
                                                          Principal Investigator/Program Director (Last,first,middle): Petri, William Arthur, Jr.

ICDDR,B: Centre for Health & Population Research              


  
 RRC APPLICATION FORM
[image: image1.wmf]0

10

20

30

40

50

2

4

6

8

10

12

Months of Observation

Cumulatative % Children 

Infected with 

E. histolytica

0

10

20

30

40

50

IgA(-)

IgA(+)

[image: image2.wmf]0

5

10

15

20

25

30

35

40

45

1

2

3

4

5

6

7

8

9

10

11

12

Months of Observation

IgA anti-CRD (+)

IgA anti-CRD (-)







    FOR OFFICE USE ONLY

[image: image3.wmf][image: image4.wmf]0

10

20

30

40

50

2

4

6

8

10

12

Months of Observation

Cumulatative % Children 

Infected with 

E. histolytica

0

10

20

30

40

50

IgA(-)

IgA(+)

 Research Protocol

   RRC Approval:
     

 FORMCHECKBOX 
Yes /  FORMCHECKBOX 
No  Date: 

[image: image5.bmp]Protocol No. 2003-010



       ERC Approval:
 FORMCHECKBOX 
Yes /  FORMCHECKBOX 
No  Date:      

     AEEC Approval:
 FORMCHECKBOX 
Yes /  FORMCHECKBOX 
No  Date:      
[image: image6.wmf]0

5

10

15

20

25

30

35

40

45

1

2

3

4

5

6

7

8

9

10

11

12

Months of Observation

IgA anti-CRD (+)

IgA anti-CRD (-)

                                                                                                             
Project Title: 

Field studies of human immunity to amebiasis in Bangladesh
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Theme: (Check all that apply)
 FORMCHECKBOX 
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  Reproductive Health




 FORMCHECKBOX 
 Clinical Case Management
 FORMCHECKBOX 
  Vaccine evaluation
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Relevance of the protocol:

At present we have an ongoing prospective study on amebiasis in children of Mirpur, Dhaka. This study has yielded two 

important findings: 1) Amebiasis as an important cause of childhood morbidity, 2) Acquired immunity to E. histolytica infection exists.  Children with an intestinal IgA against the E. histolytica  Gal/Gal/Nac lectin carbohydrrate recognition domain (CRD)

have an 86% reduction in new infections at one year of follow-up. We propose to build on  these initial observations through this proposed prospective study of the children. Specific Aim 1 will continue to look at the burden of amebiasis in the children as

they enter grade school ages. Specific Aim 2 to look at the duration of immunity that  have seen in children  with an intestinal

IgA anti-CRD antibody. Specific Aim 3 will look at  whether cellular immune responses to E. histolytica and specific class II 

alleales are associate with an effective acquired immune response. Successful completion of the present protocol will clarify the impact of E. histolytica associated morbidity in grade school  children and will underneath the role of human  immunity to E. histolytica infection. It will help to estimate the duration of protection against E. histolytica infection by stool anti-CRD IgA. 

Finally, present study will illuminate the role of human  genetic factors in E. histolytica infection. 
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Principal Investigator: 
Dr. Rashidul Haque, M.B, Ph.D
Division:        LSD          Phone: 8811751/ Ext 2411
Address:    Parasitology Lab, LSD                                            Email: rhaque@icddrb.org
[image: image12.png]Targeted/Planned Enroliment Table

This report format should NOT be used for data collection from study participants.

Study Title: Fig|q Studies of Human Immunity to Amebiasis in Bangladesh
Total Planned Enroliment: 5gg

TARGETED/PLANNED ENROLLMENT: Number of Subjects

Ethnic Category Sex/Gender
Females Males Total

Hispanic or Latino
Not Hispanic or Latino 142 147 289
Ethnic Category Total of All Subjects* 142 147 289

Racial Categories
American Indian/Alaska Native
Asian 142 147 289
Native Hawailan or Other Pacific Islander
Black or African American
White
Racial Categories: Total of All Subjects * 142 147 289

The "Ethnic Category Total of Al Subjects’ must be equal to the “Racial Categories Total of All Subjects.





Co-Principal Investigator(s):   Prof.  W. A. Petri, Jr., M.D., Ph.D         University of Virginia,USA       -   Collaborator  

                                                                                                                                                                            and PI  to the  NIH


Co-Investigator(s):   Prof. Bradly Sack, M.D., Sc.D
     Johns Hopkins University              -
Consultant

                                   Prof. Victor Engelhard  Ph.D          University of Virginia ,USA          -
Consultant

                                   Prof. Egbart Tannich, M.D              Bernhard Nocht Institute

                                                                                                                                                                                                                                      of Tropical Medicine, Germany   -
Consultant


Student Investigator/Intern: Dr. Dinesh Mondal, M.D, Ph..D,     Parasitology Lab, LSD,  ICDDR,B


