogen peroxide has been directly linked to the glycerol metabolism 
and associated with cytopathic effect (1). Using SB tools, including TREC 
and TREC-in, we targeted either the individual components or the entire 
glycerol-dependent hydrogen peroxide pathway in Mmc, generating clean 
deletions, thereby analyzing the role of individual genes in the pathway. As 
previously found for Mmm, the glycerol metabolism in Mmc is associated 
with hydrogen peroxide production. Interestingly, our data also indicate 
a glycerol-independent mechanism of hydrogen peroxide production, 
which we are currently investigating. Multiple pathways of hydrogen 
peroxide production are indicative that it is an important mechanism of 
virulence and infection of the host. Therefore, examining the biology of 
virulence pathways in Mmc using synthetic biology techniques will enable 
us to further explore the pathogenicity of other genetically intractable 
mycoplasma species, including Mmm and help us in development of a 
rationally designed vaccine against CBPP. 
1. Pilo et al. (2005) A Metabolic Enzyme as a Primary Virulence Factor 
of Mycoplasma mycoides subspecies mycoides Small Colony. J. Bacteriol. 
187, 6824-6831.
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Phytoplasma cultivation from a micropropagated 
plant collection
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In contrast to mycoplasmas, which cause an array of disorders in animals 
and humans, phytoplasmas resisted all attempts to culture them in cell-
free media. Despite reduced genome size in comparison to their ancestors, 
they retain an independent metabolism that allows them to survive in 
environments as diverse as plant phloem and insect haemolymph. This 
versatility is a unique property among microbes, shared only with some 
animal- or plant-infecting viruses and a few other microorganisms such as 
the causal agent of malaria. 
Very recently the proof that phytoplasmas can now be grown on laboratory 
media was provided employing specific commercially available media. 
Several key points were important to achieve this result: plant tissue 
selected for isolation must contain viable phytoplasmas; release of 
phytoplasmas must be achieved from the sieve-tubes in the presence 
of sieve-tube sap coagulation mechanisms to prevent loss on trauma, 
the incubation period must be of sufficient time to allow evidence of 
phytoplasma growth to manifest itself. Inadequacy on any of these points 
would result in failure so there are many reasons, apart from a suitable 
medium, that could be responsible for previous failures. Besides the 
initial seven phytoplasmas, six additional strains were grown: ‘Candidatus 
Phytoplasma trifolii’ (strain PWB, ribosomal group 16SrVI-A), ‘Ca. P. 
aurantifolia’ (strain WBDL, ribosomal group 16SrII-B), ‘Ca. P. pruni’ (strain 
CX, ribosomal group 16SrIII-A), ‘Ca. P asteris’ (strain KVE, ribosomal group 
16SrI-C), ‘Ca. P. phoenicium’ (strain PEY, ribosomal group 16SrIX-C), and 
‘Ca. P. prunorum’ (strain PLNV6, ribosomal group 16SrX-B). Additional types 
of phytoplasmas are in the initial isolation stage, but it appears that all the 
available phytoplasma strains can be cultured. Contrary to the prevailing 
dogma in plant pathology, therefore, phytoplasmas, like mycoplasmas, can 
indeed be grown independently from the host(s). 
The results will produce a more detailed knowledge about basic 
mechanisms that regulate the survival of phytoplasmas, which are among 
the smallest known living organisms, but can induce among the most 
severe epidemics in agriculture.
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Localization and roles of F1-ATPase subunit  
homologs and P42 of Mycoplasma mobile  
revealed by gene manipulation
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Mycoplasma mobile, the fastest mycoplasma species, forms a membrane 
protrusion at one pole. It exhibits gliding motility with an average speed 
up to 4.5 μm/s in the direction of the protrusion by a unique mechanism. 
Three huge proteins, Gli123, Gli349, and Gli521 are involved in the 
gliding mechanism (Miyata M (2010) Annu. Rev. Microbiol. 64, 519). 
In the present study, to elucidate the gliding mechanism, first, we 
developed a transformation system for M. mobile, and then elucidated 
the subcellular localization of two proteins plausibly involved in the 
gliding mechanism: P42 (MMOB1050) and a homolog of the F1-ATPase 
α-subunit (MMOB1660), by using the enhanced yellow fluorescent 
protein (EYFP). These two proteins were localized at the gliding 
machinery. The F1-ATPase α-subunit homolog may form the tentacles 
of the «jellyfish structure», the intracellular part of gliding machinery, 
together with the homolog of the F1-ATPase β-subunit. This may suggest 
that the movements for gliding are generated by ATP hydrolysis at this 
structure. Interestingly, the sequence analysis of P42 suggested that 
P42 might evolve from a common ancestor with FtsZ, the bacterial 
tubulin, suggesting that P42 could play a role in supporting or bridging 
part in the machinery (Tulum I et al. (2014) J Bacteriol. In press). To 
clarify the roles of these two proteins, we will replace them by dominant 
negative alleles.
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Biochemical and structural characterization of  
a putative uncharacterised protein in  
Mycoplasma hyopneumoniae reveals novel 
moonlighting functions
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Mycoplasma hyopneumoniae is host-adapted to swine and has 
undergone a process of reductive evolution such that it is reliant on the 
host for the supply for essential biochemical compounds. Moonlighting 
proteins represent a subset of multifunctional proteins that perform 
an alternate function(s) often at alternate cellular locations to their 
primary role location. Moonlighting proteins were first described in 1995 
and have since been found in all biological kingdoms. Many bacterial 
moonlighting proteins have additional roles in interacting with host 
molecules particularly extracellular matrix or host cell surface antigens, 
but also in modulating host immune function. An uncharacterised protein 
MHJ_0373 (UniProt# Q4A9W0_MYCHJ) is annotated as a conserved 
hypothetical protein and has a predicted mass of 39 kDa. It lacks evidence 
of a transmembrane domain and is predicted bioinformatically to have 
a cytosolic location in M. hyopneumoniae. Despite this, the molecule 
was reproducibly detected on the cell surface by cell surface proteomic 
analysis. In silico molecular modeling shows MHJ_0373 may function as 
amidohydrolyase hypothesised from the 72.6% identity (z-score -9.12) 
with a solved crystal structure of a Mycoplasma synoviae amidohydrolase. 
Both native and denaturing polyacrylamide gel electrophoresis analysis 
identified multimeric complexes comprising MHJ_0373, confirmed 
by LC-MS/MS analyses. We hypothesised that MHJ_0373 may have 
possible moonlighting functions on the surface of M. hyopneumoniae 
that may aid the pathogen in binding to host cells. We expressed 
MHJ_0373 in E. coli, purified it by nickel affinity chromatography 
and generated polyclonal antisera. Immunofluorescence microscopy 
confirmed that MHJ_0373 resides on the surface of M. hyopneumoniae. 
Bioinformatic analyses of the MHJ_0373 sequence identified several 
putative heparin binding motifs that were located with the surface of 
the homohexameric structure and confirmed that rMHJ_0373 bound 
heparin by thermophoresis. Thermophoretic studies also showed that 
MHJ_0373 bound to plasminogen and ligand blotting studies indicated 
rMHJ_0373 bind fibronectin. Our data shows that M. hyopneumoniae has 
evolved multifunctional moonlighting proteins presumable as a result of 
reductive evolutionary pressures that drove its strict host range.
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Functional characterization of Mycoplasma 
hyopneumoniae Type I signal peptidase
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Mycoplasma hyopneumoniae is an economically significant swine pathogen 
that colonizes respiratory epithelial cells causing porcine enzootic pneumonia. 
Cell adhesion and other processes important for infection depend on 
membrane proteins, most of which are transported by the Sec-dependent 
pathway. Type I signal peptidase (SPase I) is a membrane protease that 
acts in the release of translocated proteins by this pathway, through signal 
peptide (SP) cleavage. Therefore, SPase I is critical for protein export, which 
may play important roles in pathogen-host relationships. The aim of this work 
is the functional characterization of M. hyopneumoniae SPase I (MhSPase I), 
in order to analyze its relevance for bacterial cell viability and pathogenicity. 
M. hyopneumoniae SPase I (MhSPase I) was previously expressed into 
Escherichia coli and purified in recombinant form. In vivo functional activity 
of MhSPase I was initially assessed by complementation of temperature-
sensitive SPase I mutant E. coli IT89. In the performed assay, recombinant 
MhSPase I (rMhSPase I) was able to partially complement SPase I activity 
of E. coli IT89 in the non-permissive temperature, allowing the bacterial to 
survive. In vitro functional activity of rMhSPase I will be evaluated through 
SP cleavage assays, using putative preproteins of M. hyopneumoniae 7488. 
These preproteins were identified in silico using the SP prediction software 
SignalP 4.1, PrediSi, Phobius and Signal-Blast. Among the preproteins 
predicted, three were selected for functional assays: the adhesin P146, 
the lipoprotein Lppt and the hypothetic protein MHP7448_620. The coding 
DNA sequence of their amino-terminal portion containing the putative SP 
were cloned into pGEX 4T-3 vector and expressed in E. coli BL21 pLysE. The 
preprotein purification is being standardized. These recombinant preproteins 
will be used to assess rMhSPase I activity in vitro and its demonstration will 
be taken as evidence of it contribution for pathogenicity in vivo.



20th Congress of the International Organization for Mycoplasmology - IOM42

POSTER SESSION I

Poster session I

42
Molecular epidemiology of mycoplasmal pneumonia 
in goats of North India with particular reference to 
the “Mycoides cluster”

B. Chand Pal
Veterinary University, Mathura,Uttar Pradesh, INDIA 
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In India, the mycoplasmal pneumonia in goats is one of the major causes 
of mortality has been reported by (Shirlaw, 1949; Minnett, 1950; El-Sherif, 
1974; Gupta, 1985; Gupta, 2006; Jain, 2007;Pal,2012). The main etiological 
agent of CCPP is Mycoplasma capricolum subsp. capripneumoniae. This 
organism can be found in association with M. mycoides subsp. capri (Mmc). 
Many workers (Taylor et al., 1992; Bashiruddin et al., 1994; Hotzel et al., 
1996) have developed a PCR based test, which differentiates Mycoplasma 
capricolum subsp. capripneumoniae from the other members of the 
“Mycoplasma mycoides” cluster. Hence there is a great need to detect and 
differentiate the members of the “Mycoplasma mycoides” cluster along 
with their species differentiation by standard polymerase chain reaction 
(PCR). Keeping in view the importance of this test, a total of 182 samples 
from nasal and lung swabs from apparently healthy and pneumonic goats, 
the pleural fluids from slaughtered goats located at different farms were 
collected for this study. Of 134 M/A were obtained and subjected for PCR by 
using Lauerman H. Llyod (1998). technique with different primers such as 
JGMF-1 – ACA CCA TGG GAG CTG GTA AT- 3 415bp JGMR-1 – CCT CAT CGA 
CTT TCA GAC CCA AGG CAT-3 for   16S rRNA (Mycoplasma genus), F- 5’ (ACG 
GAG GTG CTT GCA CCT C) 3’ L 260bp R- 5’ (AAC CTC TCA GTT CGG CTA CG) 
3’ for 16S rRNA (Mycoplasma mycoides cluster, and F-5’(CGA AAG CGG CTT 
ACT GGC TTG TT) 3’ 460 bp R-5’ (TTG AGA TTA GCT CCC CTT CAC AG) 3’for 
Mycoplasma ccp. Of 134, 129 were specific for Mycoplasma genus, 108 for 
“Mycoides culture” group and 81 for M. capricolum subsp. capripneumoniae 
were found positive. The findings too corroborate with findings of (Taylor et 
al., 1992; Bashiruddin et al., 1994; Hotzel et al., 1996; Mc. Auliffe et al., 
2003; Kumar et al., 2003 and Woubit et al., 2004). Further it can be stated 
that routine use of the PCR in the diagnostic laboratory is beneficial. Thus, 
PCR is a powerful and valuable tool for ensuring the correct identification of 
mycoplasma isolates up to species level. 
                                                                                                                                                                                                    
43
Novel Acholeplasma spp. detected in the Florida 
Manatee (Trichechus manatus latirostris).
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The Mollicutes are one of the smallest known free-living and self-replicating 
forms of life. The genus Acholeplasma of the family Acholeplasmataceae 
within the Class Mollicutes currently includes 14 species. Acholeplasma 
species are widely distributed in the nature and can be isolated from 
different plant, avian, and mammalian sources. The acholeplasmas are 
chemoorganotrophs and depend on carbohydrates and amino acids but, in 
contrast to Mycoplasma species, do not require sterols for growth. Although 
acholeplasmas can be isolated from mucosal and skin surfaces of apparently 
healthy animals and birds, in some cases they can be found associated 
with pathological conditions. The biodiversity of Acholeplasma species in 
wildlife, and particularly in marine mammals, is not well studied and poorly 
understood. During this study, four novel Acholeplasma strains were isolated 
from skin samples collected from Florida manatees (Trichechus manatus 
latirostris) in Homosassa Springs Wildlife State Park and were characterized 
and compared to previously established species of the genus Acholeplasma. 
All the novel Acholeplasma strains fermented glucose but did not hydrolyze 
arginine. All the novel strains were isolated and propagated efficiently 
at both aerobic and anaerobic atmospheric conditions at +37˚C using 
SP4-Z medium supplemented with glucose. All isolates were characterized 
biochemically, serologically and genetically (16S rRNA, rpoB genes, and 
16S-23S rRNA ITS). Phylogenetically, all four Acholeplasma strains fell 
into one distinct group on the 16S rRNA and rpoB phylogenetic trees and 
were closely related to Acholeplasma vituli which has been preciously 
isolated from bovine serum. Based on these properties, the Acholeplasma 
species from the Florida manatees represent distinct a novel Acholeplasma 
species. Thus, we propose that this species be given a proposed taxonomic 

status as Acholeplasma manati sp. nov. (GenBank: FJ590754-FJ590757, 
and FJ590759-FJ590762). The pathogenicity of these novel Acholeplasma 
species is unknown. Further research is needed to demonstrate the nature 
of the acholeplasma-host relationship in these animals. Finally, our study is 
representing the first report of isolation of Acholeplasma species in marine 
mammals.
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Mycoplasma hyopneumoniae in farm pigs with 
respiratory pathology in the Russian Federation
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Respiratory bacterial infections in pigs remain a major problem of industrial 
pig farming in the Russian Federation. Mycoplasmas, and particularly M. 
hyopneumoniae, represent important etiological agents of the respiratory 
bacterial infections in livestock animals. The severity of M. hyopneumoniae 
respiratory infection in pigs largely depend on immunological status of 
animals, the use of prophylactic vaccination against the pathogen, as 
well as association of M. hyopneumoniae respiratory infection with the 
secondary viral or bacterial pathogens. In order to determine the spread of 
M. hyopneumoniae in farm pigs in the Russian Federation and the role of M. 
hyopneumoniae in the respiratory pathology, an epidemiological investigation 
of 37 commercial farms and three swine breeding centers, in which there 
is no prophylactic vaccination against the pathogen, was conducted during 
2012-2013. Serum samples and pathological specimens (stillbirths, lung 
lesions from dead and slaughtered animals) were obtained from pigs of 
various technological groups (boars, sows, suckling piglets, weaned and 
fattening pigs, and young breeders). The total of 725 serum samples and 125 
pathological specimens were collected and studied. Serum IgG antibodies 
specific to M. hyopneumoniae were detected using IDEXX M. hyopneumoniae 
Ab ELISA test. The genomic DNA of M. hyopneumoniae in pathological 
specimens was identified using the commercially available species-specific 
PCR (http://www.syntol.ru). Specific antibodies to M. hyopneumoniae in 
pigs of the different ages were detected at all the investigated commercial 
farms, however, no specific antibodies were detected in pigs from swine 
breeding centers. The highest level of the seropositive animals (60-90%) 
was observed among sows, suckling piglets and fattening pigs at the farms 
that have permanent problems with respiratory infections in pigs. However, 
a pronounced reduction in the percentage of antibody-positive animals was 
detected for weaned pigs of the age of 30 to 60 days. The genomic DNA of 
M. hyopneumoniae was detected in 73% of specimens collected from these 
weaned pigs (30-60 days old) with respiratory pathology. Overall, our findings 
clearly demonstrated the circulation of M. hyopneumoniae at industrial pig 
farms in the Russian Federation. The severe consequence of this infection 
with clinical manifestation of respiratory infection was mainly observed in 
pigs of the age of 30 to 90 days. The presence of specific colostral antibodies 
in suckling piglets protects them against clinical disease, however, the drop 
in total specific antibody levels in weaned pigs (after 5-7 weeks) and the 
absence of prophylactic vaccination against the pathogen predispose the 
animals to the clinical manifestation of respiratory M. hyopneumoniae 
infection. Thus, our data on the serological and molecular studies of M. 
hyopneumoniae at industrial pig farms in the Russian Federation revealed 
the wide-spread circulation of pathogenic M. hyopneumoniae and its 
active contribution to the morbidity and mortality of weaned pigs from the 
respiratory pathology. 
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Mycoplasma agalactiae Outbreak in a Goat Herd of 
Rio de Janeiro State, Brazil
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Sheep and goat contagious agalactia (CA) is a disease clinically characterized 
by mastitis, arthritis, agalactia, keratitis and pneumonia, causing significant 
economic losses in dairy goat herds. However, some animals might be 
infected whithout showing any clinical signs (asymptomatic carriers), 
spreading the disease throughout the herd. M. agalactiae is the main 
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CA causative agent, although other species of mycoplasmas such as M. 
capricolum subsp. capricolum, M. mycoides subsp. capri and M. putrefaciens 
may be involved. Infection can be diagnosed by bacterial isolation in rich 
sterols medium or by serological tests such as ELISA, which has been widely 
used with consistent results. In this study, antibodies anti-M. agalactiae were 
surveyed from serum of 20 goats located in São Gonçalo city, Rio de Janeiro 
state, Brazil. Animals did not show any clinical signs of agalactia, mastitis, 
polyarthritis or pneumonia. Surveys were conducted using an indirect ELISA 
with sonicated antigen of M. agalactiae and G-protein conjugate. Moreover, 
due to the genotypic and phenotypic similarity between M. agalactiae and M. 
bovis, an indirect ELISA with whole cell antigen of M. bovis was used. Of all 
analyzed samples, 85% (17 /20) showed anti-M.  agalactiae antibodies  and 
all goats were negative for M. bovis. The presence of M. agalactiae in this herd 
was confirmed by milk culture on modified Hayflick medium and colonies 
were identified using indirect immunoperoxidase test. To our knowledge, this 
is the first description of M. agalactiae infecting goats in Rio de Janeiro state.  
This agent has only been previously isolated from goats in the Brazilian states 
of Paraíba, Rio Grande do Norte and Pernambuco, which are located in the 
northeastern region. This finding corroborates the need for research on M. 
agalactiae in goat herds located in the southeastern region of Brazil.
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Mollicutes found in pinnipeds from Deception Island 
(Antarctica)

Orestes M. Vega-Orellana 1, José B. Poveda1,  
Francisco J. García-Peña2, Daniel García-Párraga3, Susana Pedraza-Díaz4, 

Luis Miguel Ortega-Mora4, Ana S. Ramírez1

1 IUSA, Facultad de Veterinaria, Universidad de Las Palmas de Gran 
Canaria, Spain; 2 Laboratorio Central de Veterinaria de Algete. Algete, Spain; 

3 Veterinary Services. Oceanografic. Valencia, Spain; 4 SALUVET, Faculty of 
Veterinary Sciences, Complutense University of Madrid, Spain 

Phone: +34 928 457432, Fax: +34 928 451142,  
Email: aramirez@dpat.ulpgc.es

Background: During January and February 2010, 46 Antarctic fur seals 
(Arctocephalus gazella) (AFS), 14 Weddell seals (Leptonychotes weddellii) 
(WS), and one Southern elephant seal (Mirounga leonina) (SES) were captured 
at Deception Island, Antarctica, and the presence of Mycoplasma was 
studied in nasal, oral and genital samples. Methods: Samples were collected 
by direct insertion of sterile cotton wool swabs into the mouth, nose and 
prepuce or vagina of the marine mammals. The swabs were placed in FBP 
medium with 0.5% active charcoal and were kept at -20ºC until culture in the 
lab. The samples were thawed at room temperature, vortex and inoculated 
into standard mollicutes broth and agar media. Positive cultures were kept 
in FBD without active charcoal at -80ºC until mycoplasma identification. 
For that positive samples were subcultured into liquid SP4-II medium. After 
the incubation, the cultures were filtered through 0.45 µm pore size sterile 
membranes into the same medium. When color change of the medium was 
observed, culture DNA extraction was done and plated culture onto SP4-II 
medium agar. The plates were incubated at 37ºC under aerobic conditions. 
PCR of the 16S-23S Intergenic Spacer Region, and 16S rDNA were performed 
and the products sent for sequencing. Nucleotide sequences were compared 
with the GeneBank database. Results: Mycoplasma (M.) zalophidermidis 
(genital), and M. sp. CSL7529-conjunctiva (genital and mouth) were found 
in AFS; M. sp. Mirounga ES2805-ORL (genital), M. sp. Mirounga ES2774-
NASSP4 (91% similarity) (mouth), and M. sp Phocoena C-269 (mouth) in WS; 
M. lipofasciens ATCC 35015 (78%) (mouth) in WS and SES; and M. zalophi 
(genital and mouth) were found in all the species. Conclusions: This is the 
first report of Mollicutes in pinnipeds from Antarctica and the information 
can be useful to know more about the ecology of this species.
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A putative spiroplasma isolated from jellyfish 
(Pelagia nocticula)
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Background: There are not previously records of mollicutes in jellyfish. 
Methods: Specimens of jellyfish Pelagia noctiluca (Scyphozoa: Pelagiidae) 
stranded massively in the Canary Islands were studied for the presence of 
mollicutes. Nine batches (10-40 animals/batch) were homogenates and 
1 ml was inoculated in triplicates in liquid SP4-II medium supplemented 
with 1.5% NaCl and incubated at 18ºC for 24 h. After incubation, cultures 

were filtered through 0.45 µm pore size sterile membranes into the same 
medium and incubated with the same conditions but anaerobically. DNA was 
extracted two months later. For sequencing, PCR targeting partial 16S rDNA 
was performed.  Results: Four samples were positive for mollicutes real time 
PCR. All samples grew in broth medium, but no colonies were seen in agar 
medium. The sequences of a partial 16S rDNA PCR products show complete 
similarity among them and corresponds with Spiroplasma sp. Conclusions: A 
possible new putative Spiroplasma species is presented.
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Histological and immunohistochemical findings in 
mastitis caused by Mycoplasma agalactiae in sheep
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Contagious agalactia can be caused by different mycoplasmas which share 
mammary, articular or ocular tropism. This study describes histological and 
immunohistochemical findings in mastitis caused by Mycoplasma  agalactiae 
in sheep. Laboratory investigations were previously carried out on milk 
samples from all slaughtered sheep to confirm the disease. Udders and supra-
mammary lymph-nodes were collected and selected tissue samples were 
taken for histological and immunohistochemical examination. Cells in tissue 
expressing M.agalactiae antigen, MHC-II, CD3 and CD79 lymphocytes were 
also investigated by immunohistochemistry. Cultures test on milk showed the 
presence of typical «fried egg» colonies. Further biochemical and molecular 
biological tests confirmed tissue infection by M.agalactiae. Histological 
findings showed an interstitial monocytic infiltrate in the acute phase, while 
in advanced stages, we found a persistence of monocytic infiltration with 
a slight reduction of secretory tissue; in severe cases, a marked atrophy of 
secretory tissue associated with monocyte infiltration and interstitial fibrosis 
was observed. The lymph nodes showed a reactive hyperplastic lymphadenitis. 
Interestingly, we detected, in spite of negative culture, rare focal monocytic 
infiltration within tissues with recovered secretory activity in the udder of some 
convalescent sheep. Immunohistochemistry for M.agalactiae was strongly 
positive in the lumen of the acini and ducts, while interstitial monocytic cells 
were positive for MHC-II and CD3 antigen. CD3 positive cells, in particular, were 
located in the interstitial tissue around alveoli and ducts, while MHC-II was more 
reactive in the central areas of interstitial infiltrates. In general, our histological 
study describes different histopathological patterns relating to Mycoplasma 
agalactiae infection in sheep. In the acute phase, the main histological lesion 
is an interstitial mastitis characterised by lymphocytes, macrophages and 
dendritic cells.  In the chronic phase, we observed a reduction of secretory 
tissue (accompanied by a reduction in milk production) associated with fibrosis; 
sometimes the disease had a benign course with slight reduction of secretory 
tissue associated with a moderate fibrosis.  In some cases, after an initial 
drop of lactation (acute phase), there was a recovery of the daily amount of 
milk which in two weeks came back to normality. In these cases Mycoplasma 
agalactiae was not recovered although histology showed the presence of rare 
lymphocytic infiltrates that might represent a latent phase of disease, where 
the immune system can not completely eliminate the pathogen. 
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In Italy the presence of mycoplasma in the nervous system of animals was 
studied for the first time in 1950 (Valenti/Zavagli, 1951) at the Istituto 
Zooprofilattico Sperimentale of Latium and Tuscany. In those years the 
difficulties to obtain sufficient amounts of antigen for vaccine preparation 
and the lack of appropriate media induced laboratories to utilize tissue 
homogenates from infected animals such as the “Mirri vaccine” made from 
formolized infected milk and the “Zavagli vaccine” made from udder and 
brain; these early vaccines were used by farmers and vets to effectively 
control CA. The brain, together with the udder, as target tissue from infected 
sheep for vaccine preparation was chosen because they contained the 
highest levels of pathogen. The mycoplasma affinity for the nervous system 
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was not further investigated but today vaccines from such tissues are 
strictly forbidden. Nevertheless mycoplasma isolation from nervous system 
continues to be occasionally reported in livestock in different countries 
as occasional “case reports”: M.bovis seems to be the most involved in 
neuropathology because of the frequent infection of the ear duct of calves 
which often evolves in purulent encephalitis/meningitis. We report here 
the presence of M agalactiae in the brain of sheep experimentally infected 
via the mammary gland during a vaccine efficacy trial. After euthanization 
and slaughtering at different stages of the infection some animals were 
investigated for mycoplasma.  Out of 4 sheep slaughtered on days 15, 30, 
45, and 60, all four were found to be positive for mycoplasma antigen in brain 
tissues. Other organs, udder and kidney but not liver, lung or spleen, from the 
same sheep were also found to be positive. The presence of the pathogen 
in the brain of these sheep underlines the potential role of mycoplasmas as 
causes of encephalitis and other CNS diseases.
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Economic losses due to contagious agalactia (CA) in small ruminants herds 
are mainly associated with significant reductions or complete loss of dairy 
production, mortality, abortions, early culling and costs of control. With the 
aim of estimating milk production losses caused by CA, 46 primiparous 
lactating Valle del Belice ewes were monitored after experimental infection. 
Sixty days after lambing, 2 ewes were each experimentally infected with  a 
single dose of 108 CFU/ml of a live Mycoplasma agalactiae strain in both 
teats by intracanalicular route. Three days after inoculation, the infection 
was spread naturally by manual milking of the infected sheep before the 
rest of the flock. The milk yield (morning and evening) was recorded daily 
for 12 weeks: 5 weeks before the experimental infections and 7 weeks post-
challenge. Daily milk data collected from each ewe before experimental 
infections were used to design individual lactation curves in order to estimate 
the impact of CA infection. Individual milk samples were also screened for 
the presence of M. agalactiae as well as other pathogenic causes of mastitis 
including Staphylococcus aureus.  No pathogens were detected in the milk 
of 10 (22%) of the 46 ewes kept with the experimentally infected sheep. 
The quality of the milk of 6 (13%) ewes also remained normal despite the 
isolation of M. agalactiae. There was a reduction of 17% in milk output of 
13 (28%) ewes from which M. agalactiae was isolated; 17 (37%) other ewes 
also had a similar drop in milk production but quickly recovered and, after 
2 - 3 weeks, the final losses were estimated to be 3%. In conclusion, the loss 
of milk following the infection by CA is variable and probably related to the 
degree of exposure and capacity of the individual ewe to resist the pathogen.
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Background-The clinical importance of infections with different Mycoplasma 
hyopneumoniae (M. hyopneumoniae) strains in pig herds is not known. 
The present study investigated whether the presence of different M. 
hyopneumoniae strains was associated with more severe lung lesions in 
slaughter pigs. Methods-Ten pig herds infected with and vaccinating the 
piglets against M. hyopneumoniae were selected. One batch of slaughter 
pigs from each herd was investigated. Lung lesions were scored (0-
100) from at least 65 pigs per herd (1190 lungs in total), presence of M. 
hyopneumoniae DNA in bronchoalveolar lavage fluid was tested using nPCR 
on 20 pigs per herd. Blood samples were taken from 20 pigs and tested for 
presence of M. hyopneumoniae antibodies using ELISA. All nPCR positive 
samples were tested using a Multiple-Locus Variable number tandem repeat 
Analysis (MLVA). Based on the MLVA results, herds were classified into 3 

categories, namely presence of 1, 2 to 6 or ≥ 7 strains in the herd. Kruskal-
Wallis test was used to assess the association between the MLVA results and 
the extent of pneumonia. Logistic regression analyses assessed associations 
between MLVA results and prevalence of pneumonia, fissures, pleurisy 
and percentage of seropositive pigs. Results-In herds with 1, 2 to 6 or ≥ 7 
different M. hyopneumoniae strains, pneumonia scores were 1.14, 2.85 and 
3.88 (P<0.05). The percentage pigs with pneumonia, fissures, pleurisy and 
positive ELISA results in herds with 1, 2 to 6 or ≥ 7 different strains were: 
pneumonia 16.9%, 20.2% and 27.3% (P<0.05), fissures 25.3%, 35.6% and 
32.4% (P>0.05), pleurisy 2.6%, 13.4% and 27.6% (P<0.001), and ELISA 
5%, 55% and 86% (P<0.001), respectively. Conclusion-In herds where more 
different M. hyopneumoniae strains were found, measured using MLVA, 
pneumonia lesions were more severe and there was a higher percentage of 
pigs with pneumonia, fissures and pleurisy.
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The contagious agalactia (CA) has reported in Brazil in 2002 and has since 
been constituted as a serious health problem for small ruminants, especially 
the Northeast that concentrates 90.7 % and 55.5 % of the goats and 
sheep, respectively. Microbiological and serological diagnosis of infection 
has been done but the production of vaccines with local samples was only 
recently developed. This study aimed to evaluate the immunogenic profile of 
three inactivated vaccines against AC samples prepared with Mycoplasma 
agalactiae containing different adjuvants. Forty sheep divided into four groups 
of ten animals each were used. The group 1 (G1) was immunized with a 
preparation with aluminum hydroxide as adjuvant vaccine, group 2 (G2) with a 
preparation with Montanide IMS 2215 VG vaccine, group 3 (G3) with a vaccine 
prepared with montanide gel 01 and group 4 (G4) was not immunized (control). 
Each animal received two doses of 2.0ml administered subcutaneously on 
days zero and 21 days and reinforcements on 180 and 360 days. Collection 
of sera were performed on zero, 21 and 35 days and every 30 days during 
12 months. For analysis of protein, Western blotting was prepared with 
proteins produced from M. agalactiae separated by SDS-PAGE and transferred 
to nitrocellulose membrane. The G1 pool of the ten sera showed temporary 
immunogenic proteins in the first 15-30 days after each vaccination while the 
G3 showed immunogenic proteins only 35 days after the primary vaccination. 
The G2 showed immunogenic proteins from 21 days staying for approximately 
90-120 days each booster. Proteins with 48, 55, 80 and 82 kD were the most 
striking, and the P48 remained present in all periods. It is concluded that the 
vaccines induced immune response and the vaccine prepared with montanide 
IMS 2215  VG gave more consistent and promising results, allowing control of 
AC from periodic vaccinations of animals.
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Contagious agalactia (CA) is an acute or chronic disease characterized by 
mastitis followed by agalactia, polyarthritis and keratoconjunctivitis caused 
by Mycoplasma agalactiae, M. capricolum subsp. capricolum, M. mycoides 
subsp. capri or M. putrefaciens. At the moment, only M. agalactiae has been 
associated with CA in small ruminants in Brazil. This study aimed to report the 
presence of antibodies against M. agalactiae in dairy goats from the Jacarei, 
São Paulo State, Southeastern Brazil. The herd had no history of clinical 
signs of contagious agalactia (CA) and the examination was requested for 
the purpose of marketing the animals to the Northeast of the country, where 
the disease has caused significant damage to the farmers. 55 goat sera of 
which 15 (27.27%) were positive in ELISA and of these 6 (40%) had high 
optical density values. The results indicate that infection by M. agalactiae 
is spreading to other regions of the country, although there were no clinical 
reports of disease outside the Northeast. The probable reasons for this may 
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be related to indiscriminate treatment of common mastitis with antibiotic 
therapy performed by the farmers, the chronic phase of infection and the 
small number of specialized laboratories in the diagnosis of mycoplasmosis 
animals. With these results, we can conclude that the infection is spreading 
to other regions of the country and sanitary measures, such as requiring 
tests for the movement of animals between states and vaccination should 
be adopted to prevent further damage.
                                                                                                                                                                                                    