Collaborating Institute(s):


Population: Inclusion of special groups (Check all that apply):

Gender






 FORMCHECKBOX 
 Pregnant Women

 FORMCHECKBOX 
   Male





 FORMCHECKBOX 
 Fetuses
 FORMCHECKBOX 
   Females 





 FORMCHECKBOX 
 Prisoners
 Age






 FORMCHECKBOX 
 Destitutes 
 FORMCHECKBOX 
   0 – 5 years





 FORMCHECKBOX 
 Service providers
 FORMCHECKBOX 
   5 – 9 years





 FORMCHECKBOX 
 Cognitively Impaired
 FORMCHECKBOX 
   10 – 19 years




 FORMCHECKBOX 
 CSW
 FORMCHECKBOX 
   20 – 64 years 




 FORMCHECKBOX 
 Others  (specify __________________________________)
 FORMCHECKBOX 
    65 + 





 FORMCHECKBOX 
 Animal
Project / study Site (Check all the apply):

 FORMCHECKBOX 
  Dhaka Hospital




 FORMCHECKBOX 
 Mirsarai

 FORMCHECKBOX 
  Matlab Hospital




 FORMCHECKBOX 
 Patyia

 FORMCHECKBOX 
  Matlab DSS area 




 FORMCHECKBOX 
 other areas in Bangladesh __________________________

 FORMCHECKBOX 
  Matlab non-DSS area




 FORMCHECKBOX 
 Outside Bangladesh

 FORMCHECKBOX 
  Mirzapur




 
               name of country: _____________________________

 FORMCHECKBOX 
  Dhaka Community




 FORMCHECKBOX 
 Multi centre trial
 FORMCHECKBOX 
  Chakaria






(Name other countries involved) 

 FORMCHECKBOX 
  Abhoynagar






____________________________________________

Type of Study (Check all that apply):

 FORMCHECKBOX 
  Case Control study




 FORMCHECKBOX 
 Cross sectional survey

 FORMCHECKBOX 
  Community based trial / intervention


 FORMCHECKBOX 
 Longitudinal Study (cohort or follow-up)

 FORMCHECKBOX 
  Program Project (Umbrella)



 FORMCHECKBOX 
 Record Review

 FORMCHECKBOX 
  Secondary Data Analysis



 FORMCHECKBOX 
 Prophylactic trial

 FORMCHECKBOX 
  Clinical Trial (Hospital/Clinic)



 FORMCHECKBOX 
 Surveillance / monitoring

 FORMCHECKBOX 
  Family follow-up study



 FORMCHECKBOX 
 Others


Targeted Population (Check all that apply):

 FORMCHECKBOX 
  No ethnic selection (Bangladeshi)


 FORMCHECKBOX 
 Expatriates

 FORMCHECKBOX 
  Bangalee 





 FORMCHECKBOX 
  Immigrants

 FORMCHECKBOX 
  Tribal groups





 FORMCHECKBOX 
  Refugee


Consent Process (Check all that apply):

 FORMCHECKBOX 
  Written





 FORMCHECKBOX 
 Bengali language

 FORMCHECKBOX 
  Oral






 FORMCHECKBOX 
 English language

 FORMCHECKBOX 
  None


Proposed Sample size:




Total sample size: 400  FORMCHECKBOX 

Sub-group:  Male 200  FORMCHECKBOX 



     Female 200  FORMCHECKBOX 


Determination of Risk: Does the Research Involve (Check all that apply):

 FORMCHECKBOX 
  Human exposure to radioactive agents?


 FORMCHECKBOX 
   Human exposure to infectious agents?

 FORMCHECKBOX 
  Fetal tissue or abortus?



 FORMCHECKBOX 
   Investigational new drug 

 FORMCHECKBOX 
  Investigational new device?



 FORMCHECKBOX 
   Existing data available via public archives/source

           (specify________________________)

 FORMCHECKBOX 
   Pathological or diagnostic clinical specimen only

 FORMCHECKBOX 
  Existing data available from Co-investigator 

 FORMCHECKBOX 
  Observation of public behaviour








 FORMCHECKBOX 
   New treatment regime

Yes/No

 FORMCHECKBOX 
    FORMCHECKBOX 
  Is the information recorded in such a manner that subjects can be identified from information provided directly or

through identifiers linked to the subjects?

 FORMCHECKBOX 
    FORMCHECKBOX 
  Does the research deal with sensitive aspects of the subject's behaviour; sexual behaviour, alcohol use or illegal 

conduct such as drug use?

Could the information recorded about the individual if it became known outside of the research:

 FORMCHECKBOX 
    FORMCHECKBOX 
    a. place the subject at risk of criminal or civil liability?

 FORMCHECKBOX 
    FORMCHECKBOX 
    b. damage the subject's financial standing, reputation or employability;  social  rejection,  lead to  stigma,   divorce etc.