55
Macrophages activity test: a practical “in vitro” 
approach for evaluation of immunostimulating 
efficacy of mycoplasma vaccine in sheep

G. Rossi 1, R. Puleio2, S. Scarpona 1, A. Piccinini 1,  
G. Macaluso 2, R. Nicholas 3

1 University of Camerino, Italy; 2 Istituto Zooprofilattico Sperimentale  
della Sicilia, Palermo, Italy; 3 Mycoplasma Laboratory,  

Animal Health Veterinary Laboratories Agency- Weybridge, 
Phone: 39916565307, Fax: 39916565278,  

Email: guidoruggero.loria@izssicilia.it

In endemic areas, control of contagious agalactia (CA) is mainly based on 
vaccination in spite of antibiotic treatments which are considered too expensive. 
Some vaccine formulations (saponin, betapropiolattone) seem to be more 
effective than others (OIE, 2012) but there is a lack of markers of effectiveness. 
Clinical trials through the use of alive animals, involving a significant number 
of heads, are rarely carried out because of difficulties to support economically 
these studies and also related to the very strict EU regulations (particularly for 
animal welfare). All these factors discourage scientists, keep the current vaccines 
against CA at the traditionally broth-inactivated approach and doesn’t stimulate 
new possibility for control strategies. The introduction of an alternative “in vitro” 
laboratory procedures which investigate small ruminant immune response, 
suitable for use as a marker of the efficacy of the host cell mediated immune 
response and of the protection conferred by the vaccine, may help to limit the 
use of laboratory animals. Little is known about the immunity acquired during 
CA infection or vaccination: the data on seroconversion utilizing ELISA against 
M.agalactiae (MA) (Buonavoglia et al., 2008; Castro-Alonso et al., 1996) don’t 
clarify the problem; recently, specific stimulation in vitro was detected during 
an experiment where authors demonstrated that the expansion of antigen-
specific IFN-γ positive lymphocytes in infected sheep was initially sustained by 
CD4+ T cells at day 15 after infection, followed by CD8/IFN-γ double positive 
cells (La Manna et al., 2011). Also this experiment showed a transient initial 
response, which weren’t linked to the whole period of disease clinical course. 
We propose a different method to evaluate the small ruminant response to MA 
vaccination, based on primary cultures of macrophages, both isolated from 
milk and differentiated from peripheral blood monocytes, collected from control 
(group I) and vaccinated (group II) ewes. After phorbol 12-myristate 13-acetate 
(PMA) stimulation, assessment of reactive oxygen species and phagocytosis 
was performed; then, for each group, it was highlighted macrophages nitric 
oxide (NO) level production and their ability to phagocytize MA, in co-culture with 
fluoresceinated MA suspension. At the same time, immunoblotting analysis for 
the detection of IgG subclasses was performed, in particular, in order to assess 
IgG2a immunoglobulin levels as type Th1 immune response marker. Nitric oxide 
production level, both in blood and in milk macrophages, had a boost in group II, 
whereas was low in group I. Compared to standard values obtained from healthy 
ewes, representing the cut-off for the test, the phagocytic activity in group II was 
much greater, both in monocytes isolated from blood and in macrophages from 
milk. Contrarily, in group I it was quite comparable to the standard average of 
healthy ewes, with no significant change. IgG2a detection went hand in hand 
with macrophages activity tests, resulting high in group II, and low/negative in 
group I. In conclusion, the results of this preliminary study showed a significantly 
enhancement of Th1 immune response in vaccinated ewes; moreover,  this 
is an useful and inexpensively method to demonstrate that for evaluation of 
some vaccine preparations, an apparent failure of the humoral response is not 
indicative of an anergic status of the host.
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Current reports of mycoplasmosis of harbor seals include respiratory and 
central nervous system infections.  Here we report primary otitis media 

of three rehabilitated harbor seals associated with a novel Mycoplasma 
species.  Animals entered rehabilitation as pre-weaned pups without overt 
clinical signs.  Otitis media apparently developed in captivity, and failed to 
respond to standard antimicrobial therapy.  Post-mortem findings included 
mucoperiosteal inflammation with caseous exudate and heterotropic 
ossification.  A single seal was unilaterally superinfected with Pseudomonas 
aeruginosa in the external canal, and another was bilaterally coinfected with 
Brevundimonas diminuta.  Characterization of the novel Mycoplasma isolate 
is ongoing.
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A recombinant chimeric protein containing three Mycoplasma 
hyopneumoniae antigens (C-terminal portion of P97, heat shock protein 
P42, and NrdF) fused to an adjuvant, the B subunit of heat-labile enterotoxin 
of Escherichia coli (LTB), was used to immunize pigs against enzootic 
pneumonia. The systemic and local immune responses, as well as the 
efficacy of the chimeric protein in inducing protection against experimental 
M. hyopneumoniae infection were evaluated. In total, 60 male piglets of 
4 weeks of age were randomly allocated to six different experimental 
groups of 10 animals each: recombinant chimeric protein by intramuscular 
(IM) (1) or intranasal (IN) (2) administration, commercial bacterin by IM 
administration (3), and the adjuvant LTB by IM (4, control group A) or IN 
(5, control group B) administration. All groups were immunized at 24 and 
38 days of age and challenged at 52 days of age. One group that was 
not challenged was used as the negative control (IN [n = 5] or IM [n = 5] 
administration of the LTB adjuvant). Compared with the negative control 
group, administration of the chimeric protein induced significant (P < 
0.05) IgG and IgA responses against all individual antigens present in 
the chimera, but it could not confer a significant protection against M. 
hyopneumoniae infection in pigs. This lack of effectiveness points toward 
the need for further studies to improve the efficacy of subunit-based 
vaccine approach.
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The genus Ureaplasma has seven recognized species which have been 
isolated from humans, cats, dogs, birds and cattle. Although isolations 
have been reported from swine, not any species has been identified in this 
host. To confirm previous reports of Ureaplasma spp. in the lungs of swine 
in Cuba, and to identify the species, respiratory samples collected from 
pneumonic and healthy Cuban pigs were studied. DNA from 106 samples, 
including lung and nasal swabs, bronchial mucus and tracheobronchiolar 
lavage was extracted and a fragment of the rRNA 16S was amplified by PCR 
for Ureaplasma genus detection. Positive samples were following tested 
using species-specific PCR assays for the identification of U. urealyticum, 
U. parvum and U. diversum. PCR results were confirmed by sequencing 
Ureaplasma spp positive samples and performing a phylogenetic analysis. 
The phylogenetic signal of the sequence dataset used in this study was 
researched by means of the likelihood mapping analysis of 10,000 random 
quartets generated using TreePuzzle. From the samples analyzed, the 6.6 
% was positive by PCR detecting Ureaplasma spp. and U. diversum was 
identified in all these samples. The rRNA 16S partial sequences obtained 
in the present study showed a high nucleotide similarity (99.8%). The 
likelihood mapping analysis indicated that the rRNA16S gene fragment 
used contains sufficient phylogenetic signal since the noise observed was 
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less than 20%.The Bayesian phylogeny obtained for the data set showed 
that Cuban Ureaplasma strains were grouped within U. diversum cluster with 
100% of posterior probability. This ureaplasma species cause urogenital and 
subclinical respiratory infections in cattle. To our knowledge, this is the first 
report of U. diversum in the lungs of swine, being remarkable that it was 
found in pneumonic lungs but not in those healthy. Our findings constitute 
one of the few examples of mycoplasma species crossing the host specie 
barrier.
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Mycoplasma gallisepticum (MG) is an important pathogen of poultry 
worldwide, causing chronic respiratory disease in chickens and turkeys. 
Infection causes substantial economic loss in the poultry industry through 
reduced egg production, hatchability, feed conversion efficiency and 
weight gain. The objective of this study was to evaluate whether respiratory 
disease could be induced reliably in turkey poults by administering a single 
dose (approximately 108 CCU/ml) of in-vitro cultured MG strains Ap3AS 
or 100809/31. Both strains were delivered by nebulisation and disease 
assessed at post mortem two weeks post challenge. Groups of ten MG-
free 35 day old turkey poults were exposed to an aerosol of culture of 
either Ap3AS (originally isolated from the air sac of a broiler chicken) or 
100809/31 (field isolate from a turkey flock suspected of being infected 
with virulent MG). Air sac lesions were observed in all 10 turkeys exposed 
to Ap3AS and 9 of 10 turkeys exposed to 100809/31. MG colonisation was 
detected in 100% of the birds challenged with Ap3AS and 70% of the birds 
challenged with 100809/31 using an mgc2 PCR assay. The severity of the 
disease was clearly greater in the Ap3AS challenged birds suggesting that 
it would be the best challenge strain for future vaccine efficacy studies in 
turkeys.
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Hemotropic mycoplasmas, hemoplasmas, are composed of species formerly 
classified as Eperythrozoon and Haemobartonella as well as of the newly 
identified hemotropic Mycoplasma species. Hemoplasmas have been found 
in various wild animals, but never previously in Japanese badgers (Meles 
meles anakuma) or raccoon dogs (Nyctereutes procyonoides viverrinus). We 
examined hemoplasma infections in one free-ranging animal from each of 
these species. They are included in the order Carnivora, but are a distinct 
family. Here we report on hemoplasma infection in these wild animals and 
on a novel hemoplasma in Japanese badgers by analyzing the 16S rRNA 
gene. We used real-time PCR assays to search for hemoplasma DNA in blood 
samples collected from a Japanese badger and a raccoon dog and found 
that both were positive for hemoplasma infection. Melting temperatures 
of the PCR products of the hemoplasma strains detected in the Japanese 
badger and the raccoon dog appeared as a single peak at around 82°C. 
Nearly the entire region of the 16S rRNA gene in both of the strains 
was successfully amplified by means of end-point PCR. The nucleotide 
sequences of the 16S rRNA gene were then determined and compared 
with those of authentic hemotropic Mycoplasma species. Hemoplasmas 
are divided into two phylogenetic clusters corresponding to the formerly 
Haemobartonella and Eperythrozoon genera. Phylogenetic analysis indicated 
that the hemoplasma strain detected in the raccoon dog was located in the 
Haemobartonella cluster and closely related to a canine hemoplasma, M. 
haemocanis, with a 99% similarity. In contrast, the 16S rRNA gene sequence 
from the Anaguma strain detected in the Japanese badger was more closely 
related to ‘Candidatus M. erythrocervae’, ‘Ca. M. haemotarandirangiferis’, M. 
wenyonii, ‘Ca. M. haemovis’ and M. ovis, but with only a 91%, 90%, 91%, 87% 
and 90% identity level, respectively, in the Eperythrozoon cluster, suggesting 
a novel hemoplasma species. 
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Mycoplasma infectious diseases is spectrum disease, which shows wide 
variety of whole body illness from acute to chronic state, furthermore, 
incurable-diseases. Molecular mechanisms of lipid-antigen recognition 
are important in the frontier of immunology. To prevent infectious 
diseases through vaccination, it is important to identify specific 
antigens. Therefore, structural analysis of lipid-antigens is critical for 
understanding the mechanisms of molecular interactions involved in 
the pathogenesis of immune abnormalities, and for devising strategies 
surrounding immune system regulation and drug discovery. We have 
done structural analyses and chemical synthesis of mycoplasma lipid 
antigens, and further, we have revealed the lipid-antigens are useful 
biomarkers for mycoplasma infectious diseases, and are superior in 
specificity and sensitivity to conventional methods. We established the 
new approaches based on lipid-antigens revealed strategies for diagnosis 
of microorganism infections and novel vaccine development. By the new 
measuring method, IgM, IgG, and IgA antibody value can be measured 
to each. Quantitive measurement is possible from the state which does 
not have an antibody absolutely. The present missions conquer an 
incurable disease, that is, make the impossible possible. Mycoplasma 
infection causes a variegated manifestations, which are difficult to 
distinguish with incurable diseases, such as a rheumatic disease and 
a nervous system disorder, etc.. We are proposing and promoting such 
medical treatment to diagnose certainly at an early stage, to treat by an 
effective antibacterial medicine treatment effective and to prevent it. 
Furthermore, in order to realize ideal new medicines, such as a vaccine 
and an new drugs.          
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Mycoplasma hyopneumoniae (M. hyopneumoniae) vaccine strain 168 is 
an intrapulmonically injected attenuated live vaccine that is available 
in the Chinese market. The aim of this study was to develop suitable 
adjuvants for this live vaccine to provide effective protection after 
intramuscular inoculation. Several adjuvant components were screened 
to assess their toxicity against the live vaccine, and various adjuvant 
formulations were then designed and prepared. Vaccines supplemented 
with these adjuvants were used to immunize mice intramuscularly 
to assess the capacity of the adjuvants to induce a specific immune 
response. The screened formulations were then evaluated in pigs. Six 
of the 8 adjuvant components did not affect the viability of the live 
vaccine, and 7 different adjuvant formulations were then designed. In 
mice, adjuvants A and D significantly enhanced serum IgG responses 
against M. hyopneumoniae, while lymphocyte proliferation was 
enhanced by adjuvants A, C and E. Adjuvants A, C, D and E were 
evaluated in pigs. Enhancement of specific lymphocyte proliferation 
responses was observed in the groups vaccinated with adjuvants A 
and C. Significant enhancement of serum IgG antibody production 
was observed before challenge in pigs vaccinated with adjuvants C 
and D, while after challenge, all of the animals that received vaccines 
containing adjuvants had higher antibody concentrations against M. 
hyopneumoniae than unvaccinated animals. Animals inoculated with a 
vaccine containing adjuvant A (median score 3.57) or C (median score 
5.28) had reduced lesion scores compared to unvaccinated animals 
(median score 14.81). These studies will help in the development of 
appropriate adjuvants for intramuscular administration of this live M. 
hyopneumoniae vaccine.
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Mycoplasma bovis is an important pathogen for cattle, associated with 
a variety of bovine diseases, such as pneumonia, arthritis, mastitis and 
otitis. It can be also responsible of  clinical or subclinical mastitis, that 
results in reduction of milk production and important economic losses. 
Cattle affected with M. bovis should be treated with antibiotic in order 
to minimize clinical symptoms and drop of production, but evidence 
is accumulating that strains of M. bovis are becoming resistant to 
several drugs. The aim of this study was to determine the antibacterial 
susceptibility of 47 Italian field strains of Mycoplasma bovis by MIC 
(Minimum Inhibitory Concentration) method, in order to provide 
additional informations for the best drug selection. The selected strains 
were isolated in Northern Italy during the 2011-2013, and minimal 
inhibitory concentrations of tylosin, tilmicosin, erythromycin, spiramycin, 
enrofloxacin, oxytetracycline, doxycycline, lincomycin and florfenicol 
have been calculated with the microbroth dilution test following the 
guidelines recommended by Hannan (2000) with slight modifications, 
using commercial Micronaut-S plates (Merlin Diagnostika®) with 
antibiotics on demand. Moreover the MIC50 and MIC 90 were calculated. 
Our results showed high  MIC values for the antimicrobial class of 
macrolides in all the tested strains, and for lincomycin in the majority 
of the strains. On the contrary, it was observed the maintenance of 
susceptibility for enrofloxacin, oxytetracyclin, doxycycline and florfenicol, 
with MIC values lower than the sensitivity breakpoint, even if a shift 
versus the threshold of resistance for these drugs was noticed. In 
conclusion, this study evidenced an increased resistance of Mycoplasma 
bovis to several antibiotics, and the acquisition of a common genetic 
mechanism for the class of macrolides could be postulated. 
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Mycoplasma hyopneumoniae (Mh) causes enzootic pneumonia (EP) in 
pigs and is an economically important disease that occurs world-
wide. Although commercial vaccines are widely used to help control 
infection, antimicrobials are also used. Sixty-nine Mh European isolates 
originating from Denmark, France and the UK, mainly from 2010 and 
2011, but some from as early as 1984 were confirmed as Mh by PCR/
DGGE. Minimum inhibition concentrations (MICs) for 13 antimicrobials 
were then obtained using a micro-broth dilution method in “Sensititre” 
plates. The MIC50 values obtained were generally low: oxytetracycline, 
danofloxacin, enrofloxacin and marbofloxacin were <0.12 µg/ml; 
lincomycin/spectinomycin, tylosin, lincomycin, clindamycin, florfenicol 
and tulathromycin were all either 0.25 µg/ml or 0.5 µg/ml; whereas 
spectinomycin (on its own), and chloramphenicol were at 2 µg/ml; and 
tilmicosin was 8 µg/ml. Most of the isolates had MICs of <0.12 µg/ml 
for the fluoroquinolones and oxytetracycline. However eight of the more 
recent isolates that were all from the UK, gave higher MIC values ranging 
from 0.5 to 8 µg/ml for the fluoroquinolones, with marbofloxacin having 
higher MIC levels than danofloxacin and enrofloxacin in five of the eight 
samples. Twenty five isolates had MICs for oxytetracycline from 0.25 to 
2 µg/ml, but these isolates originated from all three countries and 
from 1986 onwards. This data demonstrates that there is a risk of Mh 
developing antimicrobial resistance despite vaccines being widely used. 
Further analysis to compare DNA sequences from isolates with low and 
high MIC values will be conducted to determine possible breakpoints and 
mechanisms of resistance.
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Background: Mycoplasma (M.) hypopneumoniae is the etiological agent of 
enzootic pneumonia in swine, a highly prevalent infection in swine producing 
areas, its control is based on antibiotic treatments and vaccination. Methods: 
Twenty M. hyopneumoniae field strains were isolated from porcine lungs, with 
lesions of enzootic pneumonia, in Friis medium supplemented with horse 
and swine serums and without antibiotics. M. hyopneumoniae strains were 
identified by their morphologic and biochemical properties, and confirmed 
with PCR. The MICs of tylvalosin, a new macrolide molecule, as well as MICs of 
other macrolides, pleuromutilins, lincomycine, quinolones, aminoglycosides, 
tetracyclines, and chloramphenicol were determined against the 20 field 
strains and the type strain (J) by broth microdilution method. MBCs were also 
determined for tylvalosin, tilmicosin, lincomycine, tiamulin, and valnemulin. 
Results: The MIC50 and MIC90 of tylvalosin, tylosin, spiramycin, valnemulin, 
tiamulin, lincomycin, ciprofloxacin and the combination lincomycin: 
spectinomycin (1:2) were ≤ 0.25 and 0.5 μg/ml, respectively, whereas those 
for tilmicosin, enrofloxacin, chloramphenicol, gentamicin, spectinomycin and 
doxycycline were ≤ 1 and 2 μg/ml. Among 16-membered ring macrolides, 
resistance was only seen for tylosin and spiramycin. Norfloxacin was the less 
active fluoroquinolone with MIC50 and MIC90 in the 20 M. hyopneumoniae 
field strains of 0.5 and 4 μg/ml, respectively. Streptomycin was much less 
active than gentamicin and spectinomycin, although tetracyclines still 
showed less activity than aminoglycosides, with the lowest MIC values for 
doxycycline. Thus the highest MIC50 and MIC90 were found for erythromycin, 
nalidixic acid, streptomycin, and chlortetracycline with values ≥ 4 and 
≥ 16 μg/ml respectively, and they were coincident with MIC values ≥ 8 
μg/ml in the type strain (J). MBCs50 and MBCs90 were the following ones: 
0.008 μg/ml for valnemulin, 0.016 and 0.06 μg/ml for tylvalosin, 0.125 
and 0.25 μg/ml for tiamulin, 0.25 μg/ml for lincomycin, and 1 μg/ml for 
tilmicosin. Conclusions: Tylvalosin was the most active macrolide among 
those tested, and together with valnemulin were the antibiotics with lesser 
MIC50, MIC90 and MIC ranges, in addition they and tilmicosin showed the 
best bactericidal effect among the tested antibiotics.  Lincomycin was also 
among the most effective antimicrobials and it was followed by ciprofloxacin 
and enrofloxacin. Other assayed antimicrobials including some of the tested 
aminoglycosides and tetracyclines also showed good activity but lesser than 
those of sixteen-membered ring macrolides, pleuromutilins, lincomycine, 
and fluoroquinolones.
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Mycoplasma agalactiae is one of the etiological agents of contagious 
agalactia (CA) in small ruminants. CA is a worldwide spread syndrome 
characterized mainly by mastitis, arthritis and keratoconjunctivitis. It has 
a huge economical impact, especially in milk-producing breeding systems. 
In the present study, we assessed the evolution over the last 20 years of 
M. agalactiae antimicrobial susceptibility in an enzootic area of ovine CA 
in the French Western Pyrénées. Mammary isolates from 68 outbreaks 
were compared, of which 19 were isolated before 1991, 31 in 2008-2009, 
and 18 in 2012 from flocks that received several antibiotic treatments. Six 
antimicrobials from the main families currently used for CA treatment were 
tested: tylosin and tilmicosin (macrolides), spectinomycin (aminoglycosides), 
oxytetracycline (tetracyclines), enrofloxacin (fluoroquinolones) and florfenicol 
(amphenicols). Minimum inhibitory concentrations (MIC) were determined 
by a standardised agar dilution technique. No significant difference was 
observed between the old and the recent isolates for florfenicol, enrofloxacin, 
oxytetracycline and spectinomycin, with MIC50 values of 2-4, 0.25, 0.5 and 2 
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µg/mL, respectively. In contrast, for macrolides, MIC50 values increased from 
1 to 8 µg/mL for tylosin, and from 1 to 16 µg/mL for tilmicosin between 
old and recent isolates. Moreover, among recent isolates, MIC of tilmicosin 
were significantly higher for isolates from flocks with high antibiotic use. 
M. agalactiae strains circulating from 1977 till 2007 in the French Western 
Pyrénées had previously proved to be clonal and so were the more recent 
strains included in the present study. Altogether our results suggest that 1) 
active prophylactic program over 30 years with a limited use of antibiotics 
has resulted in an overall poor selection of resistant strains; 2) the observed 
resistance to macrolides is the result of antimicrobial pressure on a clonal 
population of strains and not the result of introduction of new strains.
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Macrolides are the primary antibiotics used for treating Mycoplasma 
pneumoniae infections in pediatric patients. However, macrolide resistance in 
this organism has been reported in Europe and has reached high prevalence 
in Asia. Very little data are available concerning the frequency with which 
macrolide-resistant M. pneumoniae (MRMP) occurs in the United States. The 
aim of this study was to test the ocurrence of MRMP in clinical samples 
collected from different geographical locations in the U.S. There were 67 M. 
pneumoniae-positive respiratory tract specimens detected by PCR included 
in the study. These samples were collected from Kansas City, MO; Seattle, 
WA; New York, NY; Birmingham, AL; and Chicago, IL during 2012 and 
2013. The majority (97%) of these were from pediatric patients. Macrolide-
resistance was tested using real-time PCR melting curve analysis seeking 
A2063/2064G and C2617G mutations in the 23S rRNA gene. Among these 
67 samples, 7 (10.4%) contained 23S rRNA single point mutations  A2063G 
or A2064G. MRMP were detected from samples collected at each of the 
above locations except for the 2 samples from New York. From 3 out of the 5 
sites, co-infection data was available based on Film array testing results.  Out 
of 61 samples, 21 (34.4%) had positive co-infections with Respiratory 
Syncytial Virus (2), Human Metapneumovirus (1), Parainfluenza viruses (4), 
Coronaviruses (2), and Rhinovirus/Enterovirus (12). MRMP can be found in 
specimens collected from various locations in the U.S. This resistance needs 
to be considered when treating patients with antibiotics. Co-infections with 
viral pathogens are also common.
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Introduction: Brazil is the country with the highest plant diversity in the 
world. The species Eugenia platysema (Myrtaceae) commonly known as 
“Guamirim”, is part of Eugenia genus. Previous studies reported antitumoral, 
anti-inflammatory, antioxidant and antimicrobial activity of species of the 
genus Eugenia. Objectives: The aim of this study was to evaluate the 
antibacterial activity of E. platysema crude extract and fractions.  Material 
and Methods: The leaves of Eugenia platysema  were collected in 
Blumenau (SC, Brazil). The air-dried material was powdered and extracted 
with 70 % ethanol by maceration yielding the crude ethanol extract. Ethanol 
crude extract was re-suspended to obtain the fractions (dichloromethane , 
ethyl acetate and butanol). Extracts and fractions were used in antibacterial 
assays against Mycoplasma  hominis, M. mycoides subsp. capri (MLC), and 
Ureaplasma urealyticum. The antibacterial activity was determined by the 
microbroth dilution assay in 96-well microplates. Extracts (100 µL) were 
tested in several concentrations by serial dilutions of a 10 % DMSO solution 
in midium. Log phase growth mollicute inocula (100 µL) in extracts dilutions 
were incubated at 37 oC for 72 hs. All tests were performed in triplicates. 