Do you consider this research (Check one):

 FORMCHECKBOX 
  greater than minimal risk



 FORMCHECKBOX 
   no more than minimal risk

 FORMCHECKBOX 
  no risk





 FORMCHECKBOX 
   only part of the diagnostic test

Minimal Risk is "a risk where the probability and magnitude of harm or discomfort anticipated in the proposed research are not greater in and of themselves than those ordinarily encountered in daily life or during the performance of routine physical, psychological examinations or tests. For example, the risk of drawing a small amount of blood from a healthy individual for

research purposes is no greater than the risk of doing so as a part of routine physical examination".


Yes/No

 FORMCHECKBOX 
    FORMCHECKBOX 
   Is the proposal funded?

If yes, sponsor Name:  University of Virginia /  NIH,  USA

Yes/No
 FORMCHECKBOX 
    FORMCHECKBOX 
     Is the proposal being submitted for funding?


If yes, name of funding agency: (1)   ___________________________________________________________





         (2)   ___________________________________________________________

Do any of the participating investigators and/or their immediate families have an equity relationship (e.g. stockholder) with the sponsor of the project or manufacturer and/or owner of the test product or device to be studied or serve as a consultant to any

of the above?

IF YES, submit a written statement of disclosure to the Director.


Dates of Proposed Period of Support                      Cost Required for the Budget Period ($)

     (Day, Month, Year - DD/MM/YY)                          a. 1st Year 81,530  2nd Year 83,064  3rd Year 84,267  4th Year 78,624

      Beginning date 01/05/2003


    5th Year 80,951

      End date 31/04/2008   



b.     Direct Cost : 362,626
Total Cost  :408,436


Approval of the Project by the Division Director of the Applicant

The above-mentioned project has been discussed and reviewed at  the Division level as well by the external reviewers. 

The protocol has been revised according to  the reviewer’s comments and is approved.

Dr. G. B. Nair                                              _____________________                   _______________________

Name of the Associate Director                        Signature                                          Date of Approval


Certification by the Principal Investigator                             

                                                                                                        Signature of PI

I certify that the statements herein are true, complete                       

and accurate to the best of my knowledge. I am aware 
   Date:
that any false, fictitious, or fraudulent statements or 

claims may subject me to criminal, civil, or administra- 
    Name of Contact Person (if applicable)
tive penalties. I agree to accept responsibility for the 

scientific conduct of the project and to provide the re- 


quired progress reports if a grant is awarded as a result
 

of this application.





    

VOLUNTARY CONSENT FORM
[To be given to read/read out, and explained to potential study participants/guardians]

Title of the research project: Field studies of human immunity to amoebiasis in Bangladesh.

Investigators: Dr. Rashidul Haque and Dr. William A. Petri Jr.

Amebiasis is an important health problem in Bangladesh. This disease is caused by the intestinal protozoan parasite Entamoeba histolytica. Our current understanding about this infection, particularly the human immune responses and susceptibility to E. histolytioca infection is not complete. Research is required for further improvement of our knowledge on amoebiasis for better management and control of this infection.

As you know that The International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B) is conducting a collaborative study with the University of Virginia, USA. We highly appreciate and thanking you for your help that you have been offering for the last four years in connection of this study.

We are interested to continue this study for another five years to understand more about this disease, which will ultimately help us to control it. For this purpose we need to follow your child, who has already been or will be enrolled in our study for the next five years. Participation of your child in the study is voluntary. There is no obligation to take part in this study. Also, if you want to take out your child from the study, you can do so any time during study.   

During the next five years we will collect about 1 ml of blood from a vein in your child's forearm at four months interval for assessment of anti-amebic antibody status of your child. Only two times during the study period we will collect 5 ml of blood instead of 1 ml. It will be done at baseline and during acute E.histolytica associated episode. 5 ml blood collected at baseline will be used for assessment of cell-mediated immunity and HLA typing. DNA-based analysis will be used for HLA-typing only and for no other purpose. Same quantity, collected during acute E.histolytica associated episode will be assessed for cell-mediated immunity and anti-E. histolytica antibodies. With the exception of mild, temporary pain during insertion of needle to collect blood, small chance of mild, temporary oozing of blood from the needle prick, discolouration of the surrounding skin, and remote chance of local and systemic infection, collection of this amount of blood will not cause any other harm. We will use sterile syringes and needles, and other precautions to avoid these problems. In the event of occurrence of any of these problems, we would appropriately manage them. Stool samples will be collected every month until the end of the study as we have done it before. Weight and height of your child will also be taken at 4 months interval. The abdominal utrasonography will be done just once to exclude the liver abscess.  The IQ of your child will be tested once. Health assistant will be visiting twice a week. At each visit, they will collect information on diarrhea and dysentery of the children. If your children have any signs and symptoms of diarrhea and dysentery detail investigations will be carried out and appropriate treatment will be given. The children will be given standard anti-amebic treatment if they have any symptoms of invasive amebiasis. We would keep the results of the tests performed and identity of the participants strictly confidential, and none other than investigators of this study would have an access to such information. 