Controls included inoculum (mollicute in medium only), positive control 
(levofloxacin), and sterility (medium only). The MIC was taken as the highest 
dilution where no change of medium color was observed. Extracts with MIC 
values below 1 mg/mL were considered active, and below 0.1 mg/mL for 
extracts as very potent. Results and Discussion: Among all the samples 
tested, the ethil acetate fraction was the most active, with a MIC of 0.062 
mg/mL against U.urealyticum and 0.125 mg/mL against M. hominis and 
MLC. Conclusions: The results of these screening investigations confirm the 
antibacterial potential of E. platysema. The phytochemical characterization 
of the extracts are under way.
Kew words: Eugenia platysema, Antibacterial activity, mollicutes.
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BACKGROUND: Natural products are an important source of biologically 
active compounds, many of which are models for the synthesis of a large 
number of drugs. METHODS: In this study, the essential oil from leaves of 
Drimys angustifolia Miers collected in Blumenau, SC Brazil, was obtained 
by hydrodistillation in Clevenger apparatus and analyzed by GC-FID 
and GC-MS. The constituents of the essential oil were quantified using 
tridecane as internal standard and the relative response factor (ERRF) was 
estimated. RESULTS: The major constituents were cyclocolorenone (24.3%), 
bicyclogermacrene (10.5 %), myristicin (7.1%), limonene (6.6%) and safrole 
(3.7%). The phenylpropanoid myristicin and safrole were isolated from 
the essential oil by column chromatography and subjected to structural 
modifications in the side chain in order to establish the correlation between 
molecular structure and biological activity. The essential oil, the isolated 
constituents and their semisynthetic derivatives were tested against 
Mycoplasma hominis (ATCC 23114) and Mycoplasma mycoides subsp. 
capri (Mmc) (NCTC 10137). The most active compound was isomyristicin 
which presented a minimum inhibitory concentration (MIC) of 128.1 μg/mL 
against Mmc. CONCLUSION: According to the biological assays the presence 
of methoxyl associated isomerization of the olefinic double bond seems to 
be important to the antibacterial activity of the compound, since isosafrole, 
with a MIC of 293.7 μg/mL, was less active than isomyristicin against Mmc.
Keywords : Drimys angustifolia Miers, essential oil, phenylpropanoids, 
antimicrobial activity, Mollicutes, mycoplasma.
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Backgrounds: Nongonococcal urethritis (NGU) is the most common male 
reproductive tract syndrome. Ureaplasmas spp. including U.urealyticum 
(Uu) and U.parvum(Up), commonly isolated from the genital tract, have 
been increasingly reported to be implicated in various urinary diseases. 
However, there are still many contradictions about the relationship between 
Ureaplasmas spp. and NGU. Main limitations of previous studies include 
lack of species differentiation among Ureaplasmas spp. and small sample 
sizes in each study. The goal of this study was to evaluate the association of 
Ureaplasmas spp. with NGU by a systematic meta-analysis.
Methods: The literature on Ureaplasmas spp. and NGU was retrieved from 
the PubMed database, Cochrane Library and Chinese National Knowledge 
Infrastructure database. The strength of the association of Uu and Up 
with NGU was assessed by the pooled ORs with 95% CIs. The statistical 
significance of the pooled OR was determined by Z test.
Results: Ten studies involving 1,744 patients and 1,541 controls were 
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retrieved by database search. By meta-analysis, there was no significant 
difference in the infection rate of Ureaplasmas spp. between NGU patients 
and the control group (OR=1.30; 95%CI, 0.93-1.80). However, when the rate 
of Uu and Up infections was separately analyzed, the Uu infection rate was 
significantly higher than the Up infection rate in NGU patients (Z=6.34, 
P<0.00001), whereas the Up infection rate was significantly higher than 
the Uu infection rate in the control group (Z=5.52, P<0.00001). Compared 
to other countries, there was a higher infection rate of Ureaplasmas spp. in 
China in both the NGU and the control groups.
Conclusions: Our analysis suggests that Uu but not Up is an etiological 
agent in NGU. Differential detection of Uu and Up is important for 
epidemiological investigation, clinical diagnoses and treatment of NGU 
patients, especially in high-endemic regions.
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A causative agent of atypical pneumonia, Mycoplasma pneumoniae (Mpn), 
has been identified for months after acute infection, even following treatment 
with antibiotics. Due to the ability of the organism to chronically infect hosts, 
we hypothesized that low-level carriage of the organism is more common 
than previously estimated based on current detection rates. Utilizing a 
tissue-based analysis, we evaluated varying pulmonary pathologies for the 
presence of Mpn by a previously reported 16S rRNA reverse transcriptase-
quantitative PCR (RT-qPCR) methodology. The analytical sensitivity and 
specificity of the assay were optimized using Mpn M129 strain gDNA and 
cDNA and a panel of respiratory pathogenic and commensal bacteria. 
The detection limit was 1.0x10-7 CFU/µl in PCR mixture and was not 
affected by human genomic background. De-identified human lung tissue 
fragments were obtained from the UAB Tissue Procurement Program and 
UAB Pulmonary Biospecimen Repository with diverse diagnoses including 
cancer, fibrotic diseases, COPD, and normal lung transplant donors. Total 
RNA was isolated from homogenized tissue and cDNA was prepared. Mpn 
16S rRNA was used for detection of Mpn and then a 23S rRNA RT-qPCR 
assay was performed to detect any Mpn macrolide resistance. Analysis 
of parenchymal lung fragments from lung cancer patients revealed 2/24 
positives (8.3%), neither of which were detected by routine genomic PCR. 
Analysis of 85 lung transplant fragments yielded 1/24 positive samples 
from patients with idiopathic pulmonary fibrosis (4%) and 1/10 (10%) 
positive samples from healthy donors, with no Mpn detected in samples 
from cystic fibrosis and chronic obstructive pulmonary disease. Both of the 
positive samples from lung cancer patients were confirmed with 23S rRNA 
PCR, showing no macrolide resistance at commonly mutated nucleotides. 
In summary, the detection of Mpn in human lung tissue using RT-qPCR 
for rRNA transcripts supports the hypothesis that the organism is present 
chronically in a percentage of the population. Further work is ongoing to 
determine the tissue-specific microbiota in selected patients.
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Mycoplasmas cause disease in chickens reducing production and 
increasing carcass condemnation causing economic losses. Mycoplasma 
gallisepticum (MG) and Mycoplasma synoviae (MS) are the most 
pathogenic species, being that their prevalence is important for monitoring 
strategies and flock certification, according to the Brazilian National 
Program for Avian Health.  From May to December, 2013, 172 tracheal 
swabs samples were collected and immersed in 1.5ml of Frey medium, 
from 09 commercial poultry farms, being 124 chickens from 06 egg 
producers and 48 from 03 broiler farms. From each sample, 0.5 mL was 
used for isolation in Frey media, followed by incubation at 37°C under 
microaerophylia. The remainder samples were used for PCR with DNA 
extraction by phenol-chloroform method with specific primers for MS (f: 
GAGAAGCAAAATAGTGATATCA/r: CAGTCGTCTCCGAAGTTAACAA) and MG 
(f: CGTGGATATCTTTAGTTCCAGCTGC/r: GTAGCAAGTTATAATTTCCAGGCAT), 

which amplify fragments of 207 bp and 481 bp, respectively. The reaction 
contained: 11.5 mL ultrapure water, 2.5 mL of 10 X PCR buffer, 2 mL 
MgCl2 (2.5 mM/mL), 1 mL of dNTP mix (0.25 mM each), 2 mL (2 pmol/
mL) of each primer, 4 mL of the extracted DNA and 2 mL of Taq polymerase 
(2.5 U/mL), yielding a final volume of 25 mL  For each reaction was used 
a negative and a positive control. PCR was performed under the following 
conditions: 94 °C for 5 min, 40 cycles of 94 °C for 1 min, 50 °C (MS) or 55 
°C (MG) for 1 min and 72 °C for 2 min, followed extension at 72 °C for 10 
min. All broilers were negative by isolation and from 124 layers hens, only 
one was positive for M. gallinarum. By PCR, 03 farms were MS positive (15 
hens), one was MS (04 hens) and MG positive (01 hen), being two negative. 
The prevalence of MS was 15.32 % (19/124) in layers hens and 11.04 % 
(19/172) in all bird tested.
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Trichomonas vaginalis can be naturally infected with intracellular Mycoplasma 
hominis. This bacterial infection may have implications for trichomonal 
virulence and disease pathogenesis. The objective of the study was to report 
the presence of M. hominis in Cuban T. vaginalis isolates and to describe 
the association between the phenotype M. hominis infected with RAPD 
genetic polymorphism of T. vaginalis. The Random Amplified Polymorphic 
DNA (RAPD) technique was used to determine genetic differences among 40 
isolates of T. vaginalis using a panel of 30 random primers and these genetic 
data were correlated with the infection of isolates with M. hominis. The 
trees drawn based on RAPD data showed no relations with metronidazole 
susceptibility and significantly association with the presence of M. hominis 
(P = 0.043), which demonstrates the existence of concordance between the 
genetic relatedness and the presence of M. hominis in T. vaginalis isolates. 
This result could point to a predisposition of T. vaginalis for the bacterial 
enters and/or survival.
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Isolation of Mycoplasma genitalium from clinical specimens remains 
difficult and few strains are available for antibiotic susceptibility testing. We 
describe the determination of the antibiotic susceptibility of M. genitalium 
strains grown in Vero cell culture with dilutions of first- and second- line 
antibiotic drugs using a modified cell-culture-based method. Growth of M. 
genitalium was monitored by a quantitative PCR targeting the mgpB adhesin 
gene. Growth inhibition in the presence of antibiotics was expressed as a 
percentage of the DNA load of controls grown in the absence of antibiotics 
and the minimal inhibitory concentration (MIC) was defined as 99% growth 
inhibition. Five strains were examined, including 2 new strains isolated 
from endocervical and urethral swab specimens from Cuban patients 
and 3 references strains isolated from specimens collected from Danish 
and Australian men. They included one macrolide-resistant and one 
ciprofloxacin-resistant, but moxifloxacin susceptible strain. Azithromycin was 
the most active drug against Cuban M. genitalium strains with MICs values 
of 0.004 and 0.008 mg/liter, respectively. Levofloxacin were considerably 
less active, with MICs of 2 and 4 mg/liter. MICs for tetracycline were 0.25 
and 4 mg/liter. Although the number of Cuban strains was low, the results 
suggest that doxycycline and levofloxacin treatment may have a low efficacy 
in Cuban M. genitalium infected patients. First-line antimicrobial therapy 
with azithromycin in Cuban patients probably remains the most effective 
therapy against M. genitalium infections. To our knowledge, this is the first 
report of antibiotic susceptibility testing of M. genitalium strains from the 
Latin-American region.
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Stable co-cultivation of Mycoplasma hominis and 
Trichomonas vaginalis does not depend on  
the P50/Vaa architecture
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Trichomonas vaginalis, the causative agent of the most common non-viral 
sexually transmitted disease, can provoke several clinical symptoms and 
infection during pregnancy can seriously affect the foetus. However, 
50% of all infections with T. vaginalis (particularly in men) progress 
sub-clinically. Whether this is due to differences between strains or 
mainly dependent on the immune-status of the respective patients 
has not been completely elucidated yet. Mycoplasma hominis, also a 
potential pathogen of the urogenital tract, can survive and replicate 
within T. vaginalis and is assumed to enhance its pathogenicity and drug 
resistance. According to different studies between 20 and 90% of clinical 
isolates of T. vaginalis are infected with M. hominis. The overall goal 
of this project is to elucidate the impacts of this interaction on several 
patho-physiological features of both pathogens, as well as the benefit(s) 
for the respective microorganism. In a first step, conditions for creation 
of a stable co-culture of T. vaginalis with M. hominis were elucidated 
and the requirements for perpetuation characterized. On the one hand 
this was performed by characterising naturally infected T. vaginalis and 
their symbionts in terms of the properties mentioned below. On the other 
hand, in vitro co-cultivation of five different M. hominis-free isolates of T. 
vaginalis (varying in their determined growth kinetics and susceptibility 
to metronidazole) with nine different isolates of M. hominis (isolated 
from vaginal mucosa of healthy and symptomatic individuals, differing 
in the architecture of the main P50/Vaa adhesin and further adhesive 
membrane proteins) was investigated. Co-cultivation was performed 
under various culture conditions up to 15 days and the survival of both 
microorganisms as well as the intracellular presence of M. hominis was 
proven. The co-cultivation experiments showed significant isolate-to-
isolate differences in the ability of establishing a stable co-culture, which 
could not be related to the kind of P50 architecture. 
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Antimicrobial Susceptibility of Cuban 
Ureaplasma parvum strains isolated from  
patients with urogenital infections

Nadia María Rodríguez Preval*1, Brian Arturo Mondeja Rodríguez1, 
Carmen Fernández Molina1, Rafael Llanes Caballero1, Cécile Bébéar2

1 Tropical Medicine Institute Pedro Kourí;  
2 University of Bordeaux, France 

Phone: +537 255 3535, Fax: +537 2020427,  
Email: nadia@ipk.sld.cu

Ureaplasmas are commensals in the urogenital tract and are 
recognized causes of disease and suspected contributors to a number 
of other pathological conditions. Tetracyclines, macrolides and related 
antibiotics, and fluoroquinolones constitute the main classes of 
antimicrobials active against these bacteria. The aim of this study was to 
establish baseline data of the antimicrobial susceptibility in urogenital 
ureaplasmal strains isolated from symptomatic female patients from 
July to December 2013. The Minimal Inhibitory Concentrations (MICs) of 
erythromycin, levofloxacin and tetracycline for 19 Ureaplasma parvum 
strains was determined by a broth microdilution assay, according to 
the CLSI guidelines published in 2011. PCR assays were used for the 
molecular identification of U. parvum and U. urealyticum and for the 
detection of the tet(M) resistance gene in the clinical isolates. All the 
Ureaplasma strains were identified as U. parvum. Ten strains were 
sensitive to erythromycin, with MICs ranging from 0.5 to 8 µg/mL, and 
9 strains showed resistance with MICS of 16 to 32µg/mL. Resistance 
to levofloxacin was obtained in 11 strains (MICs, 4-16 µg/mL), while 
8 strains were sensitive (MICs, 1-2µg/mL). All strains except one were 
resistant to tetracycline with MICs of 4 to 16µg/mL; the sole tetracycline-
susceptible strain had a MIC of tetracycline at 2µg/mL. All tetracycline-
resistant strains harbored the tet(M)gene. In conclusion, we described 
for the first time in Cuba the antimicrobial susceptibility profile of 19 
Ureaplasma parvum clinical strains and the presence of the tet(M) 
determinant in Cuban tetracycline-resistant isolates.
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Analysis of coinfection between ureaplasmas and 
human papilloma in women with or without lesions 
related to the cervical cancer
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Cervical cancer is the third most frequent cancer in women. The Human 
Papilloma Virus (HPV) and cervical cancer are strongly associated. 
However, the viral infection alone is not enough for the development 
of the disease. Coinfection of microorganisms with cervical lesions 
are among the additional components for the development of this 
cancer. Herein we studied the presence of Ureaplasma urealyticum 
and Ureaplasma parvum with oncogenic types of HPV. Cervical swab 
samples from 70 women previously diagnosed with cervical lesions 
were compared with 70 women without cervical lesions (control group). 
The obtained samples were analyzed for conventional PCR and qPCR for 
the detection and quantification of U. urealyticum, U. parvum and HPV. 
Chlamydia trachomatis, Neisseria gonorrhoeae, Gardnerella vaginalis 
and Trichomonas vaginalis were also analyzed using conventional PCR. 
Mollicutes were detected in 65 (92.8%) women with cervical lesions and 
in 54 (77.1%) women without lesions. U. urealyticum was detected in 
10 (14.3%) individuals with lesions and 12 (17.1%) in the control group. 
Ureaplasma parvum were detected in 35 (50%) women with lesions and 
32 (45.7%) in the control group. For U. parvum serotypes 1, 3 and 6/14, 
were detected respectively in one (1.4%), 12 (17.1%) and two (2.8%) 
individuals with lesions and four (5.7%), 13 (18.6%) and 11 (15.7%) 
detections for the control group. For N. gonorrhoeae and T. vaginalis, 
34 (48.6%) and 51 (72.8%) detections were respectively obtained in 
women with lesions, but 17 (24.3%) and one (1.4%) detections in the 
control group. The studied coinfection will help to understand better the 
development of cervical cancer. 
Financial support: FAPESP/FAPESB
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Molicutes are distinctive microorganisms associated with genitourinary 
infections. Mycoplasma sp. and Ureaplasma sp are the most clinically 
important genera mainly to their continuous isolation in patients with 
urethritis, cervicitis and other associated diseases. Therefore, the aim 
of this study was to detect M. hominis, M. genitalium, U. urealyticum 
and U. parvum in female urogenital tract and relate these findings with 
the expression of TNF-alpha levels. The studied women were attended 
in STD clinics at Vitória da Conquista/Bahia. Blood and genital 
samples were obtained to detect mollicutes by PCR and real time PCR 
methodologies and the cytokine TNF-alpha level by ELISA. Mollicutes 
were detected in 76.2%. The detected species were M. hominis, 
M. genitalium, U. urealyticum and U. parvum and their respective 
frequencies were 15.9%, 1.7%, 7% by the use of conventional 
PCR. In qPCR methodology, M. hominis were detected in 31.8 %, M 
.genitalium in 28.1%, U. urealyticum in 16.6% and U. parvum in 60.6%. 
The obtained data did not allow correlate a statistically significant 
difference between the expression of cytokines with presence of 
studied mollicutes. The qPCR methodology was more sensitive than 
conventional PCR and the behavior and aging of the studied individuals 
was associated with an urogenital infection.
Financial Support: FAPESP
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Status of mycoplasma contamination in culture cell 
lines: A survey of major institutions in Japan

A. Kohara1, A. Ohtani1, M. Ozawa1, N. Hirayama1, E. Kawaguchi1,  
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Mycoplasma contamination of cultured cell lines is becoming a serious 
problem than before, which is a problem that cannot be solved yet. Therefore, 
as a cell bank of Japan, we investigated the current situation of mycoplasma 
contamination found in cultured cell lines from major universities and research 
institutes in Japan, by using a detection kit, MycoAlert® (Lonza Co. Ltd.). The 
principle of this method is based on bioluminescence; the method is simple 
and very fast. Study was to determine the presence or absence of mycoplasma 
in 2700 cultured specimens. Then, we have identified the infection 
mycoplasma species for about 300 samples. Mycoplasma contamination 
rate was about 26%. Detection rate of mycoplasma in university’s laboratories 
was the highest. In addition, Mycoplasma arginini and Mycoplasma hyorhinis 
(natural host: cattle and pigs) were detected most frequently as infection 
mycoplasma species. Since the high contamination rate of mycoplasma has 
been revealed in cultured cells is the same as before, it is an important issue 
to be addressed in the future. Since mycoplasma contamination rate due 
to mycoplasmas from natural host of pigs and cattle is high, we considered 
contamination is remaining from the old times. And the contamination 
might expand horizontally in a laboratory. In the future, it is desirable to use 
contamination-free cultured cell lines by the development of rapid test and 
dissemination of knowledge of the mycoplasmas.
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Enzyme Linked Aptamer Assay (ELAA), based on 
a competition format for rapid and sensitive detection 
of antibodies to Mycoplasma bovis in serum

P. Fu1, ZH. Sun1, ZQ. Yu1, YW. Zhang1, JJ. Shen1, HY. Zhang1, W. Xu1,  
F. Jiang1, HL. Chen2, WX. Wu1
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2 Beijing General Station of Animal Husbandry and Veterinary Service 

Phone: 86-10-62733048, Fax: , Email: wuwenxue@cau.edu.cn

Mycoplasma bovis (M. bovis) is a major, but often overlooked, pathogen 
that causes respiratory disease, mastitis, and arthritis in cattle. It has 
been widespread in China since 2008. In this study, single-stranded DNA 
(ssDNA) aptamers with high affinity and specificity against the P48 protein of 
M. bovis were selected using micro plates as the matrix. Of nine candidates, 
aptamer WKB-14 showed the best affinity in an indirect enzyme-linked 
aptamer assay (ELAA), and good specificity by dot blotting. To the best of our 
knowledge, this is the first time that an aptamer has been used in a competitive 
ELAA for the serological detection of M. bovis. The percent inhibition (PI) cut-off 
value of the indirect competitive ELAA (ic-ELAA) was 40%, assessed using 20 
negative sera. In a comparative study of different detection methods, ic-ELAA 
with dc-ELISA and dot blotting had a higher positive detection rate than the 
other two commercial indirect ELISA kits.
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Identification of novel immunogenic proteins from 
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ELISA based on recombinant E1 beta subunit of the 
pyruvate dehydrogenase complex
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The pathogen Mycoplasma bovis is a major cause of respiratory disease, 
mastitis, and arthritis in cattle. Screening the key immunogenic proteins and 
updating rapid diagnostic techniques are necessary to the prevention and 
control of M. bovis infection. In this study, 19 highly immunogenic proteins from 
M. bovis strain PD were identified using 2-dimensional gel electrophoresis, 
immunoblotting and MALDI-TOF/TOF MS. Of these 19 proteins, pyruvate 
dehydrogenase E1 component beta subunit (PDHB) showed excellent immune 
reactivity and repeatability. PDHB was found to be conserved in different M. 
bovis isolates, as indicated by Western blot analysis. On the basis of these 
results, a rPDHB-based indirect ELISA (iELISA) was established for the 

detection of serum antibodies using prokaryotically expressed recombinant 
PDHB protein as the coating antigen. The specificity analysis result showed 
that rPDHB-based iELISA did not react with other pathogens assessed in 
our study except M. agalactiae (which infects sheep and goats). Moreover, 
358 serum samples from several disease-affected cattle feedlots were 
tested using this iELISA system and a commercial kit, which gave positive 
rates of 50.8% and 39.9%, respectively. The estimated Kappa agreement 
coefficient between the two methods was 0.783. Notably, 39 positive serum 
samples that had been missed by the commercial kit were all found to be 
positive by Western blot analysis. The detection rate of rPDHB-based iELISA 
was significantly higher than that of the commercial kit at a serum dilution 
ratio of 1:5120 to 1:10,240 (P < 0.05). Taken together, these results provide 
important information regarding the novel immunogenic proteins of M. bovis. 
The established rPDHB-based iELISA may be suitable for use as a new method 
of antibody detection in M. bovis.
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obstetric risks

A. Bertha Alvarez 1, R. Sarduy1, Y. Garriga Rodriguez2, I.Tamargo Martinez2,  
F. Ronci3, B. Mondeja-Rodriguez4, C. Piermattei.Jr3,  

N. Maria Rodríguez Preval 4, R. Llanes Caballero 5, C. Fernández Molina 4
1 Maternal Hospital “Eusebio Hernández”. Havana, Cuba; 

 2 Ministry of Public Health of Cuba. Havana, Cuba; 
 3 CPM. Scientifica Tecnologie Biomediche. Italy;  

4 Tropical Medicine Institute “Pedro Kourí”. Havana. Cuba;  
5 Tropical Medicine Institute “Pedro Kourí”. Havana. Cuba. 

Phone: , Fax: , Email: carmen@ipk.sld.cu

Pregnant women are susceptible to infections by different microorganisms, 
including mycoplasmas and ureaplasmas. The aim of this study was to assets 
the microbiological diagnosis of mycoplasmas and ureaplasmas in pregnant 
women with and without obstetric risk. A total of 479 endocervical samples 
from pregnant women distributed in four study groups were investigated. 
Group I, 157 women without risk, Group II, 73 women with low weight, Group 
III, 64 women with diabetes and hypertension and Group IV, 185 women 
with high risk of pre-term births. All clinical samples were analyzed by the 
MYCO Well D-ONE of CPM Scientifica. Such system is useful for diagnosis of 
Ureaplasma urealyticum (Uu) and Mycoplasma hominis (Mh) infection and 
the study of the antimicrobial susceptibility. Urogenital mycoplasmas were 
detected in 80.4% (385/479) of the samples. The following percentages of Uu 
infection (59,2%, 54,8%, 71,9% and 80,5%), were detected in pregnant women 
belonging to the groups I, II, III, and IV, respectively. In the case of Mh infection, 
lower percentages of infection (5,7%, 4,1%, 9,4% and 21,1%) were found in 
the groups I, II, III, and IV, respectively. Statistical differences were obtained 
in women infected with mycoplasma sand ureaplasma infections belonging 
to the groups III and IV, respect to those of the groups I and II (X2=24,517; 
p‹0.05). The range of resistance observed in samples infected with Uu were the 
following: clarithromycin (11-24%), tetracycline (10-22%), ofloxacin (6-18%), 
azithromycin (0- 4%) and minocycline (0%-1%). In Mh infection the range 
were: erithromycin (100%), clarithromycin (100%), azithromycin (73-84%), 
tetracycline (30-66%), ofloxacin (20-43%) and perfloxacin (0-16%), but not for 
minoclycline (0%). These results highlights the importance of microbiological 
diagnosis of Uu and Mh infection in pregnant women which guide antibacterial 
therapy appropriately.
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broiler breeder farms of Morocco using serological 
assays and real time PCR
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Mycoplasma synoviae (MS) is an economically important pathogenic agent of 
chickens, causing air sacculitis and synovitis. The diagnosis and monitoring 
of M. synoviae infection is usually made using serological assays, while 
confirmative diagnosis is made by isolation and identification of the organism, 
because of the cross reaction between M. gallisepticum and M. synoviae. Our 
study was conducted from 2011 to 2013 during which 11 broiler breeder 
flocks were sampled. These farms were located in all regions of morocco. 
The sampling was conducted as follows: Farms were visited on day one old 
chicks ‘’day of importation from Europe’’. 20 to 60 ‘’chicks’’ were randomly 
sampled. At the age of 8, 16, 32 and 56 weeks, 60 blood samples and 60 
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tracheal swabs were collected at each sampling. The serological screening 
was performed using Rapid Slide Agglutination (RSA) according the OIE 
protocol and Indirect ELISA (IDEXX) according the manufacturer’s instructions. 
The molecular diagnosis was performed using a commercial kit of a duplex 
real time PCR (LifeBiotechnology). The results reveled that One day old chicks 
were negative to MS by RSA and PCR, however they have a variable stock of 
maternal antibodies (Ig Y) detected by iELISA. The seroprevalence found by 
RSA is variable and increase with the age (8th Week: 55%, 16th week: 91%, 32th 
and 56th week: 100%), the same profile was traced by PCR (8th Week: 36%, 
16th week: 64%, 32th week: 82%, 56th week: 100%), however, all farms were 
positive by iELISA, from the first day to 56 th weeks. These results show that 
MS infections are very frequent and very widespread among in poultry breeder 
flocks, and showed a perfect agreement between serological tests and Real 
time PCR starting from 32th week of age. 
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Experience with ts-11 and also MSH in laboratories (using media made in 
house or purchased) around the world suggests that these strains are unique 
requiring quality control of media to make sure that these strains can grow 
optimally in media rather than the media being quality controlled on other 
strains.  The best way to do this is to have reference preparations of ts-11 
and MSH to control media. The easiest way to do this is to get a large number 
of vaccine vials of the same serial stored at -70C.  If a media cannot get the 
reference preparation to the expected titre then titration of these vaccines 
strains with that media is invalid.  This effect of media can vary from batch to 
batch and has been as large as a 6 log10 depression of growth.   There is some 
suggestion that this effect is labile (due to heat and/or time since preparation) 
and perhaps from the yeast extract. This media quality problem has caused 
some problems.  Government laboratories testing potency can get media 
from our manufacturing facility to titrate vaccine or develop their own media.  
Re-isolation studies have been severely biased by media quality making 
conclusions about strain displacement unreliable.  Conversely it is probably 
not a problem in antibiotic sensitivity testing and perhaps the vaccines strains 
can be adapted to other media formulations but whether this would also 
change the properties under investigation is not known. Technically, the gold 
standard for titration is CFU- this allows an error estimate to be made from 
the replicates.  CCU calculations have been traditionally used in mycoplasma 
quantification of vaccines but they have an intrinsic problem with variable 
experimental error because these are technically easier and less susceptible 
to contamination during the later period of incubation. Automation of titration 
with dilution being done on plates is incompatible with an assumption in 
calculation of MPN (Poisson distribution) – that the samples are taken 
independent of each other.  The dilution series needs to be done off the plate.  
At least with MPN there are usually 8 to 12 replicates per dilution.  Some 
people have also used Spearman Karber calculations but with no replicates.  
Only one possible significand for titre is possible if it is done without replicates. 
In CCU determinations how do we read titration end points with only a partial 
colour change occurs?  Especially in laboratory temperature sensitivity tests. 
(These need to be done in incubators with temperature control in the non-
permissive incubator being ±0.1C). Also descriptions of media preparations 
often are not clear that glucose should not be autoclaved with phosphates. 
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Until the year 2012, the control and eradication of M. synoviae in our country 
was voluntary and has been limited to grandparent stock. The growing clinical 
and economic relevance of M. synoviae has prompted the Dutch poultry 
industry to start a nationwide control and eradication programme for this 
mycoplasma species. A study performed in 2005-2006 describing for the first 
time the M. synoviae seroprevalence in different categories of commercial 
poultry in the Netherlands, showed a high M. synoviae seroprevalence, 