             We would be happy to answer your questions about our study, if any, and to provide you with results of the laboratory tests as and when they become available. If you have any questions about the study then call Dr. Rashidul Haque at ICDDR,B ( Tel. 8811751ext. 2411). If you have any questions about rights of your child as a research subject contact Mr. Bejoy R. Saha, ICDDR,B , Dhaka ( Tel: 8811751ext..2621)

Your child may or may not receive any benefit from participating in this study except primary healthcare. However, results of our study would improve our knowledge and understanding of the innate and acquired immune responses that limit susceptibility to amebiasis, which might be useful in future for better management and/or control of this disease. 

If you agree to allow us to enroll your child in this study, please indicate that by putting your signature/left thumb impression at the specified space below:

Thank you for your cooperation.

Participant's Name:

Signature/LTI of the participants/guardian                                                           Signature of Investigator

Date:                                                                                                                       Date:

Signature of witness



Date: 

Protocol No. 2003-010

Title of Protocol:  Field studies of human  immunity to amebiasis in Bangladesh 
Authorization to Use/Disclose Protected Health Information for Research
The Health Insurance Portability and Accountability Act of 1996 (HIPAA) is a federal law of USA requiring that hospitals, researchers and health care providers protect the privacy of information (protected health information) that identifies you/your child and relates to your/your child’s past, present and future physical and mental health or conditions, or the provision of health care.  If you/your child agree to participate in this research, protected health information will be used and shared with others involved in this research.  The following questions and answers provide more specific information about how your/your child’s information will be used, protected and shared.  

What protected health information about you/your child will be used or shared with others as part of this research?

As described in this document, you/your child may be asked for health-related information relevant to the study.  In addition, you/your child’s complete medical/health records may be reviewed and researchers may need to discuss your health information with your treating physicians, if applicable.  Researchers will also generate new information about you as a result of the research procedures, tests, visits and questionnaires/interviews.  If the study has an outside sponsor such as a pharmaceutical company  they will use your child’s data for research purposes to support the scientific goals described in the consent form and to obtain regulatory approval of the product being studied in this study.

Who would be authorized to use or release your child’s protected health information?
The researchers and staff of the  International Centre for Diarrheal Disease Research, Bangladesh ( ICDDR,B)  and the University of Virginia (UVA) participating in the research will use your  child’s medical/health information for this research study.  In addition the  Ethical Review Committee ( ERC) of ICDDR,B and  the Human Investigation Committee (HIC)  of the  UVA that oversees the research, and other  ICDDR,B and University of Virginia staff with oversight or quality improvement responsibilities, may have access to your child’s health information.  The  ERC of ICDDR,B and  HIC of the UVA  also have the authority to determine if information should be shared for oversight or compliance purposes.  Under study documents approved by the  ERC of  ICDDR,B and HIC of  UVA, the researchers and their staff will determine if  your child’s protected health information will be used or shared with others outside of the  ICDDR,B and University of Virginia for purposes directly related to conduct of the research including, for example, to clinical staff, other researchers, research sponsors, internal oversight staff of  ICDDR,B and  UVA, and certain government oversight agencies in the United States and other countries. Because of the need to release information to these parties, absolute confidentiality cannot be guaranteed.  

With whom would the protected health information be shared?

Your child’s protected health information may be shared with the following:

· The sponsor of the study (if applicable), or its agents, such as data repositories, contract research organizations or clinical laboratories.  The sponsor may share your data with other parties such as business partners and they may send your data to other countries. 

· Other medical centers/institutions/investigators outside of UVA participating in this research

· International, federal, state and local agencies that have authority over the research, UVA, or patients (for example, the Department of Health and Human Services, the Food and Drug Administration, the National Institutes of Health, the Office of Human Research Protections, the Department of Social Services or other governmental offices as required by law)

· Hospital or other accrediting agencies

· Ethical review boards, data and safety monitoring boards, if applicable, or other regulatory authorities in the United States, Bangladesh  or in other countries

· Clinical staff not involved in the study who may become involved in your child’s care, if it is potentially relevant to treatment

· To your health insurer or payer, if necessary, in order to secure their payment for any covered treatment not paid for through the research


All reasonable efforts will be used to protect the confidentiality of  your child’s protected health information which may be shared with others to support this research, to carry out their responsibilities, to conduct public health reporting and to comply with the law as applicable.  If your information is shared with parties outside of UVA, these parties may share it with others who may not need to follow the federal privacy rule.

Why is it necessary to share your child’s protected health information with others?