especially in rearing layers and layers where it was 69% and 73%, respectively. 
In other categories of poultry it was significantly lower. The awareness of the 
importance of M. synoviae was further increased due to disease outbreaks 
with arthropathogenic M. synoviae strains and strains inducing EAA. In 2013, 
the Dutch Commodity Board for Poultry and Eggs implemented a compulsory 
M. synoviae monitoring programme (Besluit onderzoek Mycoplasma 
gallisepticum, M. synoviae en M. meleagridis 2012) aiming at identifying M. 
synoviae infected flocks in order to control and eradicate M. synoviae. In 2013, 
seromonitoring was done using the M. synoviae-RPA test and ELISA test. The 
sampling frequency and sample sizes for the seromonitoring of M. synoviae 
are equal to those used for the control and eradication of M. gallisepticum. 
However, in 2014 flocks vaccinated against M. synoviae will be monitored 
using a PCR test able to differentiate M. synoviae vaccine from field strains. 
Control measures consist of the voluntary slaughter of M. synoviae infected 
grandparent stock, partial channelling to maintain separation of infected 
flocks and eggs from those with infection, and improvement of biosecurity. 
The results of the M. synoviae seromonitoring data obtained in the third 
quarter of 2013 indicate that the percentage of M. synoviae infected farms 
has significantly decreased in meat grandparent stock (2005 = 10% and 2013 
= 0% with a 95% C.I. ≈ calculated prevalence), in breeder layer stock (2005 = 
25% with a 95% C.I. of 19 to 31 and 2013 = 15% with a 95% C.I. ≈ calculated 
prevalence), turkey stock (2005 = 16% with a 95% C.I. of 10 to 22 and 2013 
= 3% with a 95% C.I. of 0 to 6) and rearing layer stock (2009 = 69% with a 
95% C.I. of 67 to 70 and 2013 = 16% with a 95% C.I. of 13 to 19). However, 
in broiler breeders and layers the percentage of M. synoviae infected farms 
did not decrease significantly (breeders in 2005 = 35% with a 95% C.I. of 35 
to 44 and in 2013 = 53% with a 95% C.I. ≈ calculated prevalence; layers in 
2005 = 73% with a 95% C.I. of 67 to 80 and in 2013 = 74% with a 95% C.I. 
of 70 to 79). This was explained by the lack of partial channelling as a control 
measure for M. synoviae. The declining seroprevalence of M. synoviae in meat 
grandparent, breeder layer, meat turkeys and rearing layers indicates that 
control and eradication of M. synoviae is feasible with the measures taken.
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At the present time Ureaplasma parvum (Up), U. urealyticum (Uu) and 
Mycoplasma hominis (Mh) are important pathogens to keep in mind in the 
services of Obstetrics and Gynecology. We carried out a descriptive and 
prospective study in order to investigate the presence of such organisms 
in 2763 endocervical samples of infertile patients. All clinical samples 
were analyzed by the MYCO Well D-ONE of CPM Scientifica and a Multiplex- 
PCR method. The 68% of clinical samples were positive to urogenital 
mycoplasmas, of them 54% were positive to Up, 36,3% to Uu and 9,7% 
to Mh. Positive ureaplasma samples showed antimicrobial resistance to 
clarithromycin (16.8%) tetracycline (14.7%), ofloxacin (11.2%), perfloxacin 
(0,9%) and minocycline (0,7%). Micoplasma positive samples were resistant to 
azithromycin (68,1%), tetracycline (19,2%), minoclycline (4,2%) and doxycyline 
(2,1%). Our results showed a high frequency of infection by U. parvum and U. 
urealyticum in infertile women. Furthermore it is being necessary to carry out 
studies of the ureaplasma serovar.
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Detection of Ureaplasma parvum and Ureaplasma 
urealyticum in HIV-1 infected women.  
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The detection of U. parvum and U. urealyticum in endocervical specimens 
from HIV-1 infected women, and its relationship with other cervicovaginal 
infections and 3 age groups was investigated in patients. As a negative 
control, a group of HIV-1 negative women were studied. The 28.3% of the 
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HIV-1 positive women were infected with ureaplasmas, and U. parvum was 
more frequently detected than U. urealyticum (17.4% versus 10.9%). The 
12.7% of the HIV-1 negative women were positive to Ureaplasma spp., and 
also U. parvum was predominant in relation with U. urealyticum (9,1% versus 
3,6%). Ureaplasma spp. was related with the presence of Bacterial Vaginosis 
only in the HIV-1 positive women. In both groups of patients Ureaplasma spp. 
was related with the presence of Candida spp., but not with other sexually 
transmitted infections (C. trachomatis, T. vaginalis, and M. hominis). The 
relation of Ureaplasma spp. infection with age groups was similar in HIV-1 
positive women (38%, 34.7%, 30.8%). In HIV-1 negative women Ureaplasma 
spp. predominated in younger women (15-25 years) (26.9% versus 13.3% 
and 5.4%). Our results showed a high frequency of Ureaplasma infection in 
HIV-1 positive women, and its association with BV. 
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In late summer of 2013, a flock of 54 hair sheep of Santa Inês breed, raised 
under extensive husbandry in a farm at Cachoeiras de Macacu – Rio de 
Janeiro – Brazil, presented clinical signs of conjunctivitis with or without 
keratitis, such as conjunctival and episcleral congestion, corneal opacity, 
neovascularization and epiphora. Epidemiological data: 70% (38/54) of 
the flock were affected, being 37% (14/38) of the cases in young animals 
and 63% (24/38) in adults. Relapses occurred in 47% (18/38) of the cases. 
Considering the whole herd, 60% (24/40) of the adults and 100% (14/14) 
of the young animals showed clinical signs. To microbiological diagnostic 
tests, swabs of oropharinx and conjunctiva from 14 (6 symptomatic and 
8 asymptomatic) sheep were collected. 13 swabs samples were placed in 
modified Frey’s liquid medium and transported under refrigeration to the 
Mycoplasmology Laboratory. Samples were diluted in liquid medium up to 
10-5 and each dilution seeded to plates and tubes with Mycoplasma medium. 
Typical “fried-egg” colonies visualized under microscopy, were stored in 
refrigerator. Colonies were submitted to Dienes’ staining and digitonin test 
for sterol requirement, and subjected to Indirect Immunoperoxidase (IIP) test 
to anti-M. arginini, anti-M.capricolum, M. agalactiae and anti-M. arthritidis. 
The arginina hydrolysis isolate, was Dienes’ positive by yielding a dark blue 
color in the colony center, and sterol dependent against digitonin discs. Under 
IIP, one sample (1/13) was cirmed as M. arginini. Furthermore, the other 
conjuctival swabs samples yielded presence of pure culture of Moraxella 
spp. in blood agar medium, confirmed by Gram stain and biochemical tests. 
The outbreak was resolved with daily treatment of all flock for five days with 
tylosin (15mg.kg-1). This episode emphasizes the need for epidemiologic 
surveillance to understand the multi-etiological profile of the ovine infectious 
keratoconjunctivitis due to its impact on sheep production.
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Asymptomatic carriers are thought to be one main source of caprine 
contagious agalactia (CA) transmission in endemic areas. Therefore, their 
detection appears to be important, but has a high cost for farmers because 
of the body sites to be sampled. The occurrence of the 4 mycoplasmas 
species (M. agalactiae, M. mycoides subsp. capri, M. capricolum subsp. 
capricolum and M. putrefaciens) associated with CA was tested in 154 goat 
bucks of chronically infected herds from six regions of Spain using PCR. 
Data show that 16.8 % of ear swabs (n=308) were positive for at least one 
species, for only 1.3 % of conjunctival swabs (n=308) and none of the nasal 

swabs (n=54). This suggested that ear swabs alone are suitable for detection 
of carrier animals. Because in the Iberian Peninsula, CA in caprine is mainly 
caused by M. agalactiae, we started to investigate whether a single M. 
agalactiae strain circulates within one herd. This was performed using multi 
locus sequence typing (MLST) based on fusA, gyrB, rpoB and lepA genes 
and samples collected from different animals of a same herd  (conjunctival 
swabs, ear swabs and mastitis milk). A single sequence type was found for 
all samples tested, indicating that only one clone is circulating in this herd. 
This further suggested that the strain found in the external auricular canal 
from asymptomatic carriers might be responsible for production losses by 
mastitis in this herd. Further studies are being conducted to confirm this 
hypothesis.
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Identification of Mycoplasma species with conventional techniques can be 
very laborious, demanding use of biochemical and serological tests. Ramirez 
et al. (2008) found that the 16S–23S rDNA intergenic spacer regions (ISR) of 
avian mycoplasmas could be used to differentiate species, since it had high 
homology intra-species, but at the same time a low homology inter-species, 
with a maximum (90.5%) and minimum (7.9%) percent of homology. 
New techniques for DNA sequencing allows its use in routine tests, 
making 16S–23S rDNA ISR a good alternative for species identification 
of mycoplasmas recovered from field samples. In this study, nine isolates, 
seven tracheal swab and two ovary swab samples, were collected from 
six commercial layer flocks of Brazilian farms. The ovary isolates and two 
tracheal samples were originated from the same flock. The isolates were 
cultured in Frey broth and 1mL was used for DNA extraction by phenol-
chloroform method. 16S–23S rDNA ISR of isolates were amplified by PCR as 
described by Ramirez et al. (2008). The sequences obtained were compared 
to those available on GenBank® using Nucleotide BLAST®. It was identified M. 
gallisepticum from two flocks, M. gallinaceum from other two flocks and M. 
synoviae from one flock. M. pullorum was identified in the ovary and tracheal 
isolates originated from the same flock. Identities of 99% to 100% were 
found. It highlights 16S-23S rDNA ISR sequencing as a good alternative for 
identification of Mycoplasma species isolated from field samples, giving fast 
and reliable results, at relatively low costs.
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Background: Mycoplasma hyopneumoniae (Mh) is the main etiological agent 
of porcine enzootic pneumonia (EP). Infection with Mh results in increased 
amounts of mucins that likely contribute to the pathophysiology of the 
pneumonia. The two principal sources of mucin in the respiratory tract are 
goblet cells and submucosal glands. The aims of this study were to evaluate 
and quantify the goblet cells (GC) in bronchial and bronchiolar epithelium 
in naturally and experimentally Mh-infected pigs. Methods: Fourteen lungs 
with no lesions (NL), eighteen naturally (NI) and ten experimentally infected 
(EI) [1 to 5 weeks post infection (wpi)] with Mh were studied. Tissues were 
routinely processed with Hematoxilin-Eosin and the Modified Russel-Movat 
Pentachrome stain. Three areas of 86.000 µm2 were determined in each 
bronchus and of 3.300 µm2 in each bronchiole. The presence and number of 
GC were determined in each area. For NL group a total of 90 measurements 
were examined, for NI group 132, and for EI group 30 (1 wpi), 15 (2 wpi), 27 
(3 wpi), 63 (4 wpi) and 54 (5 wpi). For the data analysis unpaired t test with 
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Welch’s correction was used. Results: In the NL group the bronchi presented 
a mean of 12.50 ± 0.8229 GC/area. No goblet cells were observed in 
bronchiole. The NI group showed a mean of 17.89 ± 0.9495 GC/area, being 
significantly greater than NL. The EI group showed a significant increase 
in the number of GC/area, in relation with NL, except for 2 wpi and 5 wpi 
samples. The bronchiolar epithelium showed GC metaplasia in both NI 
and EI group. Conclusions: The increment in GC/area in bronchi during the 
different weeks of exposure (1, 3 and 4 wpi) indicates a GC hyperplasia of 
the epithelium. This hyperplasia could be one of the reasons that explain 
the increased amount of mucin observed in experimentally Mh infected 
pigs. The results for 2 wpi could be due to the small number of samples. 
The decrease in the 5 wpi could be explained by a progressive return to pre-
infection levels as part of the tissue reparation.
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Background: Mycoplasma hyopneumoniae (Mh) is the primary agent 
of Porcine Enzootic Pneumonia. The main histological lesion is the 
hyperplasia of the bronchus-associated lymphoid tissue (BALT). Livingston 
et al., (1972), classified these lesions into four stages (I-IV) according to 
their severity. The aim of this study was to determinate the severity of 
the histological lesions, quantify and locate them within the bronchial 
tree (bronchi, bronchioles and terminal bronchioles) in lungs of naturally 
Mh-infected pigs. Methods: Twenty-nine pigs with lung lesions consistent 
with Mh infection were inspected at slaughter. Pneumonia patterns and 
the percentage of affected lung parenchyma were determined. Lung 
tissue samples were routinely processed for histological studies. The 
BALT of each bronchus and bronchiole was evaluated and classified. 
Immunohistochemical (IHC) study against Mh was also performed. Results: 
Thirty per cent of the animals showed cranioventral bronchopneumonia 
with 12.9% of lung parenchyma affected with pneumonic lesions. The 
histological lesions were represented by 21, 64, 4 and 11%, stage I-IV, 
respectively. The distribution within the bronchial tree was: affected 
bronchi 19.2, 47.9, 25.5 and 7.4%, affected bronchioles 17, 55.6, 12 and 
15.4%, and affected terminal bronchioles 28.3, 54.7, 11.3 and 5.7%. Mh 
was detected by IHC in the 65.5% of the animals. Conclusions: Changes 
in the localization of Mh within the bronchial tree during the course of 
infection and its interaction with epithelial cells to induce BALT hyperplasia 
have been reported. In this study we have determined the distribution of 
Mh-induced lesions within the different parts of the bronchial tree.
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Several avian Mycoplasma spp. have been detected in avian species. 
Many of them are host specific and some are pathogenic. Beginning in 
2011-2012 through the present, the Department of Animal Medicne at 
the University of Massachusetts Medical School (UMMS) has observed 
individuals in a zebra finch (Taeniopygia guttata) breeding colony (450-500 
birds) with clinical signs of conjunctivitis and no respiratory component. The 
animals have presented with conjunctival swelling, epiphora, closed eyes 
and closed eyes with pruritis, crusting and adhesions. Twelve birds were 
initially sampled via eye and choanal swabs for presumptive Mycoplasma 
gallisepticum (MG).  The swabs were negative for MG by PCR, however, 
a mycoplasma culture was obtained from the choanal swab of one bird. 
The Mycoplasma isolate could not be identified by immunfluroescense 
(FA) as the colonies were negative for several common avian Mycoplasma 
spp.  PCR and sequencing of 16S ribosomal RNA resulted in a 99% match 
to both M. columborale and M. citelli. FA testing with M.columborale-
specific conjugate was negative. Isolates of a similar Mycoplasma have 
been recovered from two more birds exhibiting clinical signs. The isolates 
are highly fastidious and grow slowly in modified Frey’s medium with 

swine serum. Biochemical analysis, serological testing and sequencing 
of other genome targets were attempted to characterize the unknown 
Mycoplasma and differentiate it from M.columborale. This is the first report 
of Mycoplasma-associated conjunctivitis in captive zebra finches.
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The etiology of asthma is complex, involving interactions between 
genetic susceptibility, allergen exposure, and environmental factors, such 
as respiratory tract infections, air pollution, and smoking. The role of 
Mycoplasma pneumoniae infection as a trigger for asthma exacerbations 
is well documented. The aim of this study was to investigate the role of 
M. pneumoniae as a cause of exacerbation of asthma in asthmatic Indian 
pediatric population aged 5-15 years using serology and polymerase chain 
reaction (PCR). Children were divided into two groups.  Cases (group1) 
included 100 children between 5-15 years of known asthmatics with acute 
exacerbation, whereas 60 controls (group 2) included children without acute 
exacerbation of asthma controlled on inhaled corticosteroids. The children 
were investigated for Immunoglobulin M (IgM) and immunoglobulin G (IgG) 
antibodies to M. pneumoniae by the enzyme linked immunosorbent assay 
(ELISA) in acute and convalescent sera obtained 2-4 weeks later. PCR  was 
performed to amplify a 543 base pair fragment in the P1 adhesion gene 
applied on nasopharyngeal aspirates. Clinical, serological and PCR findings 
were correlated to establish association of M. pneumoniae with infection in 
acute exacerbation. Serological evidence of M. pneumoniae infection was 
observed in 46 (46%) children  in group 1  and in 8 (13.3%) children in 
group 2 which was statistically significant (p=0.0003). PCR was positive 
in 6 (6%) children in group1 only which were also serologically positive 
and negative in group 2. M. pneumoniae was diagnosed in 46 (46%) cases 
by serology and/or PCR. None of the clinical parameters were found to 
be significantly associated with M. pneumoniae infection. In conclusion, 
our study confirms that infections with M. pneumoniae are associated with 
exacerbations of asthma  in Indian  children and also shows  the need for 
diagnosing  M. pneumoniae infection in such cases. 
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Mycoplasma spp. are bacteria of high relevance as a poultry pathogens, 
implying economic losses. In the wild birds, the species Mycoplasma 
gallisepticum (MG) cause several chronic respiratory diseases in hens, 
airsacculitis  and sinusitis in turkeys, and Mycoplasma synoviae (MS) 
agent related to chronic arthritis appearing in hens and turkeys. The 
aim of this study was research Mycoplasma spp. by isolation and PCR 
in psittacines of Zoo in Recife city, Brazil. A total of 85 psittacines were 
restrained, examined physically and submitted to conjunctival, palate 
and cloaca’s mucosas friction by using sterilized swabs for cytological 
samples obtainment. Thereafter, the samples acquired were stored in 
sterile polypropylene tubes with 1 mL of PBS (7.2 pH). For DNA extraction 
a commercially available kit was used, according to the manufacturer´s 
instructions. The PCR assay was performed according standard protocols 
described in the literature, with generic primers. The PCR positive samples 
were submitted to bacterial isolation and specific PCR for MG and MS. In 
the PCR for Mycoplasma spp., 14 (16.47%) of psittacines showed positive 
samples. From these samples, 41.18% (7/17) were from conjunctiva, 
35.29% (6/17) from palate and 23.52% (4/17) from cloaca. Neither MG 
nor MS PCR essays were positive. The results confirmed Mycoplasma 
spp. DNA presence in conjunctiva, palate and cloaca from the selected 
psittacines. The clinical meaning of Mycoplasma spp. presence on these 
birds is still unknown, once it was not possible to identify the Mycoplasma 
spp. involved. It is important to point out that this is the first Mycoplasma 
spp. presence report in the following species: Ara chloropterus, Ara 
glaucogularis, Ara macao and Pionites leucogaster.
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Mycoplasma pneumoniae ( M.pneumoniae ) is known to be associated with 
wheezing and exacerbation of asthma. It is shown that release of type 2 
cytokines including interleukin-4 and interleukin-5 is increased in patients 
with asthma. The aim of this study was to evaluate the role of M. pneumoniae 
and interleukin-5 in wheezing among children more than five years of 
age.The study included a total of 75 cases of acute episode of wheezing 
admitted in paediatric wards aged between 5-12 years. Nasopharyngeal 
aspirates were collected for detection of M.pneumoniae by polymerase 
chain reaction (PCR) and blood samples were obtained  for performing ELISA 
for IgG and IgM antibodies to M.pneumoniae and ELISA for interleukin-5. 
Serological evidence of M.pneumoniae infection was observed in 33(44%).  
M.pneumoniae DNA was detected by PCR in nasopharyngeal aspirates of 
7(9.3%) samples; 5(71.1%) with serologically proven and 2(28.9 %) with 
serologically unproven M.pneumoniae infection. In total M.pneumoniae was 
diagnosed in 35(46.7%) by serology/PCR. The serum level of interleukin -5 
was higher in patients with M.pneumoniae infection (3.0-29pg/ml with a 
median of 4.75pg/ml) than in patients without M. pneumoniae infection (2.5-
13.0pg/ml with a median of 4.5 pg/ml) which was not statistically significant 
(p=0.85).In conclusion, our data underline the role of M.pneumoniae   and 
IL-5 in  children with wheezing. Further studies with larger sample sizes are 
needed to confirm our results.
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Contagious bovine pleuropneumonia (CBPP), a severe respiratory disease of 
cattle caused by Mycoplasma mycoides subsp. mycoides (Mmm) is prevalent 
in most countries of sub-Saharan Africa. A proper humoral immune 
response is likely to confer protection against this extracellular pathogen. 
The aim of this study was to characterize the kinetics of the humoral 
immune response, using bead based assays, against 65 predicted surface 
antigens for more than 7 months in cattle after experimental infection. We 
monitored clinical and hematological parameters, and analyzed the humoral 
immune response and compared the antibody responses between different 
pathomorphological outcomes. Interestingly, two animals that developed 
mycoplasma-containing sequestra had significantly higher antibody levels 
against proteins comprising the predicted surface proteome compared 
to the animals that cleared Mycoplasma from their lungs. This raises the 
question whether high antibody titers play a role in the establishment of 
pathomorphological changes during CBPP. 
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Mycoplasma gallisepticum (MG) infection is one of the major constraints 
in rapidly growing poultry industry of Pakistan and is causing significant 

economic losses in the infected flocks. This study was undertaken to produce 
oil based vaccine from local isolate of Pakistan. Formaldehyde inactivated 
Montanide ISA70 based MG indigenous vaccine (IN-VAC) was prepared 
from local field isolate and evaluated in broilers. An amount of immunogen 
of whole antigen (107/0.3ml) was kept constant. Broilers were randomly 
divided into three groups (A, B and C) at the age of 14 days, each having 
twenty birds and inoculated with 0.3 ml of sterile Frey’s broth (negative 
control), indigenous vaccine (IN-VAC) and imported (IM-VAC; VaxFact-
USA) subcutaneously at mid neck region, respectively. The birds of group 
A (Control group) showed 28.78± 2.53, 21.50± 2.23,14.55± 1.17, 7.18± 
0.64, 4.67± 0.37 mean anti-MG ELISA titer on 0, 15, 30, 45 and 60 days 
of age, respectively. However, the birds of group B showed 29.38± 2.82, 
153.26±8.00, 332.67± 9.05, 475.78± 27.69, 500.03± 25.38 serum mean 
anti-MG ELISA titer on 0, 15, 30, 45 and 60 days of age, respectively whereas 
the birds of group C showed 28.57±2.25, 106.77± 7.11, 286.13± 10.04, 
353.45± 10.13, 489.89± 18.76 serum mean anti-MG ELISA titer on 0, 15, 
30, 45 and 60 days of age respectively. It is concluded that the results of oil 
based MG vaccine (IN-VAC) is comparable with the imported one and more 
economic.
Key words: Mycoplasma gallisepticum, CRD, Immunogen, Montanide ISA70, 
MG Bacterin.
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The agro-industry is important for the economy of Brazil. The infectious 
disease in cattle interfere the fertility and birth of animals increasing costs 
and losses. Ureaplasma diversum is a microbe included as a causative agent 
for bovine urogenital disorders. During such infections, there is activation 
of the innate immune response of phagocytic cells and production of 
cytokines. This host response to infection may activate inflammasome that 
triggers the maturation of pro-inflammatory cytokines. Macrophages help 
the host protecting against invaders. The aim of this study is to evaluate 
the macrophages response after inoculation of viable and non viable alive 
Ureaplasma diversum isolates and ATCC 49782 strain. Macrophages J774 
were previously cultured and infected with Ureaplasma diversum. After 24 
hours the supernatants of such infection was collected for measurement of 
cytokines and the macrophages for RNA extraction for and expression of Toll 
Like receptors (TLR) genes and inflammasome pathway genes. The ELISA 
methodology showed a high levels of IL- 1β , TNF- α, IL -6 (pro-inflammatory) 
and a low levels of IL -10 (regulatory). There were no significant differences 
in cytokine profiles with viable and non-viable microorganisms. This suggests 
that the surface components of U. diversum trigger the inflammatory 
response of studied macrophages. The TLR2 was more expressed than 
other TLR. In the same way, important genes for the inflammatory cascade 
such as IL6 gene, interferon regulatory genes, Nod-like receptors family 
gene and prostaglandin endoperoxide genes are overexpressed compared 
to uninfected macrophages. The inflammatory activation could be related 
to bacterial PAMPS. Mollicutes possess a large number of lipoproteins, 
termed lipid-associated membrane proteins (LAMPs). However, Ureaplasma 
diversum lipoproteins has not yet been characterized. 
Financial support: FAPESP.
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Phytoplasmas have been reported to infect cassava in several countries 
worldwide and to be associated with different symptoms. In America 
these include frog skin disease, associated with X-disease phytoplasmas 
in Colombia and Brazil, and witches’ broom disease, associated with aster 
yellows and X-disease phytoplasmas, respectively in Cuba and in Brazil. 
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Cassava plants with frog skin symptoms were detected for the first time 
in Costa Rica and Paraguay, and sampling was carried out in 2012 to 
verify phytoplasma presence and identity. Nucleic acid was extracted from 
symptomatic roots, leaf petiols and midribs of 202 samples, corresponding 
to 37 plants from Costa Rica and 10 plants from Paraguay. Direct and nested 
PCR assays targeting the 16S rDNA gene were carried out with phytoplasma 
general and group specific primer pairs. In particular by using 16SrI and –III 
group specific primers in nested-PCR assays, 16SrI and –III phytoplasmas 
were identified. Moreover 57 samples were processed with nested-PCR 
assays using general primer pairs and phytoplasmas belonging to 16Sr 
groups -I, -X and -XII were identified in the 64%, 14% and 22% of samples 
from Costa Rica. Phytoplasmas belonging to groups 16SrI and –XII were 
identified in the 75% and 25% of samples from Paraguay. Moreover, in silico 
and real RFLP analyses showed the presence of profiles differentiable from 
each others, and from those reported for the majority of the reference strains. 
SNPs analysis confirmed the presence of further polymorphism among and 
between Costa Rica and Paraguay phytoplasma strains  belonging to 16SrI, 
-X and –XII groups. Further amplifications were carried out on tuf gene that 
exclude false negative (Bacillus spp), sometimes obtained by 16S rDNA 
amplification. RFLP analyses on tuf amplicons confirmed the presence of 
phytoplasmas related to the different ribosomal groups identified on 16S 
rDNA.
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Phytoplasma axenic cultivation was recently achieved using as a source 
micropropagated phytoplasma infected periwinkle shoots, from the 
collection established more than twenty years ago. Following these results, 
further work was carried out to verify the possibility of achieving axenic 
phytoplasma cultivation from field collected phytoplasma-infected samples. 
Shoots showing typical symptoms of phytoplasma infection, together with 
asymptomatic ones of the same species, were employed. After phytoplasma 
identification by PCR/RFLP analyses, midribs stripped from fresh leaves 
were selected for phytoplasma cultivation. From each sample two midribs 
were surface sterilized for 1 min in 1% NaClO; ends were then discarded 
and two half midribs per sample were used for tube inoculation following 
reported procedures. Uninoculated tubes and tubes inoculated with midribs 
from healthy shoots were also processed under the same conditions. 
Colonies were obtained only from tubes inoculated with symptomatic plant 
material and purified by filtering three times through 0.8 µm filters. Several 
purified colonies were separately collected from three plates per strain, 
and subjected to nucleic acid extraction by DNeasy Plant Minikit (Qiagen, 
Germany). At the same time nucleic acid was also extracted from the 
corresponding tubes containing pure cultures by a phenol/chloroform based 
method. Phytoplasma identification was carried out by specific PCR assays 
on 16S rDNA gene with general and group specific phytoplasma primers. 
Identification of detected phytoplasmas was done using RFLP analyses with 
appropriate restriction enzymes (in accord with phytoplasma isolated), and 
allowed the confirmation of phytoplasma nucleic acid presence. The profiles 
obtained by restriction of amplicons from liquid cultures and from purified 
colonies were identical to the ones of the original strains. The results of this 
study clearly confirm that phytoplasmas can grow independently from the 
plant host(s) and can also be isolated from field infected plants, with little 
modification to the procedure employed for phytoplasma isolation from 
strains maintained in micropropagated periwinkle collection.
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Although only one hemoplasma species, Mycoplasma haemomuris Mayer 
1921 formerly Bartonella muris or Haemobartonella muris, is currently 
established as a causative organism of infectious anemia or splenomegaly 
in mice, two subspecies, B. muris subsp. ratti and B. muris subsp. musculi, 
have been historically recognized in rats and mice, respectively. Nucleotide 

sequence of the 16S rRNA gene of M. haemomuris has been determined on 
the Shizuoka strain isolated from a small field mouse, which was the only 
strain maintained in vivo at that time. Subsequently, nucleotide sequence 
of the 16S-23S rRNA intergenic transcribed spacer (ITS) region of the same 
strain was determined. However, genetic variation in the 16S rRNA gene or ITS 
region remains unexplored, due to lack of other murine hemoplasma strains. 
In addition, the Shizuoka strain used as a reference for M. haemomuris has 
been already lost. Therefore, we examined hemoplasma strains detected in 
wild rats and mice using PCR for the 16S rRNA gene and ITS region. Here 
we report the presence of two distinct genetic clusters among the murine 
hemoplasma by examining the nucleotide sequences of the ITS region. Our 
results may reveal host-tropism of each cluster of M. haemomuris strains, 
and suggest an idea to distinguish them into two subspecies.
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Background: The records of mollicutes in cephalopods are scarce. 
Mycoplasma isolations have been done from European flying squid 
(Todarodes sagittatus). No previous mycoplasma isolation has been 
reported from octopus, but they have been detected by molecular biology 
technic in Octopus mimus. Methods: In the present study seven common 
octopus, Octopus vulgaris (Cephalopoda: Octopodidae) from aquaculture in 
the Canary Islands, were sacrificed for studying the presence of mollicutes. 
Samples from mouth/esophagus, gills, stomach, digestive gland, testicles, 
funnel, eyes and intestine were collected. Thirty six samples were inoculated 
in SP4-II broth medium supplemented with 1.5% NaCl, and incubated at 
18ºC for 24 h. After incubation, cultures were filtered through 0.45 µm 
pore size sterile membranes into the same medium and incubated with 
the same conditions but anaerobically. DNA was extracted one month and 
a half later. For sequencing, 16S-23S Intergenic Spacer Region (ISR) and 
16S rDNA polymerase chain reactions (PCR) were performed. Results: Seven 
samples were positive for mollicutes real time PCR. Cultures were achieved 
in three of those samples, however one of the cultures were contaminated 
with Vibrio sp. and the mycoplasma cloning was not possible. Typical “fried 
egg” colonies were obtained in agar medium. ISR and 16S rDNA sequences 
similarities between these two mycoplasmas were complete (100%). 16S 
rDNA sequence differs significantly from all described mollicute species, 
being the closest a mycoplasma isolated from squid (99%), while the ISR 
sequences similarity is reduced to 72.1%. Both cephalopod mycoplasmas 
are included in the phylogenetical group of hominis group. Conclusions: A 
possible new putative Mycoplasma species is presented.
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Mycoplasma gallisepticum (MG) is an important poultry pathogen with 
a worldwide distribution that causes chronic respiratory disease (CRD) 
and sinusitis of chickens and turkeys. This study aimed to compare the 
pathogenicity of two strains of Mycoplasma gallisepticum, (MG strain 
Ap3AS and MG strain 100809/31) in turkeys after aerosol challenge. Thirty 
commercial turkeys were allocated to 3 groups (n=10) and exposed to an 
aerosol of one of the two strains or culture medium alone. The severity 
of disease was scored macroscopically by assessing air sac lesions and 
microscopically by measuring the thickness of the tracheal mucosa and 
scoring the tracheal lesions. The serological response was measured by 
rapid serum agglutination (RSA). MG was reisolated by PCR from all birds 
in the groups challenged with MG, whilst no MG was detected in birds 
challenged with sterile culture medium (control group). The control group 
remained serologically negative for MG throughout the experiment, while 
all the birds in both infected groups were positive in the RSA test. The two 
challenged groups had significantly higher gross air sac lesion scores (P ‹ 
0.001), increased mean tracheal mucosal thickness (P ‹ 0.05) and higher 
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tracheal lesion scores than the control group. Aerosol challenge of turkeys 
with MG Ap3AS or 100809/31 was able to induce measurable disease, 
but there were no significant differences between the two strains in their 
capacity to cause airsacculitis or tracheitis.
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Mycoplasma synoviae (MS) causes synovitis, apparent/subclinical 
respiratory infections in chickens and may result in major economic losses 
in the poultry industry. Femoral head necrosis-FHN (Bacterial Chondrosis 
and Osteomyelitis-BCO) is one of the major leg problems in chickens. 
Several etiological factors have been associated with FHN in chickens 
including idiopathic, genetic predisposition, stress, management factors, 
and infectious pathogens. Although several pathogens have been described 
in association with FHN in chickens, MS has so far not been reported. In 
previous experiments, increased incidence of FHN was observed in MS 
infected chickens and so the objectives of this experiment was to (a) induce 
FHN with MS (b) study the pathophysiology of MS in the femoral heads of 
chickens. Forty-five day-old-broiler chickens were separated into two groups 
(Group A - 20 chickens, Group B - 25 chickens) and raised in two different 
colony houses on deep litter and provided ad libitum access to feed and 
water. At 2 weeks of age (WOA), the chickens were screened to ensure that 
they were free of any mycoplasma infections. At 3 WOA, Group B chickens 
were challenged with MS and infectious bronchitis virus (IBV) via eyedrop 
and intratracheal routes. At 6 WOA, Group B chickens were boosted with 
MS by the intravenous route and footpad injection. Ten days later, the 
chickens were bled and necropsied. Femoral head samples were collected 
for histological examination. Group B chickens were serologically positive 
for MS and had a greater proportion of chickens with FHN. On histological 
examination, hemorrhagic blood streaks were observed on the growth 
plate with few chondrocytes arranged irregularly in the proliferating and 
prehypertrophic zone of the infected femoral heads. MS was isolated from 
the femoral heads of 9/25 infected chickens. This is the first experimental 
report of MS associated FHN in chickens.
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Mycoplasma synoviae has been described as the etiological agent of 
airsacculitis, infectious synovitis and eggshell apex abnormalities and 
may cause significant economic losses in commercial poultry production. 
Mycoplasma control programmes are based on the detection of infection 
and elimination of M. synoviae positive flocks. Such an approach is only 
sustainable in case of a low M. synoviae prevalence e.g. basic breeders 
and grandparent stock. Vaccination may represent a good alternative in 
areas with high M. synoviae prevalence. It can contribute to the reduction of 
clinical signs, vertical transmission and thus economic impact of M. synoviae 
infections. However, the lack of diagnostic tests to differentiate between live 
M. synoviae vaccine strains and M. synoviae field strain may jeopardize the 
control and eradication programmes of M. synoviae which are usually based 
on serology. This study describes the development of and validation of a PCR 
test to differentiate between Mycoplasma synoviae vaccine strain MS-1 and 
M. synoviae field isolates. For this study two DNA polymorphisms, using two 
different PCR tests, were validated for their ability to distinguish between the 
vaccine strain MS-1 and over 100 M. synoviae field strains. These PCR tests 
were developed based on the results of a genome sequence analysis of the 
complete genomes of the MS-1 vaccine and its parent strain (WVU1853). 
In addition DNA samples of 20 M. gallisepticum and 15 M. meleagridis 
isolates were tested as well serving as controls for the specificity of the PCR. 
The first PCR test was based on an unique single nucleotide polymorphism 
(SNP) in MS-1, resulting in a stop-codon in the HIT-like protein. The second 
PCR was based on a 56bp duplication in the MS-1 vaccine strain. Both tests 
exclusively discriminate the MS-1 vaccine strain from the M. synoviae field 
isolates and proved to be useful candidate discriminatory PCR methods. The 
development and validation of a multiplex PCR, to be used for the detection 
and differentiation of MS-1 vaccine and field isolates in clinical samples 