The main reason to share this information is to be able to conduct the research as described earlier in the consent form.  In addition, information is shared to ensure that the research meets legal, institutional and accreditation standards.  Information may also be shared to report adverse events or situations that may help prevent placing other individuals at risk.  Other reasons include treatment, payment or health care operations.

For how long will your child’s protected health information be used or shared with others?

There is no scheduled date at which this information will be destroyed or no longer used.  This is because information that is collected for research purposes continues to be analyzed for many more years and it is not possible to determine when this will be complete.

What are your/your child’s rights after signing this authorization?

You/your child have the right to withdraw from participating in this research.  You have the right to withdraw your permission for  ICDDR,B and UVA to use or share the protected health information obtained in connection with the research except to the extent that the investigator or UVA has already relied on your permission to conduct the research and related activities such as oversight.   Even if you withdraw your permission, ICDDR,B and  UVA may keep and use or disclose information needed for the integrity of the study.  Once permission is withdrawn no further private health information will be obtained.  If you withdraw your permission you may no longer participate in this research study.  If you want to withdraw your permission, please send a letter to Dr. Rashidul Haque  at  ICDDR,B ,  Mohaklai, Dhaka-1212, stating you wish to withdraw the permission to release your information.  You have the right to choose not to sign this form.  However, if you decide not to sign, you cannot participate in the research.  Refusing to sign will not affect the present or future care you/your child receive at this institution and will not cause any penalty or loss of benefits to which you are otherwise entitled.

Subject to certain legal limitations, you/your child have the right to access your child’s protected health information  created during this research that relates to your treatment or payment and is not exempted under certain laws and regulations.  You have a right to see and copy your protected health information and may access this information only after the study analyses are complete.  To request this information, you will need to submit your request in writing to  ICDDR,B , GPO box: 128, Dhaka-1000, Bangladesh.

By signing, you give permission for these uses and disclosures of your child’s protected health information. 

You will receive a signed copy of this form. 

Print Name:
______________________________________________

Signature/ Left Thumb Impression:  ______________________________________________

Date: 

______________________________________________

For Personal Representative of the Research Participant (if applicable)

Print Name of Personal Representative:_____________________________________________________

Describe Personal Representative Relationship:_______________________________________________

(e.g. parent, guardian, power of attorney, etc)

INTRODUCTION TO THE REVISED APPLICATION.

We thank the Tropical Medicine and Parasitology Study Section for the constructive comments from the review of the competing continuation of this application on 2/14/02.  Changes or additions to the revised application are marked with a line in the right-hand margin.  To briefly summarize the critique:

The field studies of the nature, quality and duration of acquired immunity to amebiasis were well received:

 “Continuation of observations in the study cohort is highly meritorious and strongly encouraged since the duration of immunity associated with stool anti-CRD IgA antibodies is not known” [reviewer #1].
“The first three years of this grant have been extremely productive and have produced important data.  They are in the middle of a study that deserves to be finished.  The questions about the quality, duration and protectiveness of the responses they have measured are definitely worth following up…  For this work I have very high enthusiasm” [reviewer #2]
Both reviewers were concerned that the candidate gene analysis linked to the serum anti-lectin IgG response was premature:

 “A more substantial concern related to aim 2 is the lack of any preliminary information regarding the extent of polymorphism for SNPs, microsatellite markers, and/or known functional polymorphisms in or near the candidate genes selected for study”  “The lack of preliminary data regarding SNPs or HLA polymorphisms in the Bengali population substantially dampens enthusiasm” [reviewer #1].

“The … focus on the serum IgG lectin response is its correlation with increased susceptibility.  I am not convinced that this elaborate study is warranted… The genetic studies proposed seem premature and are not described in enough detail to convince me that the effort will be useful”. [reviewer #2]
In response to the reviews we have eliminated the candidate gene analyses and reduced the budget (from $250,000 to $175,000 annual direct costs) commensurate with this change.  The revised competing application is focused on the prospective studies of human amebiasis in the Mirpur cohort of children, since we share the reviewers’ enthusiasm for the importance of these studies.   Progress since the submission of the competing continuation includes:

• HLA class II allele preliminary data 

• Antigen-specific cytokine production preliminary data 

• One additional original research publication in the Journal of Infectious Diseases 
New Specific Aims 1 and 2 are low risk (they merely require continuation of our already successful prospective study to answer the posed hypotheses) but high payoff as they will provide answers to questions about the duration of acquired immunity and the community impact of amebiasis.  There are no other prior, current or planned prospective studies of infection and immunity to amebiasis in children to our knowledge.  New Specific Aim 3 is high risk and also high payoff.  Although we present preliminary data on the feasibility of class II and cytokine analyses in Mirpur to support the planned studies in Aim 3, we do not yet know whether we will find significant associations of cell mediated immune responses and/or class II antigens with susceptibility to amebiasis.  However if we do, this will have direct and immediate application to our understanding of the immune response and to the rational design of a vaccine. 

The field study of the Mirpur children will continue for the next 8 months through the generous financial support of the University of Virginia and the International Centre for Diarrhoeal Diseases Research.  This support is limited.  If this revised application is not funded the unique opportunity to prospectively study acquired immunity and the community impact of amebiasis will be lost.

A. SPECIFIC AIMS
In the preceding 3 years of NIH support a prospective study of Entamoeba histolytica infection in preschool children from Dhaka Bangladesh has yielded two important findings: 

(1) Acquired immunity to E. histolytica infection exists, and children with an intestinal secretory IgA directed against the E. histolytica Gal/GalNAc lectin carbohydrate recognition domain (CRD) have an 86% reduction in new infections at one year. 

(2) Amebiasis is an important cause of preschool childhood morbidity in Mirpur, with 55% (127/230) of the preschool children infected with E. histolytica, 11% (26/230) with amebic diarrhea and 4.3% (10/230) with amebic dysentery in the first two years of observation. 

We propose to pursue these initial observations through three independent yet complementary aims:

Specific Aim 1:  Determine the impact of amebic disease on the community.  

Hypothesis:  Amebic infections will increase in children who are non-immune as they enter grade-school ages.

Rationale:  The conventional wisdom is that E. histolytica is not a major etiologic agent of diarrhea or dysentery in children.  This is based on studies that did not use the new sensitive and specific diagnostic tests that have been developed by us (as part of this grant) and others.  Data from the first two years indicates that amebiasis is having as great an impact as shigellosis on the health of preschool children in this community.  The children are now entering grade school, which is the age where we and others have observed the highest incidence of amebic colitis in the hospital. The next 5 years of the study therefore provide an opportunity to obtain community-based information on the incidence and impact of amebiasis during the expected peak period of amebiasis.  We expect to see a higher incidence of amebiasis in grade school aged children based on our hypothesis that not all children will develop acquired immunity in the preschool years.

Approach:  The 220 children in the Mirpur cohort and their parents will be visited every other day and any diarrheal illness detected by these visits or by self-referral to our study clinic will be tested for infection with E. histolytica.  Monthly surveillance stool samples will also be tested for E. histolytica, and every 4 months blood collected and tested for anti-amebic antibodies.  Entamoeba histolytica will be identified by antigen detection and culture, with PCR used to resolve discrepant results.

Significance:  Resources are limited for the development of vaccines against tropical diseases.  It is only through concrete data on the community incidence of amebiasis that decisions can be reached about how to best invest the available resources to provide the maximum benefit to child health in the developing world.
Specific Aim 2.  Determine the longevity of human immunity to E. histolytica infection.  A decreased rate of new E. histolytica infection has been observed in preschool children with adherence-inhibitory mucosal IgA against the E. histolytica lectin CRD.   

Hypothesis:  Resistance to amebiasis associated with the stool IgA anti-CRD response will be long-lived.  Rationale:  Experience with other enteric diseases such as cholera, salmonellosis and shigellosis suggests that immunity is long-lasting.  While this is a reasonable expectation for amebiasis, there is some reason to expect immunity not to be persistent.  For example we have observed that the peak incidence of amebiasis is in grade-school  aged patients at the ICDDR,B hospital that serves the Mirpur community,  and not in the younger pre-school children in whom we have observed acquired immunity.  Others have made similar observations on the older ages of individuals with amebic colitis in Egypt, South Africa and Brazil.   One could hypothesize that environmental factors (for example decreased antigen exposure to E. histolytica as the children age) affect immunologic memory.  As our study children transition into the grade school years it thus will be important to know if their immunity persists.   

Significance Knowledge of the duration of naturally acquired immunity is important for the design of an amebiasis vaccine, and to understand the contribution of immunity to the incidence of amebiasis in different populations.

Specific Aim 3.  Investigate the nature of the acquired immune response to E. histolytica infection.  

Hypothesis: Acquired immunity will be associated with mucosal anti-CRD IgA as well as cell mediated immune responses that produce interferon gamma (IFN), tumor necrosis factor alpha (TNF) and/or nitric oxide (NO). Additionally because class II restricted immune responses are likely to play important roles in the production of these acquired immune responses, certain HLA class II alleles will be associated with the ability to mount an effective acquired immune response.  

Rationale:  Mucosal neutralizing IgA antibodies against the E. histolytica Gal/GalNAc lectin have been shown in this study to be associated with protection from future infection.  It makes sense that these antibodies could act to prevent infection as the lectin mediates parasite adherence to the colonic mucus layer. Cell mediated immune responses could be protective via their effects on macrophages and neutrophils.  For example macrophages activated in vitro with IFN and/or TNF kill E. histolytica trophozoites via NO production.   HLA class II antigens would act to present amebic peptide antigens to CD4+ T cells to induce these acquired immune responses, and certain class II alleles might be more or less capable at presenting protective antigens to the immune system.  In fact serologic HLA typing by other investigators has suggested an association of HLA-DR3 with susceptibility to amebic liver abscess in a Mexican population.