without the need of culture, is of great practical value and will allow the 
beneficial effects of vaccination without jeopardizing M. synoviae control and 
eradication programmes.
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Mycoplasma gallopavonis has been commonly isolated from wild turkey 
(Meleagris gallopavo) populations throughout the United States and the 
prevalence of infection has been estimated be very high. M. gallopavonis has 
also been isolated from domestic turkeys that can be readily infected with the 
organism by contact with wild turkeys. Although the avian Mycoplasma spp. 
that are known to be pathogenic to domestic poultry have been extensively 
studied, there is currently no objective information available on whether 
this common Mycoplasma infection can impact the health and survival of 
turkeys. In this study the pathogenicity of an isolate of M. gallopavonis was 
investigated in commercial and wild turkey poults. Twenty domestic and 20 
wild turkey poults were inoculated at 3 weeks of age with M. gallopavonis 
via intraocular, intranasal, intra airsac, intra footpad and intravenous 
routes. Ten commercial and 10 wild turkeys were evaluated and compared 
to non-inoculated controls at 14 and 21 days post challenge by gross and 
histological examination of tissues. The primary lesion observed in infected 
birds was synovitis in footpads and associated lameness. The joints were 
swollen and contained purulent exudate. The domestic turkeys were more 
severely affected than the wild turkeys. This study is the first investigation 
into the pathogenicity of M. gallopavonis and its potential impact on wild and 
commercial turkeys in the United States.
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Development of a recombinant protein based ELISA 
For diagnosis of Mycoplasma bovis infection In cattle
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Mycoplasma bovis causes a range of diseases in cattle, including mastitis, 
arthritis and pneumonia. Respiratory tract infection with M. bovis has 
become increasingly recognised as a significant problem in recent years, 
compounded by increasing antimicrobial resistance and the absence of 
effective vaccines. The alternative strategy to control disease caused by 
M. bovis, separation of infected from uninfected animals, is problematic 
because of the lack of accurate serological diagnostic tests. We identified 
an immunogenic protein of 226 kDa, which was consistently detected 
in Western blots by M. bovis-specific bovine sera. We have shown this 
membrane protein to have lipase activity and named it mycoplasma 
immunogenic lipase A (MilA). Different regions of MilA were expressed in 
Echerischia coli as GST fusion proteins and found the recombinant products 
from the amino terminal end to have strong immunoreactivity with M. bovis-
specific bovine sera. The most immunoreactive fusion protein, GST-MilA-
ab, was used to develop indirect IgM and IgG ELISAs. The IgM ELISA was 
able to detect M. bovis-specific IgM antibody two weeks after infection with 
97.1% sensitivity and a specificity of 63.3%, while the IgG ELISA was able to 
detect M. bovis-specific IgG three weeks after infection with 92.8% sensitivity 
and a specificity of 98.7%. To demonstrate the potential of the IgG ELISA 
as a sensitive and specific assay to detect prior infection with M. bovis, we 
tested paired sera from 7,500 Australian cattle, collected before and after 
introduction to feedlots. The results suggested that 79% of the cattle were 
sero-negative for M. bovis before entering the feedlots and that 83% of them 
sero-converted within 6 weeks of introduction to feedlots.
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Insertion sequences (ISs) are mobile genetic elements and among the 
most prevalent genes in nature.  Dispersion and homology of IS isoforms 
facilitate recombination and rearrangement events which contribute to 
genetic diversity, plasticity and evolution of bacterial genomes. It has been 
previously shown that the genome of the bovine pathogen Mycoplasma 
bovis type strain PG45 contains about of 54 intact or truncated IS elements. 
No ISs were identified within the ribosomal RNA operons (rrn) of this 
strain. However, the presences of five different configurations (D-H) of the 
rrns were identified, while studying mechanisms of acquired resistance to 
macrolides and tetracyclines in M. bovis field isolates and those in addition 
to configurations A-C present in the published genomes of M. bovis PG45, 
HB0801, and Hubei-1 strains, respectively.
Sequence analysis of the A-H configurations revealed the following features: 
(i) variability in the number of rrns among M. bovis field isolates; (ii) insertion 
of various types of ISs within the intervening region 1 (ivr-1), or ivr-3, or both ivr-
3 and ivr-5, or in close proximity to one of rrn. Mapping of the transcriptional 
start site (SSS) of the 16S rRNA (rrs) and 23S rRNA (rrl) genes in a M. bovis 
strain with one rrn revealed that inv-1 is a promoter region of rrn. ISs may 
influence gene expression though their regulatory elements, by the formation 
of hybrid promoters or disruption of transcriptional repression.  The impact 
of the IS elements on expression of the ribosomal genes as well as their role 
in acquired resistance to macrolides and tetracyclines are currently under 
investigation in our laboratory. 
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The treatment and control of Mycoplasma bovis are based mainly on the 
use of antibiotics as no effective commercial vaccine is available. However, 
M. bovis field strains with reduced susceptibility to several antibiotic agents 
have been detected, representing a serious threat to the cattle industry 
worldwide. Tetracyclines are widely used in the veterinary field. Their mode 
of action against bacteria is inhibition of protein synthesis by binding to the 
30S ribosomal subunit and thereby blocking attachment of aminoacyl-tRNA 
to the A site. In M. bovis, no tetM-like determinants, similar to those found in 
urogenital human mycoplasmas and associated with acquired resistance to 
tetracycline, have been identified until now. Therefore, this study investigated 
if target site alteration, resulting from point mutations in the 16S rRNA (rrs), 
may mediate M. bovis acquired resistance to tetracycline.
Sequence analysis of two rrs alleles was performed on 76 M. bovis field 
isolates showing a range of minimal inhibitory concentrations (MIC) to 
tetracycline (0.06-16 µg/ml). Different nucleotide (nt) substitutions were 
identified at positions A965T/C, A967T/C of helix 31 and at position 
G1058A of helix 34 of the primary tetracycline binding site of the 16S 
rRNAs. Our data showed that M. bovis strains with MICs of 0.25-0.5 µg/ml 
to tetracycline contained mutation at one of the positions A965 or A967 of 
one or both rrs alleles. However, a more significant decreased susceptibility 
to tetracycline (MICs of 1-16 µg/ml) resulted from mutations present at two 
(A965 and A967) or three positions (A965, A967 and G1058) of both rrs 
alleles. In summary, this is the first description of mutations in 16S rRNA 
associated with decreased susceptibility to tetracyclines in a mycoplasma 
species originating from ruminant hosts.
                                                                                                                                                                                                    
119
23S rRNA gene mutations contributing to  
macrolide and lincosamide acquired resistance in 
Mycoplasma synoviae

Inna Lysnyansky1, Irena Gerchman1, Barbara Flaminio2,  
Salvatore Catania2

1 Division of Avian and Fish Diseases, Kimron Veterinary Institute, Israel;  
2 Istituto Zooprofilattico Sperimentale delle Venezie, Padova, Italy 

Phone: 972-3-9681689, Fax: 972-3-9681739,  
Email: innal@moag.gov.il

The mechanism responsible for acquired resistance to macrolides 
[14-membered erythromycin (Ery), 16-membered tylosin (Ty) and tilmicosin 
(Tm) and to lincosamides (lincomycin (L)] was investigated in Mycoplasma 
synoviae, a pathogen that may cause respiratory infections and synovitis in 
chicken and turkey. Sequence analysis of domains II and V of the two 23S 
rRNA alleles and ribosomal proteins L4 and L22 was performed on 41 M. 
synoviae isolates showing different minimal inhibitory concentrations (MIC) 
to Ery (32-≥128 µg/mL), Ty (0.015-4 µg/mL), Tm (0.03-≥8 µg/mL) and L 
(0.125-≥8 µg/mL).
Our results showed that the nucleotide substitution G748A (Escherichia coli 
numbering) in domain II of one or both 23S rRNA alleles may account for a 
slight increase in MICs to Ty and Tm (up to 0.25 and 2 µg/mL, respectively). 
The influence of the mutation G748A on decreased susceptibility to L was not 
clear. However, the presence of the point mutations A2058G or A2059G in 
domain V of one or both alleles of the 23S rRNAs was correlated with a more 
significant decreased susceptibility to Ty (0.5-4 µg/mL), Tm (≥8 µg/mL) and 
L (1-≥8 µg/mL). In addition, it looks like that M. synoviae isolates containing 
mutations in domain V of both alleles of the 23S rRNAs had higher MICs to 
L (4-≥8 µg/mL) compared to isolates with only one mutated allele (1-2 µg/
mL). All M. synoviae isolates tested were resistant to Ery (32-≥128 µg/mL) 
possibly due to a G2057A transition in the 23S rRNAs (intrinsic resistance). 
No amino acid substitutions correlated with decreased susceptibility to Ty, 
Tm and L were found in L4 and L22 proteins of 27/41 representative M. 
synoviae isolates with different MICs.
This is the first description of the molecular mechanism of acquired 
resistance to macrolides and lincosamides in M. synoviae.
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Moonlighting enzymes are multifunctional proteins that are defined as having 
two or more distinct biological functions, where one function is catalytic and 
the other commonly either structural or regulatory. Discovering moonlighting 
functions is often serendipitous and most frequently identified in proteins 
found in an atypical cellular location. In bacteria, many moonlighting 
enzymes are linked to virulence. Moonlighting functions are theorised to 
arise from selective pressure of an advantageous mutation and may benefit 
an organism by increasing complexity without genome expansion. As such, 
Mycoplasma species may prove a good resource for identifying moonlighting 
proteins due to their minimal genomes, high mutation rate, and a greater 
evolution rate than related organisms. Surface biotinylation and trypsin 
shaving studies identified a putative leucine aminopeptidase (LAP) on the 
surface of Mycoplasma hyopneumoniae.  This protease lacks transmembrane 
domains, signal peptides and is predicted by PSORTb to reside intracellularly. 
Surface accessibility of LAP was confirmed by fluorescence microscopy 
using anti-LAP sera. A recombinant LAP was expressed and purified under 
native conditions. A number of fluorescently-tagged amino acids were used 
to determine proteolytic activity. rLAP displayed greatest activity against 
leucine, methionine, phenylalanine and arginine. Enzymatic activity was 
optimal in alkaline conditions and enhanced in the presence of several 
divalent ions. Molecular modelling presents LAP as a hexameric structure 
and possessing the conserved metal binding sites and NTDEAGRL motif 
characteristic of the M17 family of aminopeptidases.  Interestingly, LAP was 
found to possess moonlighting binding capabilities. LAP was recovered from 
cell lysates during heparin-agarose chromatography and thermophoretic 
experiments demonstrated LAP heparin binding with a kD of 6.89 nm. 
Additionally, protein:DNA interaction assays indicated binding to DNA. LAP 
is the second example of a moonlighting aminopeptidase we have identified 
on the surface of M. hyopneumoniae. These enzymes not only generate 
amino acids for growth, but also display diverse binding capabilities. 
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Methylation of uridine to form ribothymidine (m5U) is a widespread 
modification that contributes to the functional fine-tuning of tRNAs and rRNAs 
in all three domains of life. In the RNAs of most organisms, m5U modifications 
are catalyzed by methyltransferases that use S-adenosylmethionine 
(AdoMet) as their methyl group donor. One noteworthy exception is seen in 
some bacteria, where the highly conserved tRNA methylation at m5U54 is 
added by the enzyme TrmFO using an unrelated mechanism with N5, N10-
methylenetetrahydrofolate as the one carbon donor. Further divergence is 
seen in the m5U modification systems of mycoplasmas where the minimal 
genome of Mycoplasma capricolum has two homologs of TrmFO and no 
analogous AdoMet-dependent enzyme. Notably, this bacterium lacks the 
m5U54 tRNA modification, but has m5U1939 in 23S rRNA, a conserved 
modification added by AdoMet-dependent enzymes in all other characterized 
bacteria. We identified the enzyme responsible for this modification in M. 
capricolum by developing a synthetic biology approach to delete single or 
multiple genes from mycoplasma genomes. The methyltransferase RlmFO, 
a TrmFO homolog encoded by Mcap0476, specifically catalyzes m5U1939 
modification and as such represents the first folate-dependent enzyme 
seen to modify rRNA. Thus, as for the modification of U54 in tRNAs, two 
mechanistically distinct types of enzyme have evolved independently to 
catalyze m5U formation at a specific site in ribosomal RNA.
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Contribution of individual amino acids to  
stability and motility function of Mycoplasma 
pneumoniae protein P30

Nicole Marotta, Michelle R. Gibbs, Mitchell F. Balish
Miami University 
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Mycoplasma pneumoniae, a cell wall-less pathogen found in the 
respiratory tract of humans, requires both cytadherence and gliding 
motility to cause disease. The transmembrane adhesin P30, located 
at the polar attachment organelle, is essential for these processes. 
Within the extracellular region of P30 (P30ER) is a block of 13 proline-
rich repeats (PRRs) at the C-terminus as well as a highly conserved 
charged region within the juxtamembrane domain. Although the 
sequence of the PRRs is dramatically different in the Mycoplasma 
genitalium P30 ortholog, this protein can fully complement the 
absence of M. pneumoniae P30, suggesting that its overall structure 
is more important for function than its specific amino acid sequence. 
Mutants lacking increasing numbers of PRRs are increasingly less 
stable, raising the possibility that the stability of P30 is linked to 
interactions of this region with other proteins that depend on the 
PRRs. We hypothesize that the PRR region of the protein adopts an 
intrinsically disordered structure, similar to other proline-rich proteins, 
and that individual proline residues contribute to the proper fold and 
stability of P30. To test the significance of proline residues in the 
C-terminal region and charged amino acids in the juxtamembrane 
domain, we performed site-directed mutagenesis of these residues. 
Plasmids containing these P30 variants with a C-terminal 6XHis-
tag (P30-His) were transformed into M. pneumoniae II-3, a P30-null 
mutant, to study their effects on P30 stability, adherence, and motility, 
using immunoblotting, hemadsorption, and microcinematographic 
assays. Mutation of proline 272 to alanine reveals a decrease in 
stability of the protein and reduced gliding speeds in comparison to 
a strain producing wild-type P30-His. Several other proline mutations, 
including individual prolines and multiple prolines, as well as mutations 
changing a juxtamembrane region glutamic acid to aspartic acid or 
lysine have been generated and are being tested. We have also used 
circular dichroism to examine the structure of a peptide corresponding 
to the P30ER, with preliminary data consistent with an intrinsically 
disordered structure. Understanding the role these residues play in P30 
will help establish a potential target for antibiotics as this protein is key 
in causing disease.
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Gliding of Mycoplasma mobile can be  
explained by directed binding

Akihiro L. Tanaka1, Daisuke Nakane1, Takayuki Nishizaka2,  
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1 Graduate School of Science, Osaka City University;  
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Mycoplasma mobile forms a membrane protrusion, the gliding 
machinery, and glides on solid surface smoothly up to 4.5 µm per s 
in the direction of protrusion. It glides by repeated catch-pull-release 
of sialylated oligosaccharide fixed on solid surface by hundreds of 50 
nm flexible legs sticking out from the gliding machinery.  This gliding 
mechanism may be explained by possible «directed binding» of leg with 
sialylated oligosaccharide, where the leg can be detached more easily 
forward than backward.  In the present study, we detached a starved cell 
at rest from glass surface coated by sialylated oligosaccharides by using 
an optical tweezer and concluded that the detachment force forward is 
1.5 - 2.1 times less than that of backward.  We also exerted constant 
tension to a cell by rapid displacement and the optical tweezer, and 
measured «bond lifetime» which is the duration required for detachment.  
The bond lifetime decreased exponentially as forward tension increased 
in the range of 0 - 240 pN.  However the binding exhibited ‘catch bond’ 
whose lifetime increased from 0.09 s at 60 pN to 0.36 s at 120 pN, as 
the backward tension increased.  These results show that M. mobile binds 
to solid surface in a direction dependent manner based on catch-bond 
system, suggesting that this directed binding is involved in the gliding 
mechanism.
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Leg structures of Mycoplasma mobile visualized by 
negative staining and rapid-freeze-and-deep-etch 
electron microscopy

Hiroki Yamamoto, Yuhei Tahara, Eisaku Katayama,  
Makoto Miyata

Graduate School of Science, Osaka City University 
Phone: +81666053157, Fax: +81666053158,  

Email: miyata@sci.osaka-cu.ac.jp

Mycoplasma mobile glides up to 4.5 µm per s by a unique mechanism.  
This gliding is thought to be caused by hundreds of leg-like structures 
sticking out from the gliding machinery. To observe the individual 
legs clearly, negative staining and rapid-freeze-and-deep-etch electron 
microscopy were applied, under special conditions reducing backgrounds 
and hindrances.  In the negative staining, flexible filaments 30-80 nm 
long, 1-2 nm thick were observed at the cell edge at a density of 3.0 
per 50 nm.  In rapid-freeze-and-deep-etch electron microscopy, straight 
filaments 62 nm long, 14 nm thick were observed at the interface 
between the cell and solid surfaces at a density of 2.4 per 50 nm.  Gliding 
mutants, truncated for Gli123, Gli521, and Gli349, essential for gliding 
were analyzed.  The depletion of Gli349 or Gli123 caused total lack of 
the leg structure, while the depletion of Gli521 decreased the length 
and number of legs, suggesting that the leg is composed of Gli349 and 
supported by Gli521 to extend.
                                                                                                                                                                                                    
125
Elucidation of acquired resistance mechanisms to 
aminoglycosides in Mycoplasma bovis 
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Federica Gobbo3, Roger D. Ayling4, Robin A. J. Nicholas4, 

Konrad Sachse1
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Despite the increasing occurrence of resistance reported in numerous 
studies, antimicrobial therapy continues to be the most frequently used 
measure to combat mycoplasma infections in animals. Unfortunately, 
our knowledge of the mechanisms conferring mycoplasma resistance to 
antimicrobials and especially to aminoglycosides (AGs) is rather limited. 
It is, nevertheless, an important requirement to efficiently detect 
resistant strains, apply alternative treatment and avoid further spread of 
resistance markers. Consequently, we initiated a collaborative study to 
elucidate acquired resistance mechanisms to AGs in the important bovine 
pathogen Mycoplasma (M.) bovis. Initially, we determined the minimum 
inhibitory concentrations (MICs) of six AGs for 109 M. bovis field isolates 
to define wild-type and non-wild-type isolates with respect to acquired 
resistance. Since no enzymes responsible for chemical modification 
of AGs have been identified in the M. bovis genome, we screened AG 
target sites in genes encoding 16S rRNA (rrs3 and rrs4) and ribosomal 
proteins (rpsL and rpsE) for point mutations and correlated these data 
to MIC values. The four 2-deoxy-streptamine AGs amikacin, gentamicin, 
kanamycin and tobramycin showed a unimodal MIC distribution with 
comparatively low values and narrow ranges. It was concluded that all 
isolates belong to wild-type populations. In contrast, the aminocyclitol 
spectinomycin and the streptamine AG streptomycin both had broad 
MIC ranges with bimodal and trimodal distributions, respectively., More 
than one quarter of all M. bovis isolates had MIC values >512 µg/ml 
to spectinomycin. The trimodal MIC histogram of streptomycin suggests 
that non-wild-type isolates may harbour multiple and distinct resistance 
mechanisms conferring different levels of resistance. Sequence analysis 
of rrs3, rrs4, rpsL and rpsE from 68 selected M. bovis isolates revealed 
multiple mutational sites in each locus. While no association was found 
between mutations in the investigated genes and elevated MIC values to 
streptomycin, all isolates with an acquired resistance to spectinomycin 
(MIC >512 µg/ml) exhibited a C to A transversion at position 1192 either 
in rrs3 or in both rrs alleles. This molecular marker for spectinomycin 
resistance, discovered for the first time in mycoplasmas, was used to 
establish a SNP-detecting real time PCR protocol allowing the reliable 
and rapid identification of M. bovis isolates with high-level spectinomycin 
resistance.
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Preliminary evaluation of Oligopeptide Permease  
A (OppA) as a DNA vaccine antigen

Mariet Wium1, Dirk U. Bellstedt1, Adriaan Olivier2, Annelise Botes1
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Three mycoplasmas species (Ms01, Ms02 and Ms03) are associated with 
respiratory infections in South African ostriches. Mycoplasmas are typically 
problematic in grower ostriches kept in an intensive system where they cause 
reduced production, downgrading of carcasses and in certain production areas, 
chick mortalities. DNA vaccines are being investigated as an alternative to 
antibiotics in the control of these infections. The OppA gene was identified as 
a possible antigen and subsequently used in the development of three DNA-
vaccines against Ms03, each containing a different plasmid backbone. The ability 
of each construct to produce an immune response was tested in a preliminary 
vaccination trial. A group of 90, 3-4 month old ostriches were divided into four 
groups. Group 1 served as non-vaccinated control, Group 2, Group 3 and Group 
4 were each vaccinated intramuscularly with a single dose (1 ml, 100 μg/ml) of 
construct 1, 2 and 3 respectively. Tracheal swabs were taken from all ostriches 
at the start of the trial to test, using PCR, background mycoplasma infections. 
Blood was drawn on day 0 and at 3 weeks to test for anti-OppA antibodies using 
an ELISA developed for this purpose. The average titre values were already high 
at day 0 which could be due to background mycoplasma infections. All three 
constructs were able to elicit an anti-OppA immune response that was statistically 
significant when compared to the control group. The increase in tire values were, 
however, not equal in all three constructs, which highlights the importance of 
the plasmid backbone in eliciting an immune response. The ability of anti-OppA 
antibodies to offer protection can only be evaluated in challenge trials. Prior 
to this the DNA vaccine constructs will have to be further evaluated in more 
extensive vaccination trials using different doses at different concentrations in an 
attempt to elicit immune memory.
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Selection of Mycoplasma mycoides subsp.  
mycoides candidate vaccine molecules through 
identification of monoclonal antibodies  
that inhibit pathogen-host cell adhesion

Racheal Aye1, Jochen Meens2, Yenehiwot W. Weldearegay2, Francis Chuma1, 
Isabel G. Nkando3, Jorg Jores1, Jan Naeseens1

1 International Livestock Research Institute, ILRI; 2 University of Veterinary 
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Contagious bovine pleuropneumonia, a respiratory disease of cattle, is caused 
by Mycoplasma mycoides subsp. mycoides (Mmm). Since the pathogen is specific 
for cattle, we hypothesize that Mmm attaches to bovine lung cells by a specific 
cytoadherence mechanism. Blocking this specific attachment in vivo might 
prevent colonization of the lungs and hence development of disease. The aim 
of this research was to identify Mmm molecules that mediate cytoadherence. 
Binding of mycoplasma to cultured lung epithelial cells was measured by a 
flow cytometric assay, and used to select 13 monoclonal antibodies specific for 
mycoplasma that inhibited cytoadherence. Of these, one IgM antibody reacted 
with purified capsular polysaccharide, and was able to inhibit Mmm growth in 
vitro . Three others antibodies were able to precipitate a molecule(s) from Mmm 
lysate. All three were sequenced by mass spectroscopy and were identified as 
membrane molecules. Further studies will aim to confirm that those mycoplasma 
molecules mediate cytoadherence.
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Study of the 23S rDNA in erythromycin-resistant 
Mycoplasma mycoides subsp mycoides «Small 
Colony» (strains T1/44 and Rita) mutants

Lidia E. Mederos-Iriarte1, José B. Poveda1, Lucía Manso-Silván2, François 
Thiaucourt3, Ana S. Ramírez1

1 IUSA, Facultad de Veterinaria, Universidad de Las Palmas de Gran 
Canaria, Spain; 2 CIRAD-INRA, UMR CMAEE, F - 34398 Montpellier, France.; 