Approach:  Stool IgA against the lectin CRD will be measured monthly in all of the children in the cohort.  Peripheral blood mononuclear cells (PBMC) will be collected from the children for baseline measurements and during acute infection with E. histolytica.   PBMC will be stimulated with soluble amebic antigen and purified lectin and its CRD, all of which will be confirmed to be endotoxin-free prior to use.  Cytokine production will be measured by ELISA or ELISPOT (for IL4).  Levels of cytokine production and mucosal and serum antibody production will be correlated with each other and with past and future incidence of amebiasis.  The class II gene alleles of the children will be determined using DNA-based HLA typing. 

Significance: Assessment of the nature of the humoral and cell mediated immune responses associated with protection is important for the insight into the immune response and potential genetic susceptibility to infection, and for vaccine design (including the route of immunization [mucosal vs. systemic], adjuvant, and ability to use surrogate markers of protection in early stages of measuring vaccine efficacy).  If the ability to produce adherence-inhibitory mucosal anti-CRD IgA is restricted to only a subset of the population with the proper class II alleles this would suggest that a vaccine comprised solely of the CRD would fail to provide protection to a significant proportion of the population. 

B.  BACKGROUND AND SIGNFICANCE

THE DISEASE.  Amebiasis is caused by Entamoeba histolytica, an enteric protozoan parasite exclusively of humans with a remarkable ability to destroy host tissues. The life cycle is simple, consisting of an infectious cyst and invasive trophozoite.  Infection occurs when the cyst is ingested via contaminated water and food (1,2).  This has been seen most recently in epidemic form with an outbreak in Tblissi, Republic of Georgia due to a fecally contaminated municipal water supply, but occurs endemically every day among the poor of developing countries (3).  

The two major clinical syndromes of amebiasis are amebic colitis and amebic liver abscess.  Estimates by the WHO of 50 million cases of colitis and liver abscess and 100,000 deaths worldwide each year are based on extrapolations from studies using inaccurate diagnostic tests and have limited credibility.  Improvements in the ability to diagnose amebiasis have led to a new appreciation of the negative impact of amebiasis on child health (see Progress Report). 

Patients with amebic colitis typically present with a several days to several weeks history of gradual onset of abdominal pain and tenderness, diarrhea and bloody stools (dysentery). Less than 10% of E. histolytica-infected individuals develop colitis.  In the other 90% the infection resolves without symptoms presumably via an acquired immune response.  The pathological lesions in the colon include ulceration of the intestinal epithelium and invasion into the lamina propria by trophozoites.  Inflammation, with infiltrating neutrophils and mononuclear lymphocytes is pronounced, but inflammatory cells near the amebae are killed with pyknotic nuclei characteristic of apoptotic death.  Amebic liver abscess is a less common form of the disease that is predominantly seen in adult males (2).

GAL/GALNAC ADHERENCE & CYTOLYSIS.  Carbohydrate-protein interactions are responsible for the contact-dependent cytotoxicity for which E. histolytica was named.  A cell surface lectin specific for galactose (Gal) and N-acetyl-D-galactosamine (GalNAc) mediates trophozoite adherence to human colonic mucin, colonic epithelium, neutrophils and erythrocytes, certain bacteria, as well as a variety of cell lines (4-10).  Studies of human neutrophils have confirmed that the Gal/GalNAc lectin (and not fibronectin, vitronectin, CD11/CD18 integrins, complement or mannose-binding protein) is the only defined adhesin participating in the adherence event (11). Contact-dependent killing of CHO cells and other target cells is >90% inhibited by Gal and GalNAc.  Additionally, CHO cell glycosylation-deficient mutants lacking terminal Gal residues on N-and O-linked sugars are nearly totally resistant to amebic adherence and cytolytic activity (9,10,12).  The importance of the Gal/GalNAc lectin in in vitro adherence and cytolysis led us to test in humans if an acquired immune response against it was associated with protection from future E. histolytica infection (see Progress Report).

 
COLONIC MUCINS ARE A HIGH AFFINITY LIGAND FOR THE GAL/GALNAC LECTIN.  The colonic epithelium is covered by a blanket of secreted mucin glycoproteins.  These mucins are high molecular weight glycoproteins that function to protect the epithelium against damage from microbes, chemical irritants and mechanical stress. Entamoeba histolytica  trophozoites are commonly seen adherent to the mucus blanket of the large bowel.  Isolated and purified secreted colonic mucins block in vitro amebic adherence and killing of host cells (17,18).  The predominant secretory mucin of the intestine is encoded by the gene MUC2.  The MUC2 protein is extensively modified in the Golgi by the addition of O-linked GalNAc residues.  The extremely high content of O-linked carbohydrate (80% by mass) of MUC2 makes it a high affinity ligand for the E. histolytica Gal/GalNAc lectin (KD = 8.2 x 10-11 M) (18).  Secretory IgA antibodies that neutralized the lectin could potentially block colonization of the intestine by preventing amebic adherence to colonic mucin.