3 CIRAD, UMR CMAEE, F - 34398 Montpellier, France 
Phone: +34 928 457432, Fax: +34 928 451142,  

Email: aramirez@dpat.ulpgc.es

Background: Contagious bovine pleuropneumonia (CBPP) is caused by 
Mycoplasmamycoides subsp. mycoides «Small Colony» (MmmSC). The 
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disease is included in the list of communicable animal diseases of the 
World Organization for Animal Health. CBPP is widespread in Africa and 
threatens to expand into areas where it is currently not found. The disease 
has been eradicated in different regions using drastic sanitary policies 
based in slaughter and compensation, which are out of the reach of 
most countries where the disease is prevalent. The main alternative 
is vaccination with a live attenuated strain, T1/44, which offers limited 
short-term immunity and may cause adverse reactions. Antimicrobial 
treatment may alleviate the clinical signs, but does not prevent the spread 
of infection, and may favor the creation of chronic carriers. To assess 
the possible use of antimicrobials for CBPP control, several factors have 
to be considered, including selection of the most suitable antimicrobial, 
determination of withdrawal periods to avoid antimicrobial residues in milk 
and meat, and assessment of acquisition of antimicrobial resistance by 
MmmSC. Methods: In this study spontaneous MmmSC (strains T1/44 and 
Rita) resistant mutans against erythromycin were obtained. Mycoplasmas 
were cultured in RPMI solid medium supplemented with horse serum 
containing high antimicrobial concentrations. DNA was extracted from 
the original strains and their resistant mutants. PCR and sequencing were 
performed. Complete sequences of 23S rRNA gene were done for the 
sensitive T1/44 strain and one of its mutants. Six PCRs were needed to 
sequence the complete 23S rRNA gene. For the rest of the isolates, partial 
sequences of the same gene were obtained. Results: Four mutants were 
obtained from each MmmSC strains. When comparing the full 23S rRNA 
genes from T1/44 original strain and one of its mutants, only a mutation 
could be found in one of the operons, an adenine to guanine transition in 
a position previously described in M. pneumoniae and M. hominis (position 
2057 Escherichia coli numbering, domain V). However the other strains 
did not show that mutation. Conclusions: The resistance in these MmmSC 
strains could not be related to any mutation in the 23S rDNA.
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Molecular characterizations of Mycoplasma 
pneumoniae positive specimens collected from 
Australia and China 
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Mycoplasma pneumoniae is an important cause of community-acquired 
pneumonia (CAP). In this study, M. pneumoniae strains, in PCR-positive 
specimens collected from patients in Sydney, Australia (30 samples) and 
Beijing, China (83 samples), were characterized, using multilocus variable 
number tandem repeat (VNTR) analysis (MLVA), P1-restriction fragment 
length polymorphism (RFLP) analysis and sequencing of domain V of the 
23S rRNA gene, to compare genotype distribution and macrolide resistance 
rates between locations. Eighteen distinct MLVA types were identified in 
specimens from Sydney, of which ten were known (types E, G, J, M, N, P, 
U, V, S, and X), and eight previously unknown, types. Strains were equally 
distributed between P1-RFLP type 1 and type 2 variants. Among samples 
from Beijing, MLVA types E, G, J, P, U, X, Z, and four new types were identified. 
Most specimens belonged to P1-RFLP type 1. A nomenclature, based on five 
VNTR loci, is proposed to designate MLVA patterns. Macrolide resistance-
associated mutations were identified in only one of 30 specimens (3.3%) 
from Sydney compared with 71 of 83 (85.5%) from Beijing (p<0.05). This 
study demonstrated that, although multiple individual M. pneumoniae 
strains were circulating in Beijing, the genotypes were less diverse than in 
Sydney. However, the greatest regional difference was in the incidence of 
macrolide resistance, which may reflect differences in antibiotic use and/
or infection control.
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Structural analysis of P65, essential for adhesion 
and gliding of Mycoplasma pneumoniae
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Mycoplasma pneumoniae, a human pathogen, glides to one direction with 
speeds up to 1.0 μm/s by a unique mechanism. The gliding machinery 

localizing at a cell pole contains a cytoskeletal structure composed of the 
terminal button, the paired plates, and the bowl complex from the distal 
end. In the present study, we focus on P65 (MPN309 protein), which is an 
essential component for gliding, localizing at the terminal button. P65 is a 
405 amino acids protein characterized by a proline-rich (13-180 residues) 
and a coiled-coil regions (253-320 residues). We expressed this protein in E. 
coli and purified it. Ultracentrifugation analysis showed that P65 forms a 
complex of 30-40 molecules. The rotary-shadowing electron microscopy 
showed that the P65 complex is composed of a central globule of 30 nm 
in diameter and many filaments of about 10 nm length sticking out of the 
globule. The image is similar to that of the terminal button observed in a 
cell. The partial digestion by trypsin showed that the N-terminal proline-rich 
region is rigid and the C-terminal coiled-coil region is flexible. We succeed 
in growing (producing) rod-shaped crystals of a N-terminal fragment of 
P65. They are diffracted up to 2.6 Å resolution. X-ray structure analysis is 
underway.
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Structural analyses of MPN387 and P1 adhesin 
(MPN141) essential for Mycoplasma pneumoniae 
gliding.
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Mycoplasma pneumoniae, a human pathogen glides with repeated catch 
and release of sialylated oligosaccharides on host cell surfaces.  At a pole, 
this organism forms a membrane protrusion, the attachment organelle 
which is composed of the surface and internal structures.  The internal 
rod structure of the attachment organelle can be divided into three parts, 
terminal button, paired plates, and bowl from the tip.  We focused one of the 
plausible component proteins of bowl, coded by MPN387, which is essential 
for gliding.  The sequence analysis showed that the molecule features 
coiled coil at the region from 87 to 285 in total 358 amino acids.  The 
protein was isolated as a recombinant protein from E. coli, with and without 
an EYFP tag and analyzed by gel filtration, analytical centrifugation, partial 
digestion, and rotary shadowing electron microscopy.  The molecule was a 
dumbbell shape homodimer about 40 nm long and 2.4 nm thick and the 
central part 24.4 nm long formed a parallel coiled coil. P1 adhesin coded 
by MPN141 is the leg of gliding motility.  This protein was purified and 
observed by negative-staining electron microscopy, as well.  A spherical 
shape about 10 nm in diameter was observed, consistent with the previous 
observation of native protein by rotary-shadowing electron microscopy.  
The protein showed binding activity to sialylated oligosaccharide in a bead 
assay.
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Identification of P1 adhesin as a nap component and 
structural periodicities in the attachment-gliding 
organelle of Mycoplasma pneumoniae by electron 
cryotomography
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Mycoplasma pneumoniae glides on host surfaces by a unique mechanism.  It 
forms the attachment-gliding organelle at a cell pole as a membrane 
protrusion composed of surface structures and a cytoskeleton.  In the 
present study, we identified P1 adhesin as a component of the nap structure 
on the membrane surface of the attachment-gliding organelle.  The 
structure of the organelle visualized by electron cryotomography revealed 
a dense 2D array of the P1 adhesin complex on the membrane surface and 
a rigid and a highly variable periodicity in the structures of thin and thick 
elongated plates, respectively, that are paired to form the cytoskeletal rod 
of the organelle.  The pair of rigid and variable structures suggests that the 
extension and compression of the thick plate along the rigid thin plate causes 
the elongation and shorting of the cell protrusion coupled with attachment 
and detachment to the host surfaces for gliding motility.
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Matrix-assisted laser desorption ionization-time of 
flight mass spectrometry for the identification of 
relevant mycoplasmas in poultry
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Matrix-assisted laser desorption ionization-time-of-flight mass spectrometry 
(MALDI-TOF-MS) has emerged as a new, fast and reliable tool for 
bacterial identification. For Mycoplasma identification the recommended 
OIE techniques are based on indirect fluorescent antibody (IFA), 
immunoperoxidase (IP), growth inhibition (GI), metabolism inhibition (MI) 
or specific PCR (Polymerase Chain Reaction), some of these methods are 
considered  time-consuming and not well standardized, requiring specialized 
staff. In the present study the MALDI-TOF-MS technology has been 
applied for the identification of field and reference strains of Mycoplasma 
gallisepticum (12), Mycoplasma synoviae (13), Mycoplasma iowae (9) and 
Mycoplasma meleagridis (3), cultured in several broth media. Three different 
protein extraction methods have been used and the achieved protein 
fingerprint signatures have been matched with spectra included in the 
database provided by the mass spectrometry supplier. Spectra obtained by 
Mycoplasma spp. strains have been matched also with a dedicated database 
created with reference and collection strains. Comparing the spectra of 
field strains with the reference spectra included in the database provided 
by the supplier, 6/12 M. gallisepticum have been identified but, only 2/12 
were correctly identified whereas the other 4/12 were misidentified as M. 
ovipneumoniae. The remaining 31/37 Mycoplasma spp. analyzed using 
original database resulted in a not reliable identification. The analysis 
performed against the new implemented database showed a correct species 
identification for all 37 strains. These results demonstrate that MALDI TOF 
MS can be successfully applied to the identification of Mycoplasma spp. 
even if a dedicated library implemented with field strains is required. The full 
extraction method is time-consuming compared with the other two methods 
tested in the present study but it guaranties the most reliable identification 
scores. 
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Development of two typing methods to trace 
Mycoplasma hyorhinis: the sequencing of the p37 
gene and a MultiLocus Sequence Typing scheme
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Mycoplasma hyorhinis, a major contaminant of mammalian tissue cultures 
in laboratories worldwide, usually infects pigs, leading to respiratory tract 
disease and inflammation of the chest and joints. M. hyorhinis is also an 
infectious agent potentially implicated in human cancers. In the present 
study, two portable typing methods for M. hyorhinis were developed: the 
sequencing of the p37 gene and a multilocus sequence typing (MLST) 
scheme based on the sequenced genomes of four M. hyorhinis strains 
(HUB-1, GDL-1, MCLD and SK76) and the nucleotide sequences of six 
housekeeping gene fragments. These methods were used to evaluate 29 
strains of diverse origins: pigs suffering from septicemia or arthritis (7 
strains), or pneumonia (10 strains), and from nasal cavites or trachea of 
pigs (12 strains). The sequencing of the gene encoding protein P37 from 
33 epidemiologically unrelated strains, revealed 18 distinct nucleotide 
sequences. The discriminatory power of this method was insufficient at 
0.934. The MLST scheme based on the genes dnaA, rpoB, gyrB, gltX, adk 
and gmk was designed and in a total of 2304 bp of sequence were analyzed 
for each strain. MLST was able to subdivide the 33 strains into 29 distinct 
sequence types. The discriminatory power of the method was >0.95, the 
threshold value for interpreting typing results with confidence (D=0.989). 
A web-accessible database has been set up for the MLST scheme for M. 
hyorhinis at http://pubmlst.org/mhyorhinis/. The two typing methods offer 
a robust tool for M. hyorhinis that allows inter-laboratory comparison of data. 
In comparison, the MLST scheme has a slightly higher resolution, making 
it possible to conduct epidemiological investigations and acquire new 
knowledge with regard to M. hyorhinis infections.
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Development of a quantitative Real-Time TaqMan PCR 
assay for the detection of Mycoplasma hyorhinis
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Mycoplasma hyorhinis usually infects pigs, leading to respiratory tract disease 
and inflammation of the chest and joints. In the present study, a Real-Time TaqMan 
PCR assay to quantify M. hyorhinis in specimens from live pigs, was developed and 
validated. The primers and probe sequences were designed on the gene encoding 
the protein P37 and their specificities were tested by homology searches in the 
nucleotide database (Genbank BLASTN 2.2.14) and in the insilico.ehu.es website. In 
the laboratory, this test was able to detect all the 29 M. hyorhinis strains analysed 
and did not cross-react with other mycoplasma species or with other microorganisms 
commonly found in pigs (20 species). Under the trial conditions (threshold line set at 
a fluorescence value of 0.065, 5 µl of DNA extract per assay), the estimated detection 
limit of the qPCR assay was 537 fg per assay (or 107 fg/µl) (Mean CT=32.8±0.6). 
Assuming the genome size of M. hyorhinis to be approximately 840 kpb and 1 fg 
DNA = 978 kpb, 0.86 fg would correspond to approximately one organism. Therefore, 
the estimated detection threshold of this qPCR was 624 equivalent organisms/assay 
or 125 equivalent organisms/µl. The slope derived from all positive replicates per 
log-concentration indicates an amplification efficiency of 92% (±3%). The correlation 
coefficient (R2) value was 0.995 (±0.003). This qPCR test was used to quantify M. 
hyorhinis in 337 tracheo-bronchiolar samples collected on live pigs in 10 farms. 
Amounts of M. hyorhinis DNA were higher in the tracheo-bronchiolar swabbings than 
in the tracheo-bronchiolar washings (4.7x106 vs 2.4x105 equivalent organisms/ml). 
In conclusion, the new qPCR test was validated and can be used for testing samples 
taken on pig farms. This test should be a very useful tool in pig herds to study the 
dynamics of M. hyorhinis infections.
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Development of Novel Immunodiagnostic Assays for 
Rapid Detection of Mycoplasma synoviae In Chickens
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Mycoplasma synoviae (MS) in an infectious pathogen affecting chickens 
worldwide. MS infection can result in respiratory disease and synovitis in chickens, 
although subclinical infections are also common. Monitoring and surveillance of 
poultry flocks is performed on routine basis to control the spread of MS infections. 
Although several diagnostic assays have been described, the routinely used assays 
have some limitations and new diagnostic assays may help contribute significantly 
to the field. The objective of this study was to develop immunodiagnostic assays for 
detection of MS in chickens.  Two novel immunodiagnostic assays were developed 
in this study (a) Fluorescent IgA Antibody Test (FIAT) - based on IgA antibodies, (b) 
Serum Neutralization Assay - based on IgG antibodies. For the first objective, three-
week-old SPF chickens were infected with MS and samples (blood and tracheal 
swabs) were collected on alternate days from 3 days post infection (dPI) up to 11 
dPI. FIAT results were compared with routine diagnostic tests. FIAT detected positive 
samples as early as 3 dPI. For the second objective, the serum neutralization assay 
was performed in a 96-well plate, by adding a standard concentration of MS culture 
to diluted levels of serum. The assay was read ten days later based on color change. 
This assay quantifies the neutralizing antibodies based on the entire MS antigen 
and provides both quantitative and qualitative results. Several field samples were 
tested and the results were compared to traditional serological tests. Both FIAT and 
the serum neutralization assay successfully detected MS infection in chickens.
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Background: Recent studies support the classification of two Ureaplasmas 
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species, U. urealyticum (Uu) and U. parvum (Up), However, since these two 
species share many morphological, antigenic and biochemical characteristics, 
it is difficult to distinguish them by routine microbiological methods. The goal 
of this study was to develop a PCR-ELISA assay for detection and differentiation 
of Uu and Up. Methods: We designed species-specific PCR primers to amplify 
the Uu and Up urease gene as well as species-specific probes to capture 
specific PCR products. Primers were labeled with biotin and probes were 
covalently immobilized on 96-well plates. Following PCR amplification, PCR 
products were denatured and then incubated with 96-well plates coated with 
probes. After stringent washes, the bound products were detected using the 
horseradish-peroxidase-streptavidin conjugate and colorimetric substrate as 
in ELISA. The specificity of the assay was further tested using other organisms 
commonly found in genitor-urinary samples. The performance of this assay 
was compared to the conventional culture method using 38 vaginal swabs 
from women who attended infertility examination in the family planning 
department of the second hospital in Tianjin. Results: With a cut-off value of 
0.6, PCR-ELISA showed 26 (68.4%) of the 38 swabs to be positive, including 
21 for Up alone, 3 for Uu alone, and 2 for Up and Uu co-infection. The results 
of PCR-ELISA were consistent with those of the conventional culture for all 
samples except for 5 samples being positive by only one of these two methods. 
The species could not be determined by the culture method. All positive 
samples were further analyzed by sequencing the urease gene PCR products, 
with results consistent with PCR-ELISA. Conclusions: The PCR-ELISA assay is 
sensitive, specific and high-throughput, and can be used not only for detection 
but for differentiation of Uu and Up. 
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Backgrounds: Mycoplasma hominis (Mh) has been recognized as an 
important cause of sexually transmitted diseases (STDs) involved in various 
genital-urinary diseases. Currently, isolation and identification of Mh in clinical 
samples relies primarily on the liquid culture method, which is time-consuming 
and suffers from high false positive and negative rates. The goal of the present 
study was to develop a rapid biphasic culture method for accurate isolation 
and identification of Mh in the clinical laboratory. Methods: We collected 100 
specimens from STD patients, including vaginal or cervical secretions from 52 
females, and prostatic fluid or urethral secretions from 48 males. Each sample 
was equally split into three aliquots and cultured by three different methods, 
including the standard liquid culture (48h), standard solid culture (3-4days) 
and a new biphasic culture method, which involves an initial culture for 12h 
in a modified liquid medium followed by additional 24-48 h incubation in a 
modified solid medium. Mycoplasma colonies on solid media were checked 
under microscope while mycoplasma growth in liquid media was checked by 
color change. Results: The positive rate of the biphasic culture method, the 
standard solid or liquid culture method was 25% (25/100), 21% (21/100) and 
30% (30/100), respectively. There was no significant difference in the positive 
rate between the three methods (X2=2.15, P > 0.05). However, the sensitivity, 
specificity, positive predictive value, and negative predictive value of the 
biphasic method were all higher than those of the standard liquid culture. 
Additionally, the biphasic method saved about # h incubation time compared 
to the standard liquid and solid culture method. All positive samples were 
further confirmed by PCR. Conclusions: The biphasic culture method with a 
modified medium is sensitive, specific and rapid for isolation and identification 
of Mh in genitourinary samples. 
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Mycoplasma pneumoniae (MP) is responsible for acute respiratory tract 
infections in children and young adults. Molecular typing of MP is an important 

tool for the identification of grouped cases and outbreaks. Low discriminatory 
techniques such as analysis of single nucleotide polymorphisms (SNPs) in the 
adhesin P1 gene discriminate only 2 types. Conversely, rapid evolution and 
instability of some markers used in Multi-locus Variable-Number Tandem-
Repeats Analysis (MLVA) are also limiting factors for typing. The aim of this 
study was to develop a new genotyping method using a limited set of SNPs. 
The genomes of 7 unrelated clinical isolates of MP and of the reference 
strain FH, were sequenced by the Illumina technology in the CEA/Genoscope 
(France). Those strains belong to six different MLVA types and cover several 
geographical areas, years of isolation, specimen and susceptibility or 
resistance to macrolide. Data were analysed using a bioinformatic pipeline 
called EvolScope, allowing the detection of SNPs by comparison to the 
reference MP strain M129. The criteria for the selection of SNPs were a score 
≥ 0.5 and a distribution all over the genome. All selected SNPs were verified 
by sequencing. The SNPs retained for genotyping were evaluated on 140 MP 
clinical isolates from France, Belgium, Germany, Denmark, Tunisia, and Japan 
with known MLVA types, using SNaPshotTM (Applied Biosystems), a method 
based on single base extension of primers. The Bionumerics software was 
used to analyse the SNP-typing results and compare them to the P1 gene- and 
MLVA-typing results. A total of 1762 SNPs were predicted in silico. Seventy 
SNPs were selected as potential markers for genotyping. After verification by 
sequencing, 8 SNPs were retained, located in 5 housekeeping, 1 P1 adhesin, 
and 2 hypothetical lipoprotein genes. The analysis of the polymorphism 
of these 8 SNPs by SNaPshot among the 140 clinical isolates showed a 
distribution in 9 distinct SNP types with a Hunter-Gaston diversity index (HGDI) 
of 0.836. A correlation was found with the P1 gene typing results. No clustering 
was emphasized on the basis of geographical location for the tested isolates 
except for those of type SNP2 which were all from Bordeaux, France. Moreover, 
no link could be established between SNP typing and macrolide resistance, 
year of isolation, specimen origin, and MLVA typing. However, isolates from a 
clonal spread in a school showed the same SNP type 9. Moreover, 14 isolates 
collected during the increased incidence of MP infections in 2011 in Bordeaux 
belonged to 4 SNP types instead of 8 MLVA types. When results of SNP and 
MLVA typing were combined, 50 different types were obtained with a HGDI 
of 0.972. In conclusion, our typing method based on SNPs and the SNaPshot 
technology is a rapid and promising method for MP typing without any 
sequencing step. As it is less discriminant than MLVA, it may allow reducing 
the large polyclonality of MP types usually encountered with MLVA during 
outbreaks involving large populations.
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Mycoplasmas are of importance for biopharmaceutical product release and 
raw material testing. In comparison to the traditional growth-based method 
requiring a cultivation time of at least 28 days, Nucleic Acid Amplification 
Techniques (NAT) allow a major reduction in time-to-result from days to 
just a few hours. However, PCR method only processes relatively small 
sample volumes, which might result in a lack of sensitivity in case of 
low contamination level events. Our study presents a technical solution 
to overcome this limitation by combining the commercially available 
concentration tool Vivaspin with the qPCR-based detection kit Microsart AMP 
Mycoplasma applicable for large sample volumes. A simple centrifugation 
protocol works for sample matrices commonly occurring in fermentation 
processes and cell culture facilities. Sensitivity of the Mycoplasma detection 
PCR can be enhanced significantly by factor 23 at an efficiency of 59 % to 
effectively detect contamination in sample volumes of up to 20 ml without 
sophisticated device requirements. 
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Mycoplasma bovis is the most pathogenic species of bovine mycoplasmas. 
This species cause mastitis, polyarthritis, pneumonia and abort in cows. 
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In suckling the clinical manifestations are outbreaks of pneumonia, otitis 
and polyarthritis. In Brazil this agent has been related in outbreaks of 
mastitis and reproductive diseases. The aim of this study was to determine 
standard curve and validation of the qPCR for M. bovis in milk samples. 
The standardization were realized with strain M. bovis Donetta (GM138) 
and validation in 100 milk samples collected in five dairy farms located 
in the Agreste from to Pernambuco State, Brazil. The genomic DNA was 
extracted by thermal method for strain M. bovis Donetta and in the milk 
samples was used commercial kit “DNeasy Blood & Tissue Kit” (Qiagen®), 
according to the manufacturer´s instructions.  In the qPCR assays were 
used the kit “QuantiFast Sybr Green PCR Kit” (Qiagen®) with thermal 
profile recommended by manufacturer´s. The reactions were realized in the 
Rotor Gene Q® and analyzed in the Software Rotor Gene Q, (versão 2.2.3, 
Qiagen®). In the standardization of the qPCR for strain M. bovis (Donetta) it 
was obtained a R2 0.91161, with slope of -3.762, efficiency being considered 
good. The minimum concentration detected in the assay with the reference 
strain was of 0.00118ng/uL (0.00129ng/uL). All milk samples had negative 
for M. bovis. The qPCR in these conditions can be recommended for the 
detection of M. bovis field.
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Mycoplasma pneumoniae is a respiratory pathogen that is reported to cause 
up to 15-20% of all community-acquired lower respiratory tract infections 
(LRTIs) in children. The correct diagnosis of M. pneumoniae infections is 
important since it is impossible to identify M. pneumoniae infection solely 
on the basis of clinical signs and symptoms. Serology is used routinely for 
diagnosing M. pneumoniae respiratory infections. Polymerase chain reaction 
(PCR) has been shown to offer the potential of an increased sensitivity and 
rapidity compared to the other diagnostic tests. We investigated the role of 
M. pneumoniae in community-acquired lower respiratory tract infections 
(LRTIs) in children, employing serological tests and nested PCR analysis. 
We studied 100 children aged 2 months to 12 years who were hospitalized 
for community-acquired lower respiratory tract infections (LRTIs) in 
order to evaluate the role o M. pneumoniae . Paired serum samples were 
obtained on admission and after 4–6 weeks to assay the titers of M. 
pneumoniae antibodies employing enzyme linked immunosorbent assay 
(ELISA). Nasopharyngeal aspirates (NPA) were obtained on admission for 
nested PCR to amplify P1 adhesin gene in M. pneumoniae. There was no 
statistically significance among various age groups in M. pneumoniae 
positive and M. pneumoniae negative children. The radiological and clinical 
features in M. pneumoniae positive and negative children were numerically 
comparable and the differences were statistically insignificant. A total of 
17 (17%) specimens were serologically positive for M. pneumoniae. Eleven 
(11%) NPA documented a positive nested PCR for M. pneumoniae: 8 (72.7%) 
with serologically proven and 3(27.3%) with serologically unproven M. 
pneumoniae infection. Together, serology and/or nested PCR detected M. 
pneumoniae in 20(20%) children. In conclusion, our study   confirms that M. 
pneumoniae plays a significant role in community-acquired LRTIs in children 
of all ages.
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Mycoplasma hyorhinis, has been implicated in a variety of swine diseases. 
However little is known on the hemolytic capabilities of Mycoplasma 
species in general and M. hyorhinis in particular. In this study we show that 
M. hyorhinis possess a β-hemolytic activity which may be involved in the 
invasion process. M. hyorhinis also possess the antagonistic cooperativity 

(reverse CAMP phenomenon) with Stapylococcus aureus ß-hemolysis 
resulting in the protection of erythrocytes from the β-hemolytic activity 
of S. aureus (reverse CAMP). The reversed CAMP phenomenon has been 
attributed before to phospholipase D (PLD) activity. In silico analysis of M. 
hyorhinis genome, revealed the absence of the pld gene but the presence 
of the cls gene encoding cardiolipin synthetase which contains the two PLD 
active domains. Transformation of M. gallisepticum that has neither the cls 
gene nor the reverse CAMP phenomenon with the cls gene from M. hyorhinis 
resulted in the reverse CAMP phenomenon, suggesting for the first time that 
reverse CAMP can be induced by cardiolipin synthetase.
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Mycoplasma genitalium (MG) is a sexually transmitted organism associated 
with non-gonococcal urethritis in men and several inflammatory reproductive 
tract syndromes in women. These infections are commonly treated with 
azithromycin. However macrolide resistance has been reported and is 
associated with point mutations in domain V of the 23S rRNA gene. In order 
to evaluate the prevalence of macrolide resistance in MG in French clinical 
specimens, we first used a recently published High Resolution Melting 
(HRM) assay. Because wild-type and mutated MG were hardly discriminated 
in MG-positive clinical specimens, we developed a new molecular assay 
for the rapid detection of macrolide resistance. Between 2011 to 2012, 
238 urogenital MG-positive clinical specimens were collected from 211 
patients. For the detection of macrolide resistance-associated mutations, 
we designed a real-time PCR based on fluorescence resonance energy 
transfer (FRET) coupled with melting curve analysis. The assay was first 
validated on macrolide-resistant MG isolates with characterized A2058G/C 
and A2059G mutations (Escherichia coli numbering), then optimized to be 
applied directly on clinical specimens. Resistant genotypes were confirmed 
by 23S rRNA gene sequencing. Among 238 MG-positive clinical specimens, 
155 from 134 patients were amplified with our assay, showing a sensitivity 
of 65.1% (155/238). A substitution in the 23S rRNA gene was found in 
14.2 % (19/134) of the patients, with a rate of 14.5% in 2011 and 13.8% 
in 2012. Eleven and eight clinical specimens harbored the A2059G and 
A2058G mutations, respectively. In four cases, a mixed population of wild-
type and mutated MG was observed. Macrolide resistance prevalence of MG 
was 14.2% in France and was stable since its detection in 2006. Our FRET 
PCR assay is able to discriminate wild-type from resistant genotype in one 
reaction directly in clinical specimen. It will allow clinicians to shorten the 
time to initiate effective treatment and contribute to reduce transmission 
of resistant strains.
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Mycoplasma synoviae (MS) is an important pathogen causing respiratory 
disease, synovitis and airsacculitis in commercial poultry. Mycoplasma iowae 
(MI) is the etiological agent of reduced hatchability, malabsorption syndrome, 
mild airsacculitis, leg deformities, and exudative tenosynovitis in turkeys and 
chickens. PCR assay has been increasingly used as a valuable alternative test 
for direct detection of MS and MI in clinical samples. However, PCR requires 
specialized equipment and electrophoresis for the detection of amplified 
products and must be performed in specialized laboratories. Consequently, 
the development of two specific, rapid, simple, sensitive assays for MS and 
MI is required. To develop the rapid assay for MS and MI, two loop-mediated 
isothermal amplification (LAMP) assays were developed with a set of primers 
designed according to the conserved sequence of MS and MI in GenBank. 
Under the optimized reaction conditions, the amplification completed within 
one hour in a conventional laboratory water bath at 62 degrees. The positive 
result was visible in presence of calcein. All the products of the LAMP assay 
for the positive pathogen showed green colour under daylight, and displayed 
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a typical DNA ladder pattern on 1.5% agarose gel electrophoresis. The 
products of the LAMP assay for other pathogens had no colour change and 
remained orange colour under daylight, and lacked of a typical DNA ladder 
pattern. The results of MS-LAMP showed that the assay was specific to MS 
with a detection limit of 102 copies, which was higher than the routine PCR. 
The results of MI-LAMP showed that the assay was specific to MI with a 
detection limit of 10 fg, which was 100 times higher than the routine PCR. 
No cross-reactions were observed with the other pathogens of chicken, such 
as Mycoplasma gallisepticum, Mycoplasma iowae, Mycoplasma meleagridis, 
salmonella, E. coli, Haemophilus paragallinarum, Newcastle disease virus, 
Infectious laryngtracheitis virus and Infectious bronchitis virus. No cross-
reactions were observed with the other pathogens of chicken, such as 
Mycoplasma gallisepticum, Mycoplasma synoviae, Mycoplasma meleagridis, 
salmonella, E. coli, Haemophilus paragallinarum, Newcastle disease virus, 
Infectious laryngtracheitis virus and Infectious bronchitis virus. These results 
suggest that this two LAMP assay for MS and MI are simple and specific for 
rapid detection of MS and MI in clinical samples.
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Mycoplasma gallisepticum (MG) causes chronic respiratory disease in 
chickens and sinusitis in turkeys and have been a major problem in the 
poultry industry throughout the world for many years. In this study, a duplex 
real-time PCR assay and LAMP assay were developed and optimized to 
simultaneously detect and distinguish virulent and avirulent MG strains. 
To develop a duplex real-time PCR assay, two sets of specific primers and 
probes were designed. One set of primers and probe, universal primers of 
MG, based on the conserved sequence of the MG 16S rRNA gene, was able 
to amplify the DNA for virulent and avirulent MG, and the other set of primers 
and probe, avirulent vaccine strain specific primers and probe, based on the 
putative alpha-phosphotrehalase gene of the avirulent vaccine strain are 
only able to amplify the DNA for MG avirulent vaccine strain. The detection 
limit of the duplex real-time PCR assay was 10 copies of Mycoplasma 
gallisepticum DNA for both virulent and avirulent strains. This duplex real-
time RT-PCR can detect and distinguish virulent strain and avirulent vaccine 
strain of MG, and without cross-reactions with other MG strains (MM, MS, 
MI) or common avian respiratory viruses (AIV, NDV, IBV, ILTV) . This duplex 
real-time PCR assay is quick, sensitive, and specific test for detection and 
differentiation of virulent field strain and avirulent vaccine strain of MG, and 
will be usefull for the control of MG in poultry. To develop two specific LAMP 
assays for detection of virulent field strain and avirulent vaccine strain of 
MG, two sets of specific oligonucleotide primers were designed, of which 
one set of primer, universal primers of MG, based on the conserved gene 
sequence of the 16S rRNA gene of the MG, was able to amplify DNA bands 
for all MG, and the other one, avirulent vaccine-specific primers, based on the 
putative alpha-phosphotrehalase gene of the avirulent vaccine strain were 
only able to amplify DNA bands of MG avirulent vaccine strain. The assay was 
performed in a water bath for 1 hour at 63°C, and the amplification results 
were visualized by adding a fluorescence dye or by inspecting the sediment. 
The specificity systems for virulent and avirulent vaccine LAMP systems have 
been determined without cross-reactivity with DNA or cDNA of other MG 
strains (MM, MS, MI) or common avian respiratory viruses (AIV, NDV, IBV, 
ILTV).  The LAMP assay with detection limits of 10 fg DNA for both virulent 
and avirulent MG strains was found approximately 100 times sensitive than 
the conventional PCR. These two LAMP systems were highly sensitive and 
specific for MG virulent and avirulent vaccine strains, and could be used as a 
rapid diagnostic assay for clinical or field samples of MG cases.
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In recent years, matrix-assisted laser desorption ionization-time of flight 
mass spectrometry (MALDI-TOF MS) has emerged as a new technology 
for species identification. The aim of this study was to evaluate its 
applicability to human and ruminant mycoplasma identification, which 
can be demanding and time-consuming using phenotypic or molecular 
methods. In addition, MALDI-TOF MS was tested as a subtyping tool for 
certain species. A total of 29 reference peak lists, or main spectra (MSP), 
from 10 human and 13 ruminant mycoplasma (sub)species were first 
generated to construct a mycoplasma MSP database and complete the 
Bruker MALDI Biotyper database. After broth culture and protein extraction, 
MALDI-TOF MS was applied for identification purposes to 119 human 
and 143 ruminant clinical isolates previously identified by phenotypic, 
antigenic or molecular methods and to subcultures of 73 ruminant 
clinical specimens known to potentially contain several mycoplasma 
species. All analyses were optimized to be compatible with the routine 
workflow of our laboratories. MALDI-TOF MS resulted in accurate (sub)
species identification, with a score over 1.700 for 96% (251/262) of the 
isolates. The phylogenetically closest (sub)species were unequivocally 
distinguished. Although mixtures of strains were reliably detected up to a 
certain cellular ratio, only the predominant species was identified from the 
cultures of polymicrobial clinical specimens. For typing purposes, MALDI-
TOF MS proved to be able to cluster M. bovis and M. agalactiae isolates as 
a function of their year of isolation and their genome profile, respectively, 
and M. pneumoniae isolates as a function of their P1-adhesin type. In 
conclusion, MALDI-TOF MS is a rapid, reliable and cost-effective method 
for the routine identification of high-density growing mycoplasmas such as 
M. hominis and ruminant mycoplasmas and shows promising prospects for 
strain subtyping of certain species.
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Abstract: To compare the kinetics of specific systemic and mucosal 
immune responses against M. hyopneumoniae infection, ten 55-60 
day-old pigs were intratracheally challenged with M. hyopneumoniae in 
lung homogenate. An additional two pigs received PBS intratracheally 
and served as healthy controls. The specific anti-P97R1, anti-P46, and 
anti-p36 IgG antibody response in serum and the same kinds of specific 
sIgA antibody responses in the respiratory tract were monitored during 
133 days post-infection. The results showed that the IgG response to all 
three mycoplasma proteins increased slightly during the first 21 days 
after infection, followed by a sharp rise from 21 dpi to 42 dpi. Then the 
antibody responses showed different kinetics. The titer of anti-P97R1 
IgG antibody continued rising until 105 dpi, then decreased gradually. 
On the contrary, the titer of anti-P36 IgG antibody dropped a little on 56 
dpi, then enhanced slowly until the last sampling time point (133 dpi). 
Statistically significant differences were observed between the titers 
of anti-P97R1 and anti-P36 IgG antibodies on 56 dpi (P<0.05), 77dpi 
(P<0.01), 91 dpi (P<0.05) and 119 dpi (P<0.05). A low seroconversion 
rate (10-20%) was found in the response to all three mycoplasma 
proteins on 7 dpi, while the anti-P97R1 IgG antibody showed higher 
seroconversion rate on 14 dpi (80%) and 21 dpi(90%) compared those 
of anti-P46 antibody (20% and 50%) and anti-P36 antibody (20% and 
20%). Different from systemic antibody responses, mucosal antibodies 
responded more acutely but unstably against M. hyopneumoniae 
infection. All three sIgA antibodies conversion could be firstly found on 
4 dpi, which was 3 days earlier than seroconversion (on 7 dpi). The sIgA 
antibody titers in the respiratory tract to all three mycoplasma proteins 
rose firstly on 4-6 dpi, enhanced dramatically in the following days and 
peaked on 12-16 dpi. Then the IgA antibody titers dropped gradually, and 
decreased to pre-immune levels in most of pigs after 84 dpi. Although 
no significant difference showed among the kinetics of sIgA antibodies 
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secretion against three proteins, highly significant differences were 
observed between the titers of anti-P97R1 and anti-P46 sIgA antibodies 
on 12 dpi (P<0.01) and 16 dpi (P<0.01). In conclusion, the systemic IgG 
antibody response against M. hyopneumoniae infection was delayed 
but persistent. Conversely, the mucosal IgA antibody response in the 
respiratory tract appeared rapidly but was not maintained over time. 
Moreover, the anti-P97R1 IgG and sIgA antibodies response were more 
acute and stronger than the corresponding reaction to the P46 and P36 
proteins. It was implied that the anti-P97R1 IgG or sIgA antibody could 
be taken as a biomarker for early diagnosis, as well as improving the 
sensitivity of diagnosis of M. hyopneumoniae infection.
Keywords:  systemic antibody response; mucosal antibody response; M. 
hyopneumoniae; P36; P46; P97R1
Corresponding author: Guo-Qing Shao, E-mail: gqshaonj@163.com
Supported by: National Natural Sciences Foundation of China 
(31001080, 31001066), Natural Science Foundation of Jiangsu 
Province (BK2011680) and Jiangsu Agriculture Science and Technology 
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Mycoplasma pneumoniae
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Mycoplasma pneumoniae (M.p.) is a common pathogen causing a broad 
range of infections of the human respiratory tract. Approaches to type 
clinical strains of M.p. include multi locus variable number of tandem 
repeat analysis and characterization of sequence differences in the main 
P1 adhesin. The immune-dominant P1 protein plays an important role in 
the host-pathogen interaction and contains two copies of the repetitive 
elements repMP4 and repMP2/3 differing between strains. In many studies 
the special epidemiology of respiratory infections due to M.p. is described 
which is characterized by strong increase of monitored cases every four to 
seven years. In addition, during epidemics a change of the dominating P1 
type of M.p. in the human population can be found. It was hypothesized that 
qualitative and quantitative aspects of the immune response of patients can 
influence further infection events. In animal experiments, the occurrence of 
subtype-specific antibodies was demonstrated. Nevertheless, a systematic 
analysis of subtype-specific parts of the P1 protein is missing. Here, we 
investigated the differing regions of the most common P1 types subtype 1 
and variant 2a. After exchange of TGA codons, protein parts derived from the 
repMp4 and repMp2/3 elements were expressed successfully in Escherichia 
coli and used as antigens to produce polyclonal antibodies. Results of mild 
proteolysis of M.p. cells, immunoblot, immunofluorescence, colony blot 
and ELISA experiments demonstrated the localization of the investigated 
protein regions on the surface of M.p. cells. Mainly the recombinant proteins 
derived from repMP2/3 regions (rp23) react with human sera tested positive 
for M.p.-specific antibodies. Furthermore, binding of recombinant proteins 
rp23 to HeLa cells was demonstrated which can be blocked by monospecific 
antisera. In conclusion, the results of the study support the hypothesis that 
recombination events in the P1 gene of M.p. can influence the host immune 
response.
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Molecular study of mycoplasmal pneumonia in  
goats of India
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For molecular study of the mycoplasmal pneumonia in goats, 182 samples 
of different nature like nasal swab, lung swab and pleural fluid were collected 
from apparently healthy and pneumonic goats from different locations were 
subjected to molecular characterization of mycoplasma isolates. Of 182 
samples, 134 biological samples were found positive by PCR. Of 134, 129 
for Mycoplasma genus, 108 for “Mycoides culture” group and 81 for M. 
capricolum subsp. capripneumoniae were found positive when screened by 
PCR test. It was observed that PCR was more sensitive test as compared to 
the conventional test such as isolation, biochemical and serological tests 
and it overcomes problems of cross reactivity.
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Molecular characterization of Mycoplasma 
gallisepticum isolates from Pakistan

M. Javed1, M. Rabbani1, M. A. Gondal1, A. A. Sheikh1, A. Ahmed1,  
F. Akhtar1, A. Rasool1, A. Wajid1, R. K. Khalid1, M. I. Khan2
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Storrs, CT06269, USA 
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Email: mazhar.khan@uconn.edu

This study was aimed to compare serological and culturing based analysis 
for detection of Mycoplasma gallisepticum (MG) and their molecular 
characterization in flocks from broiler, breeder and layer farms with 
history of high mortality. Randomly 200 serum and tracheal swab samples 
were collected from broiler breeder and layer farms. The samples were 
analyzed for presence of MG antibodies through ELISA in serum samples 
while tracheal swabs were subjected for culturing of MG on Frey’s medium. 
Serum analysis revealed that out of 200 serum samples collected from 
broilers, 50% (n=100) of the samples showed cut off value equal or above 
positive control, out of 200 breeders serum samples 75% (n=150) showed 
positivity while out of 200 serum samples collected from layer birds, 70% 
(n=140) showed positive response towards MG antibodies. In further 
studies, tracheal swabs were collected from the birds selected for serology 
and out of 200 tracheal swabs collected from broilers, MG was recovered 
from 18 swabs (9%), out of 200 tracheal swabs collected from breeders, 
MG was recovered from 53 swabs (26.5%) and from 200 tracheal swabs 
of layers, MG was recovered from 42 (21%) tracheal swabs. The tracheal 
swabs showed positive response on MG culturing was further confirmed 
for the presence of Mgc2 gene through PCR. Out of 18 positive swabs of 
broiler birds, 9 samples were found positive through PCR for presence 
of Mgc2 genes, out of 53 positive swabs of breeders, 20 (37.7%) were 
positive through PCR while out of 42 positive tracheal swabs collected 
from layers, 13 (30.9) samples were positive. A total of six MG isolates 
were phylogenetically analyzed through partial Mgc2 gene to compare 
with previously characterized Pakistani isolates and worldwide. All MG 
isolates are clustered with previously characterized isolates of the region 
and revealed no major genetic variation in the target gene sequence. 
Furthermore, pairwise analysis was carried out to compare nucleotide 
sequences of currently characterized Pakistani MG isolates, exhibited 
98% to 100% similarities globally and 98% to 99% identity with previously 
characterized Pakistani isolates.
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This study was carried out to detect the prevalence of Mycoplasma 
synoviae in breeder farms in clinically reported areas of Pakistan, by 
culture and molecular based detection. Clinical field samples (Trachea/
tracheal swab n=150, joints n=100) were processed for culturing of MS 
on Frey’s medium. Out of 150 Trachea/ tracheal swabs collected from 
various breeder farms , MS was recovered from 24 samples (16%) and 
out of 100 joints collected from breeders, MS was recovered from 36 
joints (36%) The samples showed positive response on MS culturing was 
further confirmed through PCR using 16s rRNA species specific primer. 
Out of 60 positive samples 40 samples were found positive through PCR. 
A total of 20 MS isolates were phylogenetically analyzed through partial 
16S rRNA gene to compare with previously characterized Pakistani 
isolates and available sequence data of MS worldwide from GenBank. 
All MS isolates are clustered with previously characterized isolates of 
the region and revealed no major genetic variation in the target gene 
sequence. Furthermore, pairwise analysis was carried out to compare 
nucleotide sequences of currently characterized Pakistani MS isolates, 
exhibited 99% to 100% similarities globally and 94% to 95% identity with 
previously characterized Pakistani isolates.
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Immunological evaluation in mice of a Mycoplasma 
hyopneumoniae recombinant protein produced in LPS 
producing and LPS-free Escherichia coli strains

C. Lumertz Martello, F. Munhoz dos Anjos Leal, H. Bunselmeyer Ferreira
Universidade Federal do Rio Grande do Sul 

Phone: 55513308.7768, Fax: ,  
Email: carolinamartello1@gmail.com

Mycoplasma hyopneumoniae is the main etiological agent of enzootic 
pneumonia, a chronic respiratory disease in pigs. The study of surface 
proteins from this species is crucial for the identification of virulence factors 
and novel antigens for the development of vaccines to prevent disease. For 
that, the expression of recombinant antigens in Escherichia coli followed 
by their immunological evaluation in mouse model is a usual strategy. 
However, endotoxic LPS contamination is an important limitation for the use 
of recombinant proteins produced in E. coli for immunological studies, and, 
in this context, the use of ClearColiTM BL21(DE3) strain, which synthesizes 
a modified LPS (mLPS) without the glucosamide endotoxic portion, is an 
interesting alternative for the production of functionally clean recombinant 
proteins. The extant in which mLPS contamination can interfere with the 
immunological evaluation of a recombinant protein in mice is still unknown, 
and, therefore, we decided to compare the mice immune response against 
the same antigen expressed in E. coli strains BL21 StarTM (DE3) (which 
produces LPS) and in E. coli ClearColiTM BL21(DE3). An extracellular domain 
of the hypothetic surface protein MHP7448_0612 from M. hyopneumoniae 
(MHP612) was chosen for immunological evaluation in mouse model, due 
to its exposure to the porcine immune system and possible immunogenicity. 
The corresponding coding sequence was cloned into a pGEX expression 
vector (pGEX-4T3) and transformed into both E. coli strains. The 
recombinant protein produced in E. coli BL21 StarTM (DE3) and treated or 
not for LPS removal (MHP612/LPS- and MHP612/LPS, respectively), and 
the one produced in the ClearColiTM BL21(DE3) strain, also treated or not 
for mLPS removal (MHP612/mLPS- and MHP612/mLPS) will now be used 
to immunize mice an assess the elicited humoral immune response. The 
cellular immune response will be assessed in vitro, in assays with mouse 
splenocytes stimulated with the same purified recombinant proteins, treated 
or not for LPS or mLPS removal. The contribution of mLPS to the elicited 
immune response upon immunization/stimulation with the recombinant 
protein will be quantified and the results will help to decide whether E. 
coli ClearColiTM BL21(DE3) is a viable alternative for LPS-free recombinant 
antigen production in comparison to traditional LPS removal protocols.
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Molecular biology tests, such as the PCR, have a great importance for the 
diagnosis of M. pneumoniae infections. The diagnostic is fast, specific and 
sensitive, however the choice of the primers to be utilized is extremely 
important. The aim of this study was to analyze a pair of primers described 
previously and largely used for the detection of M. pneumoniae P1 adhesin 
gene and design of a pair of primers that fits to better performance 
characteristics. The “Mycoplasma pneumoniae P1 cytadhesin (P1) gene, 
complete cds” (GenBank: AF286371.7) was acquired for analysis in the 
Primer Select software. The software analysis indicated that the original 
primer set has an important difference between the melting temperatures 
(dTm = 13.9oC), high probability of dimers formation (energy of -9.9 kc/m), 
and important difference of the C+G content between primers (57.1% and 
42.9%). After analysis with Primer Blast Software, a dismatch of 2 bp was 
observed for some strain sequences. For the design of the newly proposed 
primers, all the available sequences related to the P1 gene were imported 
and added to the BioEdit software to observe conserved sequences by 
alignment. A preserved area was detected in the positions 198 to 742 and 
1620 bp to 2135 bp, with presence of SNPs in positions 313, 693 and 1857 
bp. After analysis of the proposed primers with the Primer Select software, 
one pair presented all the desired characteristic such as: size between 18 
to 24 bp, similar Tm (dTm = 1,5oC), C+G content close to 50% (54,5% and 
54.2%), product size between 100 to 400 bp (358 bp), acceptable energy for 

dimers formation (-3.4 kc/m), that indicates theoretical stability. After search 
in the GenBank database, it was observed that the new primers anneal only 
to sequences related to the M. pneumoniae P1 adhesin gene, what ensured 
the desired specificity. In silico, the new set of proposed primers presented 
characteristics that suggest better performance compared to the most 
utilized pair of primers. Its analytical and diagnostic performance in clinical 
samples are being value in our laboratory.
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Sialidase knockout in Mycoplasma canis by an 
insertion sequence from Mycoplasma cynos
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Mycoplasma canis infects many mammalian hosts but is best known as 
a commensal or opportunistic pathogen of dogs. Most strains of M. canis 
secrete a form of sialidase thought to modulate cytadherence, transmission 
and possibly host cell injury, but the atypical strain LV lacks any detectable 
sialidase activity. The genetic basis of that phenotype was determined 
through whole-genome sequencing. A 1.9 kb gap remaining after Illumina 
GAIIx paired-end read assembly using the M. canis strain PG14T genome 
for reference suggested the presence of an insertion in the sialidase ORF 
of strain LV. This region was highly recalcitrant to closure, but PCR-based 
Sanger sequencing eventually showed it consists of an insertion sequence 
(IS) encoding a 509 aa isoform of streptococcal IS1202-group transposase 
(blastp = 2e-16) flanked by perfect 90 nt direct repeats, one of which occurs 
also in the wildtype sialidase ORF of PG14T and other strains of M. canis. 
The insertion introduces multiple premature stop codons into the sialidase 
ORF. Multiple stem-loops flanking the nested transposase ORF explain the 
difficulties in sequencing and assembly of the region. The IS did not alter 
the effects of strain LV on canine MDCK epithelial or DH82 histiocyte cells 
or capacity to colonize in vitro. The transposase has regions of very high 
similarity (blastp 1e-48 to 4e-91) to two series of short predicted ORFs, 
MYCN0660-0662 and MYCN0767-0769, in the genome of the canine 
pathogen Mycoplasma cynos strain C142. M. cynos strain H-831T (ATCC 
27544) was also PCR-positive for the transposase, whereas 10 other isolates 
of M. canis and Mycoplasma edwardii strain PG24T (ATCC 23462) were 
negative, evidence that the sialidase-negative phenotype of M. canis strain 
LV results from knockout by an IS acquired naturally from M. cynos. LV and 
other strains of M. canis resisted artificial transformation with staphylococcal 
IS256-based vectors under a multitude of PEG, lipofectin, lipofectamine, and 
electroporation conditions, but may be amenable to transformation with 
IS1202-based constructs.
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Mycoplasma hyorhinis strain DBS 1050 belongs to cultivar α which cannot 
be cultivated on conventional cell-free media commonly used to grow 
mycoplasmas including type strain of M. hyorhinis, BTS-7. It was shown 
that non-cultivable cultivar α strains are sensitive to some growth-inhibiting 
factors present in employed bacteriologic media. However, these strains 
efficiently grow in various cell and tissue cultures. Although about 60% of 
M. hyorhinis strains detected in mycoplasma infected cell lines belong to 
cultivar α, no one genome from this group was sequenced yet.
M. hyorhinis strain DBS 1050 (clonal isolate 3T-6, ATCC® 29052) was co-
cultured with Vero cells and isolated from the supernatant by subsequent 
centrifugation and filtration. Sequencing of a shotgun library prepared from 
DBS1050 genomic DNA was carried out using the GS FLX Titanium 454 
platform. The resulting 117,624 sequence reads provided 47 × coverage 
of the mycoplasma genome. About 99.95% of the reads were assembled 
into a single DNA molecule by using Hexagon assembler at HIVE portal 
(FDA, Rockville, MD, USA).  The resulting genome was auto-annotated via 
the Institute for Genome Sciences Annotation Engine (IGS, University of 
Maryland School of Medicine, Baltimore, MD, USA). Each gene was manually 
curated by using the web-based Manatee annotation tool.
 The complete genome of M. hyorhinis DBS 1050 consists of a circular 
chromosome of 837,447 bp with an overall G + C content of 25.9%. The 
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genome contains 782 genes, of which 737 are coding sequences, 33 are 
RNA genes, and 12 are pseudogenes. Among 737 potential protein-encoding 
genes, 64.1% encode proteins with assigned functional role categories, 
15.1% encode proteins with domain or family assignments, 8.4% encode 
hypothetical proteins with no significant sequence similarity to the other 
proteins, and 12.2% encode conserved hypothetical proteins with similarity 
to the other hypothetical proteins. The genome contains a single copy of 
the 5S rRNA gene separated from the 16S-23S rRNA operon. Two copies 
of the full-length IS 1221 transposase gene, described previously, as well 
as 20 degenerate copies of this gene with multiple frame shift mutations 
are mapped in the same locations previously determined in genome of M. 
hyorhinis strain GDL-1. The variable lipoprotein (vlp) locus is represented by 
six vlp-genes divided by two degenerate IS elements arranged in the order 
5’vlpD – vlpE – vlpF – IS – vlpA – IS – vlpB – vlpC 3’.
The genome sequence of M. hyorhinis DBS 1050 has been deposited in 
GenBank under the accession number CP006849.
To identify the possible genetic determinants of cultivar α fastidiousness, 
a comparative genomic and proteomic analyses of cultivable and non-
cultivable M. hyorhinis strains will be performed in the future.
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Mycoplasma hominis is a human pathogenic mycoplasma responsible for 
genital infections as well as extra-genital and neonatal infections. To date 
M. hominis is genetically intractable and does not have well-developed 
genetics tools. The cloning of other mycoplasma genomes in yeast suggests 
that whole genome cloning could be valuable for engineering genetically 
intractable organisms, using standard yeast genetic tools. Genome 
transplantation would then allow the introduction of a genome modified in 
yeast back into its cellular environment to produce M. hominis mutants. Here 
we report the cloning of the natural genome of M. hominis PG21 as a yeast 
circular centromeric plasmid in Saccharomyces cerevisiae W303a. We used 
the Transformation-Associated Recombination (TAR) cloning method that 
required 3 partners: the linearized M. hominis PG21 whole genome, a yeast 
TAR shuttle vector containing M. hominis specific sequences at its ends and 
the yeast host S. cerevisiae. M. hominis PG21 genomic DNA was linearized 
with AscI, which lay at the essential Arg-tRNA coding sequence. The TAR-
cloning vector was produced by PCR using pMT85-PStetM-pRS313 as a 
template and primers containing 20 bases identical to the vector sequence, 
and 60 bases overhangs identical to the region flanking the AscI insertion 
site in the M. hominis PG21 genome. Seven bases were added to the 
forward primer to preserve the integrity of the Arg-tRNA gene. To favor yeast 
transformation rate, the S. cerevisiae spheroplasts were cotransformed with 
various TAR-vector to M. hominis genome DNA ratio. Mycoplasma genomes 
cloned into yeast were screened for completeness by multiplex PCR with 
10 primers pairs. Pulse-field gel electrophoresis was used for sizing of full 
genomes cloned in yeast. We have cloned the genome of M. hominis PG21 in 
S. cerevisiae as a yeast centromeric plasmid. Cloned genome can be readily 
manipulated in yeast using standard genetic tools to create any combination 
of modifications in the bacterial genome. Once modified, the engineered 
genome could be transplanted into M. hominis if we succeed in developing a 
transformation method for this microorganism.
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Abstract: Only recently has horizontal gene transfer (HGT) been recognized 
as a major driving force in mycoplasma evolution. A number of mycoplasma 
genomes contain integrative and conjugative elements (ICEs), which have 
been suggested to be key mediators of HGT. However, the mechanism 
underlying transfer of ICEs in mycoplasmas remains poorly understood. 

Mycoplasma ICEs contain several conserved genes and are flanked by 
short inverted repeats. A shuttle plasmid containing a minimal version 
of the element ICEA-I from the ICE-positive M. agalactiae strain 5632 
was constructed in Escherichia coli and introduced into the ICE-negative 
M. agalactiae strain PG2. Excision from the plasmid and integration into 
the chromosome was observed in PG2 transformants. CDS22 was found 
to encode a functional ICEA-I excisionase and integrase in the presence of 
the inverted repeats. The ICEA-I sequences required for these events were 
characterized by site-directed mutagenesis. Our findings may help to better 
understand the role of conserved genes in other mycoplasma ICEs and 
develop a new generation of molecular tools for the genetic manipulation 
of mollicutes.
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The “Mycoplasma mycoides” cluster comprises five species/subspecies, 
all pathogenic for ruminants: Mycoplasma mycoides subsp. mycoides 
(Mmm“SC”), M. mycoides subsp. capri (Mmc), which includes the “LC” and 
“capri” serovars, M. capricolum subsp. capricolum (Mcc), M. capricolum 
subsp. capripneumoniae (Mccp) and M. leachii. Mmm and Mccp, are 
the causative agents of two major diseases and are known to secrete 
capsular polysaccharides (CPS) and free exopolysaccharides (EPS). These 
mycoplasmas do not possess any of the classical virulence factors found 
in other bacteria. However, previous studies have strongly suggested 
an implication of Mmm polysaccharides in pathogenicity. Because 
mycoplasmas require rich, complex media for growth, the characterization 
of these polysaccharides was difficult and former studies targeted the 
CPS. Recently, the EPS secreted by Mmm was purified by incubation of 
mycoplasma cells in a defined medium, allowing its characterization as a 
b-(1-6) galactofuranose homopolymer (galactan) identical to the capsular 
product. The objective of this study was to characterize the polysaccharides 
secreted by all other members of the cluster and to analyze their biosynthetic 
pathways. EPS extracts were analyzed by nuclear magnetic resonance and 
monoclonal antibodies recognizing the polysaccharides were used to detect 
the production of the corresponding CPS among cluster members. Within 
Mmc, strains corresponding to the «LC» serovar produced only a CPS, while 
strains of the “capri” serovar did not produce any detectable product. Mcc 
strains were very heterogeneous regarding polysaccharide production and 
localization. The genes associated to polysaccharide biosynthesis were 
identified in the five species/subspecies and the putative pathways were 
in agreement with the respective polysaccharide secretion. In addition, 
phylogenetic analyses were performed to unravel the genomic evolution 
of these pathways. Our results pave the way for easier studies of the host-
pathogen interactions as well as a better understanding of the possible 
cross-reactions observed with other mycoplasma species.
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Background: The phylogeny of Mycoplasmas is based on 16S rRNA gene 
sequence analysis. However the Mycoplasma (M.) mycoides cluster shows 
great similarity between the different species belonging to this cluster. 
Classic M. mycoides cluster includes five closely mycoplasmas, which cause 
diseases in ruminants, which share many genotypic and phenotypic traits: M. 
mycoides subsp. mycoides Small Colony type (MmmSC), M. mycoides  subsp.  
capri (Mmc), M. capricolum subsp. capricolum (Mcc), M. capricolum subsp. 
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capripneumoniae (Mccp) and M. leachii. M. putrefaciens (Mp), M. cottewii 
(Mc) and M. yeatsii (My) were included within this cluster after the analysis of 
the 16S rRNA gene sequences. The 23S rRNA gene is a valuable taxonomic 
support for the classical taxonomy based on 16S rRNA gene. Methods: In 
this study the complete sequence of the 23S rRNA gene was determinate for 
the type strains of the mycoplasmas mention above, plus the Y-goat strain 
(Mmc). For that six PCRs were required, from those mycoplasmas belonging 
to the M. mycoides cluster. The analysis of the sequences was used to build 
a phylogenetic tree. Moreover this tree was compared with the phylogenetic 
tree based on the 16S rRNA gene. Results: The length of this gene for the 
different species has a mean of 2891 bp. In terms of the 23S rDNA % 
similarity for these species, the lowest similarity was 95.2% for Mccp-Mp 
and Mp-MmmSC, on the other hand the highest similarity was 99.6% for the 
two Mmc strains and Mc-My . Phylogenetic tree based on the 23S rDNA was 
similar to the one obtained with the 16SrDNA. Conclusions: The 23S rRNA 
could be a useful complementary phylogenetic marker for investigating the 
evolutionary relationships among mycoplasma species.
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Mycoplasma hyopneumoniae, Mycoplasma flocculare and Mycoplasma 
hyorhinis are the most important mycoplasmas species that have been 
identified in porcine respiratory systems. Although gene organization 
and regulation are well known in many prokaryotic organisms, 
mycoplasma knowledge is limited. We intend to understand the gene 
organization of these bacteria and also to relate gene organization 
to transcription regulatory mechanisms. We demonstrated that in M. 
hyopneumoniae the transcription occurs in “run-on”, where the large TUs 
(Transcriptional Units) are continuously transcribed until reaching the next TU 
or ORF present in the opposite strand. The overall ORF distribution within the 
TUs is highly variable with respect to the number of ORFs and the functional 
categories of the encoded products. A promoter matrix species-specific 
was development for M. hyopneumoniae 7448 genome and promoter 
sequences were detected and experimentally demonstrated in all TUs and 
monocistronic genes indicating that all the TUs are preceded by promoter 
sequences and providing evidence for functional gene organization in the M. 
hyopneumoniae genome. Genomic comparison revealed high synteny and 
conservation of gene order between the TUs defined for 7448, 232, 7422 
and J M. hyopneumoniae strains. Moreover, the TU composition, organization 
and localization in the genomes of M. flocculare (ATCC 27716) and M. 
hyorhinis (HUB-1) were analyzed. In these species the gene organization also 
occur preferably in TUs as found in M. hyopneumoniae. A detailed analysis of 
the organization of each TU demonstrated a high level (80% approximately) 
of conservation between the M. flocculare (nonpathogenic species) and M. 
hyopneumoniae TUs. Around 50% of M. hyorhinis TUs display total or partial 
conserved gene distribution in relationship to M. hyopneumoniae. These data 
further increasing the knowledge of gene organization and transcription 
initiation in Mycoplasmas, besides suggest complex transcriptional 
organization and the probability occurrence of other mechanisms not yet 
known that are involved in transcription.
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A new family of self-transmissible integrative elements, ICEA, was identified 
in the genome of M. agalactiae strain 5632 that confers conjugative 
properties to this species. The genome of strain 5632 contains three, 
almost identical, copies of an ICEA (27 Kb). ICEA transfer from 5632 to ICEA-

negative cells, such as strain PG2, occurs via a transpositional mechanism 
that results in its random integration in the chromosome of the recipient 
cells. Transposon mutagenesis in 5632 indentified three categories of ICEA 
mutants. One category included mutants with transposon insertion events 
at dispensable ICEA regions. Another category included mutants that 
have lost their capacity to conjugate, unless complemented either by DNA 
constructs or by additional ICEA copies such as in 5632. Remarkably, no 
ICEA movement was detected in a third group of ICEA mutants, even when 
multiple chromosomal ICEA copies were present in the same cell. In these 
mutants, a single knock-out ICEA copy can have a dominant negative effect 
on other ICEA elements sharing the same chromosome. Interestingly, several 
of these mutants were characterized by transposon inserted at different 
region of CDS5, an ICEA-encoded TraG-like protein with similarity to T4SS 
VirD4 components. Studies are in progress to determine the role of CDS5 in 
ICEA transfer, but the dominant negative effect suggests complex functional 
interactions among ICEA elements, and raises questions regarding the 
evolution of these elements when occurring in the same cell.
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Mycoplasma bovis is a major bovine pathogen with direct involvement in 
the bovine respiratory disease complex and it is responsible for substantial 
economic losses worldwide. In addition, M. bovis is associated with other 
clinical presentations in cattle including mastitis, otitis, arthritis and 
reproductive disorders. In order to gain a better understanding of the genetic 
diversity of this pathogen we developed a multilocus sequence typing (MLST) 
scheme that was applied to the analysis of 137 M. bovis field isolates of 
diverse geographical origins obtained from healthy and clinical infected 
cattle. After in silico analysis, a final set of 7 housekeeping genes comprising 
of dnaA, metS, recA, tufA, atpA, rpoD and tkt were selected for this scheme. 
A total of 35 different sequence types (STs) were described with the presence 
of two main clonal complexes (CC) observed at the double locus variant 
(DLV) level, CC1, which included most of the British and German isolates 
and CC2 formed by a more heterogeneous and geographically distant group 
of samples including European, Asian and Australian isolates. In addition, 
the index of association analysis confirmed the clonal nature of the M. bovis 
population. Overall, this scheme demonstrated high discriminatory power 
and represents the first comprehensive MLST typing scheme for the analysis 
of M. bovis. Analysis showed the clear presence of genetically distant and 
divergent clusters of isolates which were strongly associated with their 
geographical origin.
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Mycoplasma meleagridis is a pathogen of turkeys that causes embryo 
mortality, skeletal abnormalities and poor growth performance in the 
infected progeny. Despite the fact that the pathogenic potential of M. 
meleagridis in poultry is very high, it remains the only avian Mycoplasma 
species whose sequence has not yet been determined. Herein, we report 
the complete sequence and initial analysis of the M. meleagridis genome. 
The genome sequencing of M. meleagridis ATCC 25294 strain was achieved 
using a MiSeq sequencer and by combining mate pair and paired-end 
libraries. A de novo assembly was performed using CLC and ABySS softwares, 
resulting in 27 contigs organized in 7 scaffolds. The genome annotation was 
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automatically fulfilled with Rapid Annotation using Subsystem Technology. 
The genome size of M. meleagridis ATCC 25294 strain was 632,186 base 
pairs with 25,94 % G+C content. A total of 512 putative coding sequences 
(CDSs) was identified, representing 91,64 % coding density. Functions were 
predicted for 352 CDSs, whereas 160 remained as encoding hypothetical 
proteins. M. meleagridis genome contains 4 rRNA genes and 33 tRNAs. 
Phylogenic analysis has confirmed the affiliation of M. meleagridis to the 
Hominis Group. Moreover, the identification of an arginine dihydrolase 
pathway is in agreement with the ability of this species to use arginine for 
energy metabolism. The availability of the complete genome sequence of M. 
meleagridis and its full analysis should lead to a better understanding of its 
biology and to the development of more effective prevention and treatment 
strategies.
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Ureaplasma parvum (Up) and Ureaplasma urealyticum (Uu) are common 
colonizers of human urogenital tracts that are also associated with invasive 
infections such as chorioamnionitis, non-gonococcal urethritis and neonatal 
lung infection in some populations. Mechanisms of how these organisms 
exhibit differential pathogenicity are still unknown. We carried out an 
RNA-Seq study to examine the whole host transcriptome changes upon 
Up and Uu infection in a normal human vaginal epithelial cell line, VK2/
E6E7. A total of 6 x 105 cells were infected with Up or Uu for 24 hrs at a 
multiplicity of infection (MOI) ratio of 100. Total cell RNA was prepared and 
ribosomal RNA was depleted before library construction. RNA-sequencing 
was performed on an Illumina HiSeq2000. Significant changes in transcript 
expression, splicing and promoter use were identified and genes that 
met certain criteria (fold change ≥ ±2.0 and q-value < 0.05) were further 
analyzed using Ingenuity’s Pathway Analysis tool. Up infection caused 1178 
transcripts to be differentially expressed (fold change ≥ ±2.0 and p < 0.05) 
and the number for Uu was 1498. These differentially expressed transcripts 
were mainly associated with reproductive system diseases, organism injury 
and abnormalities, cell cycle, cellular assembly and organization, and 
cancer in both Up and Uu infection. Although changes of IL-17A pathways, 
glucocorticoid receptor signaling, ATM signaling and iNOS signaling were 
found in both infections,  the major canonical pathways involved in response 
to Up and Uu infections were different in that Uu infection was more 
associated with down-regulated oxidative stress responses and the apoptotic 
process. Interestingly, Up infection led to down-regulation of a broad range of 
heat shock proteins, including Hsp90, four Hsp70 isoforms and several small 
heat shock proteins, that play an important role in cell stress responses. 
Uu infection also down- regulated Hsp70 isoforms and small heat shock 
proteins, but not Hsp90. There were 61 and 81 non-coding RNAs identified 
as differentially expressed in Up and Uu infections, respectively. The roles 
of these non-coding RNAs are to be further examined. Overall, these results 
indicate that the two Ureaplasma spp. induce different host responses in 
ways that may be related to their differential pathogenicity.
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Mycoplasma arginini was first isolated in 1968 and subsequent studies 
indicated that it has a broad range of animal hosts, including mouse, 
sheep, goat, cattle, pig, cats, chamois, camel, and monkey. It is generally 
considered a non-pathogenic colonizer in animals. Two M. arginini genomes 
have been published recently featuring strains isolated from cattle and 
mouse. Although little is known about the pathogenicity of M. arginini in 
humans, there have been 4 cases reported in humans involving serious or 
fatal infection in immunocompromised or previous healthy patients that 
may have contacted animals. The UAB Diagnostic Mycoplasma Laboratory 
recovered three M. arginini isolates from synovial fluid and lymph node from 
a patient at the University of Iowa Hospital in 2005. We then sequenced 
the whole genome of isolate 51226 by Illumina MiSeq.  Early results from 

a de-novo assembly indicate a highly rearranged genome with substantial 
differences compared to the reference Mycoplasma arginini genome from 
cattle (RefSeq: NZ_AORG00000000.1), including 6670 SNPs and 360 
indels. The putative assembly size is also 54kb larger than the reference 
strain at 669kb, but with a similar GC content at (26%). Current efforts are 
focused on completing the genome sequence and annotating it. The obvious 
differences between strains from human and animal may indicate specific 
host adaptations and divergent evolution of M. arginini strains.
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Mycoplasma bovis is a pathogen of cattle which is implicated in broad 
spectrum of diseases including mastitis, pneumonia, arthritis and less 
frequently keratokonjunctivitis, meningitis, subcutaneous abscesses, middle 
ear- and genital tract infections. Recent publications of whole genome 
sequences of the type strain of M. bovis, PG45 and two Chinese field 
isolates have established basis for intra-species comparative genomics to 
facilitate understanding of the pathogenic mechanisms and reconstruction 
of the evolutionary history of the organism. Here we report whole genome 
sequencing of four Danish field isolates of M. bovis and preliminary 
comparative analysis of the Danish isolates to the type strain PG45. M. 
bovis isolates from joint (MB_116/11), udder (MB_121/11) and lungs 
(MB_228/11 and MB_230/11) were obtained from four different cattle 
herds located in the radius of 30 km during October and December 2011. 
Genome sequencing was performed on an Ion Torrent PGM sequencer (Life 
Technology). Barcoded genomic libraries were prepared by using Ion Xpress 
Plus fragment library kit and amplified by using Ion PGM Template 200 OT2 
kit according to manufacturer’s instruction. Subsequently the templates 
were loaded onto an Ion 318 chip and sequenced by using an Ion PGM 
200 Sequencing kit according to the user guide. The raw sequence reads 
extracted from the Ion torrent server were subjected to base pair quality 
check using FastQC, after which sequence reads were mapped to reference 
genome (type strain PG45) using Burrows-Wheeler aligner. The assembled 
contigs were then used to obtain the  whole genome consensus sequences. 
Multiple whole genome alignments were performed using Mauve and 
analyzed with Geneious software package while genome annotations 
were carried out using Xbase web server. Compared to PG45, genomes 
of MB_116/11, MB_121/11, MB_228/11 and MB_230/11 showed size 
reduction by 32, 34, 36.9 and 15.2 kbp and contained 721, 719, 720 and 
736 open reading frames, respectively of which 192 were common for all 
strains. No difference in the G+C content, number of tRNA and rRNA genes 
was found between the field strains and PG45. A large 37.4 kbp integrative 
conjungative element (ICEB-2) of PG45 was lacking in MB_116/11, MB_121 
and MB_228/11 which accounts for the genome size differences observed. 
Vsp gene clusters were present in all Danish field isolates, but there were 
substantial variations in both the number and sequence identities of 
individual Vsp-related ORFs with respect to PG45. A high number of mobile 
elements and single nucleotide polymorphisms, were found dispersed 
throughout the genome of all Danish isolates. These preliminary data are 
in concordance with previously reported extraordinary genome plasticity of 
M. bovis although further analysis is needed to fully assess the biological 
significance of the observed variations.
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Contagious bovine pleuropneumonia (CBPP) caused by Mycoplasma 
mycoides subsp. mycoides (Mmm) is one of the most important livestock 
diseases in sub-Saharan Africa. CBPP impacts health and poverty of livestock-
dependent people through decreased animal productivity, reduced food 
supply, and the cost of control measures. To date, a long-lasting protective 
immune response could not be induced with the live vaccine, and our 
hypothesis is that carbohydrates play an essential role in pathogenesis and 
immune evasion. We are therefore investigating the role of the Mycoplasma 
capsule by mutagenesis of genes encoding proteins involved in capsule 



20th Congress of the International Organization for Mycoplasmology - IOM 71

POSTER SESSION II

biosynthesis. The in silico analysis of Mycoplasma mycoides genomes 
revealed a set of conserved genes such as glycosyltransferases and glf, UDP-
galactopyranose mutase, involved in polysaccharide biosynthesis. The gene 
glf had a full length and truncated gene variants in the genomes of PG1 and 
Gladysdale. By using an E. coli based complementation assay we identified 
potential functional genes. Additionally, we deleted the gene glf in the closely 
related pathogen M. mycoides subsp. capri GM12 using synthetic biology 
tools such as genome transplantation. We have been able to demonstrate 
that glf knock out mutants have an impaired cell membrane. Moreover the 
knock out strain grows slower compared to wild type strains. Future analysis 
will focus on the role of polysaccharides in host pathogen interactions using 
in vitro cell culture assays.
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Flavescence Dorée (FD) is a severe epidemic grapevine yellows declared 
as a quarantine disease in the European Community. Despite mandatory 
regulations for control and eradication, the disease continues to spread in 
Southern and Eastern Europe. For countries, where the socio-economic and 
cultural impacts of wine industry are of primary importance, the disease 
represents an important issue. The disease has been associated with the 
Flavescence Dorée phytoplasma (FD-p), a non-cultivable bacterium, which is 
transmitted to Vitis vinifera (grapevine) by the sap-feeding ampelophageous 
leafhopper Scaphoideus titanus. As for other phytoplasmas species, the main 
difficulty to identify candidate genes that could be involved in pathogenicity 
and/or transmission by insects remains the lack of an efficient axenic 
culture method. As synthetic biology methods have been developed with 
success with other Mollicutes, there is the obvious possibility to try to extend 
these tools to phytoplasmas, including FD-p. One of these methods is the 
cloning of complete mycoplasma genome in yeast which offers possibility 
of genome engineering using the large palette of genetic methods available 
in Saccharomyces cerevisiae. Until now, only genomes from cultivated 
Mollicutes have been cloned in yeast. Our goal was to try to recover intact 
FD-p genomes from infected plants to clone it as parts or better, as a whole in 
yeast. To obtain reasonable amount of phytoplasma DNA, FD-p strain FD92 
was propagated in broad bean via serial transmission with the experimental 
vector Euscelidius variegatus. Plants extracts were then embedded in 
agarose plugs for chromosome isolation. All preparations contained intact 
FD-p genomes in sufficient amount to transform yeast.  However, samples 
were always contaminated with host plant DNA and were often refractory 
to restriction enzyme digestion. This was the case with all the enzymes 
predicted to hydrolyze FD-p genome at unique restriction site. Among 
the restriction enzymes digesting the FD-p genome two or three times, 
several of them produced partial digestion of FD-p genome. However, FD-p 
genome purified in agarose plugs was successfully hydrolyzed with BssHII 
(2 sites) or MluI (3 sites). The resulting restricted products were used for 
the co-transformation of S. cerevisiae with specific yeast vectors using the 
Transformation-Associated Recombination (TAR) cloning method. Yeast 
clones multiplying some of these FD-p genome fragments were isolated and 
characterized. Around 30% of the FD-p genome is currently cloned in yeast.
                                                                                                                                                                                                    
170
The use of sec A, gyr A and gry B genes for 
characterization of sugarcane grassy shoot 
phytoplasmas

A. K. Tiwari1, MadhuPriya2, G. P. Rao2

1 Central Lab, UP Council of Sugarcane Research, Shahjahanpur-242001, 
UP, india; 2 Division Plant Pathology,  

Indian Agricultural Research Institute, New Delhi 1100 
Phone: , Fax: , Email: ajay_biotech2005@rediffmail.com

Sugarcane grassy shoot (SCGS) is one of the most important diseases of 
sugarcane in Indian subcontinent. The disease is particularly pronounced in 
the ratoon crop where the tiller proliferates with small erect leaves and finally 
give the appearance of a perennial grass, causing up to 100 per cent yield 
losses. Since the diseased plants exhibit various phenotypic symptoms under 
field conditions, very often the diagnosis of the disease becomes difficult. 
The association of various symptoms in SCGS-infected plants also led to the 
hypothesis that multiples strains of sugarcane phytoplasma were infecting 

the sugarcane crop in India. Phylogeny analysis of over 100 SCGS isolates 
in India showed that they shared more than 99% sequence identity among 
themselves and 97 to 99% identity with those of other phytoplasmas in the 
RYD 16S-group. Till date, 16Sr genes have been utilized for identification of 
grassy shoot phytoplasma. Expectedly, no significant variability among 16S 
rRNA gene sequences has been noticed so far.  The significant variations 
in phenotypic expression of SCGS phytoplasmas on sugarcane could not be 
explained adequately. To further address this issue as well as to improve 
detection and taxonomic classification of SCGS phytoplasma beyond 
subgroup level, specific primers for PCR based detection of phytoplasma 
by utilizing three  specific genes were designed and validated. In the 
present study primer for genes such as secA; gryA and gyrB were explored. 
Amplification of fragments containing phytoplasma gyrA, gyr B and secA 
gene sequences were designed to amplify the respective genes in sugarcane 
grassy shoot phytoplasma.  Following amplification with these primers, 
expected length amplicon of 1.4kb, 1.5kb and 0.496 kb of partial gyrA, gyr 
B and SecA genes, were obtained, respectively, confirming specificity of the 
PCR systems employed to the test SCGS phytoplasmas in SCGS samples. 
These genes sequences were found to be more discriminatory than the 
16SrDNA since it yielded better resolution between the different groups, 
and is more reliable. Further analysis of SCGS isolates with these genes and 
RFLP analyses it would be possible to confirm further finer differentiation 
among existing SCGS isolates and sub-group specific diagnostics for the 
grassy shoot disease affecting sugarcane crops in India.
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Turnera ulmifolia, the yellow alder, is a widely distributed species in Brazil 
where, besides ornamental, it is used for its medicinal properties. Plants of T. 
ulmifolia exhibiting witches’ broom growths and yellowing, that are symptoms 
typically associated with phytoplasma presence, have been observed in the 
location of Penedo, state of Rio de Janeiro. Symptomatic samples from T. 
ulmifolia were collected and after total nucleic acid extraction, universal 
primer pairs were used to prime amplification of phytoplasma 16S rDNA 
sequences, spacer region and beginning of the 23S rDNA. Expected length 
amplicons of 1.5 kb (F1/B6 primers) and 1.2 kb (R16F2/R2 primers) were 
obtained from all symptomatic samples tested after nested PCR on P1/
P7 amplicons. RFLP analyses were carried out with Tru1I on F1/B6 and 
R16F2/R2 amplicons; and with TaqI, and AluI  on R16F2/R2 amplicons. 
RFLP patterns were compared with those of phytoplasma reference strains 
on same size amplicons and allow to identify the detected phytoplasmas 
as belonging to ribosomal group 16SrXIII. Additional amplifications for 
molecular characterization of T. ulmifolia phytoplasmas, with primers rp(I)F1/
rp(I)R1A amplifying rplV (rpl22) and rpsC (rps3) genes were then performed. 
The amplification of this gene resulted in the expected 1.2 kb amplicons and 
the RFLP profile obtained after Tru1I digestion was clearly different from any 
of those available in the literature for the same gene, indicating that this 
phytoplasma may represent a new strain in 16SrXIII group.
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Mycoplasma hyopneumoniae is the primary etiological agent of enzootic 
pneumonia in swine. Lipid-associated membrane proteins (LAMP) of 
mycoplasma are the main pathogenicity factors in mycoplasma diseases. In 
this study, we investigated the effects of M. hyopneumoniae LAMP on porcine 
alveolar macrophage (PAM) 3D4/21 cell line. Apoptotic features, such as 
chromatin condensation and apoptotic bodies, were observed in LAMP-treated 
PAM 3D4/21 cells by DAPI staining. Moreover, LAMP significantly increased 
the number of TUNEL positive apoptotic cells in PAM 3D4/21 cells compared 
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with the untreated control. In addition, flow cytometric analysis using dual 
staining with annexin-V-FITC and propidium iodide (PI) showed that LAMP 
of M. hyopneumoniae induced a time-dependent apoptosis in PAM 3D4/21 
cells. Moreover, increased levels of superoxide anion production and activated 
caspase-3 in PAM 3D4/21 cells were observed after exposure to LAMP using 
a superoxide assay kit and a caspase-3 activity assay kit. Increased production 
of nitric oxide (NO) was also confirmed in the cell supernatants using Griess 
reagent. Besides, apoptotic rates increase and caspase-3 activation were 
suppressed by NOS inhibitor or antioxidant. It is suggested that LAMP of M. 
hyopneumoniae induced apoptosis in porcine alveolar macrophage via NO 
production, superoxide anion production, and caspase-3 activation.
Correspondence to: Dr. Guo.Qing Shao, E-mail: gqshaonj@163.com
Suported by: National Natural Science Foundation of China (Project 
No.31100135); Fund for Independent Innovation of Agricultural Sciences 
in Jiangsu Province of China (Project no. CX(11)4038)
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Mycoplasma hyorhinis and Mycoplasma hyopneumoniae are two important 
porcine pathogens. M. hyopneumoniae is considered as the classic etiological 
agent of enzootic pneumonia in pigs and one of the main bacterial pathogens 
in porcine respiratory disease. M. hyorhinis frequently occurs in the upper 
respiratory tract and is also linked to cases of polyserositis, otitis and arthritis in 
pigs. However, increasing clinical and epidemiological evidence demonstrates 
that M. hyorhinis is a major causative organism in the porcine respiratory 
disease complex. Although it has been described as a primary cause of 
pneumonia in pigs, there is limited knowledge about the mechanisms involved 
in the pathogenesis of respiratory infections caused by M. hyorhinis and its 
possible interaction with M. hyopneumoniae. To address this 20 piglets in four 
different groups were infected as follows: group A: negative control; group 
B: M. hyorhinis infected group; group C: M. hyopneumoniae infected group; 
group C: M. hyorhinis and M. hyopneumoniae dual infected group. PBMCs 
were obtained on days 0, 14 and 28 post infection (PI). Cells from mediastinal 
lymph nodes and BAL were obtained at 28 days PI. Cells were then triple 
stained with mAbs against porcine CD3, CD4 and CD8 for identification of 
T-cell subpopulations and SWC1, CD172a and SWC8 for identification of 
leukocyte populations by flow cytometry. Relative variation in the cell counts 
was observed between groups, with a statistically significant difference 
only observed in the number of NK cells (CD3-CD4-CD8+) between group B 
and group D. Overall the immunophenotyping of cell populations using flow 
cytometry was shown to be a useful technique to supplement the information 
obtained after mycoplasma infections in pigs and should be considered as 
valuable tool in the study of mycoplasma pathogenesis.
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Persistence and chronicity are common attributes of Mycoplasma agalactiae 
(MA) infections in small ruminants. Despite antibiotic treatment, both the 
diseased and asymptomatic animals continue to shed the pathogen for very 
long periods of time, sometimes lasting several years. However, the strategies 
employed by MA to survive and spread within an immunocompetent host are 
largely unknown. The current study demonstrates for the first time MA’s ability 
to invade, thrive within and lyse eukaryotic host cells as a potential strategy 

for its survival, spread and persistence. Intracellular residence was clearly 
observed in HeLa and ruminant cell lines, such as BEND (Bovine Endometrium) 
and BLF (Buffalo Lung Fibroblast) using double immunofluorescence staining, 
whereas gentamicin invasion assay (GIA) provided a quantitative estimate of 
invasion frequencies. Furthermore, fate of invaded mycoplasmas after entry 
into eukaryotic cells was followed during time course infection and invasion 
studies using GIA and LDH assay, the latter measuring cell lysis in terms of 
release of cytosolic lactate dehydrogenase in culture supernatants. Results 
revealed a time and dose dependent cell lysis of eukaryotic cells by MA. At 24 
h p.i. moderate cell lysis of about 8% was seen at the maximum MOI, whereas 
at 48 h p.i. a statistically significant increase in cell lysis was observed at all the 
tested MOIs (P < 0.05) compared to uninfected epithelial cells. These results 
point towards the fact that intracellular MA are capable of lysing the host cell 
and are released into the extracellular medium in a viable state, where they 
can multiply and reinfect new host cells. Since cell invasion is believed to play a 
major role in the systemic spreading of many successful bacterial pathogens, 
we tried to evaluate our in vitro findings in an experimental intramammary 
sheep infection study where MA was successfully reisolated from inner organs 
and host niches distant from the site of initial infection. Presence of MA in 
distant niches, such as knees, spleen, brain and lungs was further attested 
by PCR and immunohistochemistry using MA-specific antibodies. Generally 
regarded as an extracellular pathogen causing local infections, this is a 
singular experimental infection study directly demonstrating MA’s ability to 
cross epithelial barriers to disseminate to distant body sites. The findings of 
this study provide new insights into the pathobiology of MA, and together with 
its sophisticated antigenic variation system, offer a plausible explanation for 
its persistence and chronicity
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Background: Ureaplasma species in amniotic fluid at the time of second-
trimester amniocentesis increases the risk of preterm birth, but most affected 
pregnancies continue to term (Gerber et al. J Infect Dis 2003). We aimed to 
model intra-amniotic (IA) ureaplasma infection in spiny mice, a species with a 
relatively long gestation (39 days) that allows investigation of the disposition 
and possible clearance of ureaplasmas in the feto-placental compartment. 
Method: Pregnant spiny mice received IA injections of U. parvum serovar 6 
(10µL, 1x104 colony-forming-units in PBS) or 10B media (10µL; control) at 
20 days (d) of gestation (term=39d). At 37d fetuses (n=3 ureaplasma, n=4 
control) were surgically delivered and tissues were collected for; bacterial 
culture, ureaplasma mba and urease gene expression by PCR, tissue WBC 
counts and indirect fluorescent antibody (IFA) staining using anti-ureaplasma 
serovar 6 (rabbit) antiserum. Maternal and fetal plasma IgG was measured 
by Western blot. Results: Ureaplasmas were not detected by culture or PCR 
in fetal or maternal tissues but were visualized by IFA within placental and 
fetal lung tissues, in association with histological inflammatory changes 
and elevated WBC counts (p<0.0001). Anti-ureaplasma IgG was detected in 
maternal (2/2 tested) and fetal (1/2 tested) plasma but not in controls (0/3). 
Conclusions: IA injection of ureaplasmas in mid-gestation spiny mice caused 
persistent fetal lung and placental infection even though ureaplasmas were 
undetectable using standard culture or PCR techniques. This is consistent 
with resolution of IA infection, which may occur in human pregnancies that 
continue to term despite detection of ureaplasmas in mid-gestation. 
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Two species of ureaplasma, U. parvum and U. urealyticum, are known 
to infect the human urogenital tract.  About 20 known or hypothetical 
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nucleases are found in the genomes of each species.  Our research 
aim is to elucidate mechanisms by which Ureaplasma species evade 
host immune system, focusing on the nuclease activity and its effect on 
neutrophil function.  Specifically, we considered the effects of Ureaplasma 
nucleases on Neutrophil Extracellular Traps (NETs), a protein-laden web of 
nuclear DNA that is ejected from the neutrophils as a mechanism to trap 
and neutralize extracellular pathogens.   To avoid background nuclease 
activity from regular 10B medium which uses nucleasel-containing fetal 
bovine serum as a cholesterol source, we modified mycoplasma serum-free 
media (SFM) for Ureaplasma spp. and replaced mammalian serum with 
a cholesterol suspension.  U. urealyticum and U. parvum were cultured in 
SFM and growth curves were obtained.  The growth curves differed between 
the two Ureaplasma species and from the 10B growth.  Nuclease activity 
of supernatant and bacterial pellets from mid-log phase culture was tested 
by incubation with human genomic DNA and visualization in agarose 
gel.  Gel electrophoresis showed significant nuclease activity in both U. 
urealyticum and U. parvum supernatant samples. Negligible degradation 
was observed with samples from re-suspended pellets for either species.  
Further, co-incubation of Ureaplasma spp. and human neutrophils showed 
an increase in DNA release compared to media alone.    The observation that 
Ureaplasma species secrete nucleases is significant because it suggests that 
these microorganisms could evade innate immune responses by degrading 
NETs.  This could contribute to enhanced virulence of the bacteria as well 
as create an environment of chronic inflammation in response to bacterial 
colonization.  Studies are ongoing to characterize the nucleases and their 
roles on NETs and host defense system.
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Processing of the Mycoplasma pneumoniae 
accessory proteins of MPN142 reveals novel 
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Mycoplasma pneumoniae (Mpn) is a genome reduced pathogen and is one 
of the major causes of community acquired pneumonia, responsible for up 
to 40% of cases. Mpn adheres to the respiratory epithelium via adhesins 
and partner accessory proteins on the tip of the attachment organelle. 
The major adhesin in Mpn, known as P1, forms a complex at the tip of the 
organelle with both products of the MPN142 gene. The gene that encodes P1 
(MPN141) resides in an operon with MPN140 and MPN142 suggesting they 
are co-ordinately regulated. Mutated MPN142 cells are unable to adhere 
suggesting that the gene products of MPN142 are required to localise the P1 
adhesin to the tip of the attachment organelle. MPN142 translates to a 130 
kDa molecule that is efficiently cleaved into P40 (40 kDa) and P90 (90 kDa). 
Our proteomic studies show that both P40 and P90 are subject to further 
endoproteolytic processing and each of the fragments resides on the surface 
of Mpn. These observations suggest that MPN142 is a multifunctional 
protein containing different functional domains that play important 
roles in pathogenesis. We used 2-D gel electrophoresis and LC-MS/MS to 
characterise these cleavage fragments and various affinity chromatography 
approaches to investigate adhesive functions to the host extracellular matrix. 
So far we have identified 11 fragments ranging in mass from 8-84 kDa. 
Ligand blotting studies suggested that several fragments are able to bind 
plasminogen. Extensive cleavage of key surface molecules has been shown 
in other mycoplasmas and these molecules are able to bind host molecules. 
These observations suggest that endoproteolytic processing plays a key role 
in the presentation of functional adhesins on the surface of Mpn. 
                                                                                                                                                                                                    
178
Biochemical and immunological characterization of 
Ureaplasma diversum capsule

Verena Macedo Santos1, Maysa Santos Barbosa2, Hellen Braga Martins2, 
Izadora de Souza Rezende2, Melissa Buzinhani2, Jorge Timenetsky1,  

Lucas Miranda Marques2

1 Universidade de São Paulo; 2 Universidade Federal da Bahia 
Phone: +55 11 30917297, Fax: +55 11 30917354,  

Email: macedo.verena1@gmail.com

Ureaplasma diversum infections in cattle affect the economy by interfering 
in livestock. These microorganisms are associated with some bovine 
diseases such as pneumonia, granular vulvovaginitis, endometritis, 
salpingitis, miscarriage, infertility and premature birth. In this context, the 
aim of this study was to evaluate the presence of the capsule a probale 
external polysaccharide of U. diversum, as well as purify, evaluate the 
biochemical composition and antigenicity. The studied U. diversum were an 

ATCC strain serogroup A (49782) and field isolates of vaginal mucus from 
cows and bovine semen. The microorganisms were cultured in UB broth 
and centrifuged. The pellet was stained with red rutheniun and the strains 
analyzed in transmission electron microscopy. All ureaplasmal cells showed 
a glycocalix like structure outer layer of the cell membrane, extending out 
11 to 17 nm from the cytoplasmic membrane. For extracting the probable 
polysaccharide capsule, the ureplasma were grown in two liters of UB 
broth, centrifuged and the pellet resuspended in PBS. The extraction was 
performed using phenol-chloroform method, by treatment with DNAase I 
and II, RNAase and proteinase K. The extracted product was analyzed by 
Nuclear Magnetic Resonance of Hydrogen and Carbon 13 (NMR-1H e NMR-
13C) to determine their biochemical composition. A polysaccharide and 
the low molecular weight protein composition was observed. The extracted 
capsular component was inoculated in a culture of murine macrophage 
J774 for evaluation of antigenicity. All samples induced higher expression 
of TNF-α, IL-1β, IL-6 cytokines, showing a pro-inflammatory profile. Thus, 
the extracted capsular component polysaccharide of U. diversum may be 
related to a virulence factor possibly modulating an inflammatory immune 
response. Financial support: FAPESP
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Mycoplasma gallisepticum (MG) is an important respiratory pathogen of 
chickens and turkeys worldwide. To date, MG vaccines have failed to induce 
protective immunity in the turkey or have induced significant disease 
themselves, there has been little research on the development of a vaccine 
for turkeys. This study aimed to test the efficacy of a new generation ts-
11 vaccine in turkeys. Three vaccine doses (105, 106.5, 108 ccu) of the new 
generation ts-11 were given by eye drop to birds, while a fourth group 
received a coarse spray. A negative control group was administered medium 
only and a positive control group was administered medium and challenged 
subsequently. The study involved 60 commercial turkeys (n=10 per group) 
and challenge was delivered by aerosol of the wild type MG strain Ap3AS. 
Post mortems were conducted 14 days after challenge and the efficacy 
of the vaccine was assessed macroscopically by scoring air sac lesions 
and microscopically by determining the thickness of tracheal mucosa and 
scoring tracheal lesions. The serological response was measured using the 
rapid serum agglutination (RSA) test. At post mortem MG could be detected 
by PCR in the positive control group and the groups that received the vaccine 
and were challenged. MG was not detected in the negative control group. 
The negative control group did not develop serum antibodies against MG, 
while all other groups had detectable antibody responses at 14 days after 
challenge. Macroscopic and microscopic examination of the birds vaccinated 
with a 108 ccu dose of MG ts-11 by either eye drop or coarse spray after 
exposure to wild type challenge showed that they had significantly less 
severe gross air sac lesions, reduced mean tracheal mucosal thickness and 
lower tracheal mucosal lesion scores (P < 0.05). Thus the new generation 
ts-11 vaccine at a dose of 108 ccu appears to elicit a substantial level of 
protection against experimental challenge.
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