POTENTIAL ROLE OF THE LECTIN IN ENCYSTATION.  The formation of the cyst form of Entamoeba has been studied in the reptilian parasite E. invadens.  Eichinger and colleagues have demonstrated that encystation requires the addition of precise amounts of polyvalent galactose-terminated molecules (serum or mucins or Crithidia fasciculata). Galactose (but not GalNAc or mannose) blocked encystation of E. invadens specifically at the aggregation stage of the encystment process (19).  A homologue of the 260 kDa lectin heavy subunit has been cloned and partially sequenced in E. invadens (D. Eichinger, personal communication).  These studies suggest that Gal/GalNAc lectin(s) also are important in formation of the infectious cyst, and that an immune response against the lectin could be potentially protective by inhibiting the production of the cysts and thereby the spread of disease.

THE INNATE AND ACQUIRED IMMUNE RESPONSE TO AMEBIASIS. While the precise roles and importance of humoral and cellular responses in immunity remain to determined, protective immunity is likely to involve elements of both.  Immunization of animals with several E. histolyica antigens provides protection from an intra-hepatic challenge with E. histolytica (20-24).   These antigens include serine-rich and cysteine-rich proteins and the Gal/GalNAc adherence lectin.

Antibodies appear to play a role in immunization-mediated protection, as evidenced from studies using a severe combined immunodeficient (SCID) mouse model of amebic liver abscess.  Passive transfer to SCID mice of antibodies against whole E. histolytica proteins, the serine-rich protein, or the cysteine-rich domain of the galactose lectin, resulted in faster resolution of amebic liver abscess (21, 23, 24).   

Pro-inflammatory cytokines also appear to be important for protective immunity.  Lymphocytes from patients recovered from invasive amebic disease proliferate in response to amebic antigens, have amebicidal activity, and produce interleukin-2 and gamma interferon (IFN-) (25).   Macrophages and neutrophils activated by IFN-and TNF-were endowed with the capability of killing E. histolytica trophozoites, while in the absence of activation these immune effector cells were killed by the amebae (26- 28).   Pro-inflammatory cytokine production in response to E. histolytica infection may in part be an innate immune response: the purified Gal/GalNAc lectin promotes production of IL12 and TNF- production by macrophages (27-28). In murine macrophages TNF-was shown to play a central role in activating macrophages for nitric oxide-dependent cytotoxicity against E. histolytica (28).   Mice with targeted disruption (“knockout”) of either IFN- or inducible nitric oxide synthase had more severe amebiasis, providing in vivo evidence of the importance of pro-inflammatory cytokines in protection (29).  Pro-inflammatory cytokine production as part of the innate immune response is also potentially deleterious: the ability of E. histolytica to damage intestinal epithelium, marked by IL-8 and IL-1 release, has been shown in vitro (30) and in vivo using the SCID-HU-INT model (31).

ACQUIRED IMMUNITY IN HUMANS. Three years ago when we began this NIH supported field study little was known about the existence or nature of acquired immunity. The development of invasive amebiasis in some E. histolytica-colonized individuals, and documented second infections, led many to conclude that acquired immunity was non-existent or at best incomplete (32-35).  There was little in the way of clinical research to contradict this conclusion.  Prospective observational field studies of amebiasis had not been conducted, and prior clinical research had in large part failed to distinguish the invasive parasite E. histolytica from the non-invasive but identical in appearance parasite E. dispar.  

As will be summarized in the Progress Report, a major discovery of the first 3 years of this NIH study has been the demonstration of acquired immunity.  Immunity was associated with a mucosal anti-Gal/GalNAc lectin IgA response that neutralized the lectin’s carbohydrate recognition domain (CRD). In contrast, there was no association of serum IgG anti-lectin antibodies to immunity from intestinal E. histolytica infection.  In fact just the opposite was observed: serum anti-lectin IgG antibodies were a marker for children at significantly increased risk for amebiasis.

MAJOR GAPS IN OUR KNOWLEDGE TO BE ADDRESSED BY THE CURRENT PROPOSAL

(1) What is the duration of acquired immunity?

(2) What humoral and cell-mediated immune responses are associated with acquired immunity, and   what is the contribution of HLA class II alleles on susceptibility to amebiasis?

(3) What is the impact of amebiasis on a community?

C.  PROGRESS REPORT AND PRELIMINARY STUDIES

INTRODUCTION:  This section summarizes progress made over the last 3 years for NIH grant R01 AI-43596 “Field Studies of Human Immunity to Amebiasis in Bangladesh”, as well as preliminary data to support the proposed studies. Publications from AI-43596 are listed at the end of this section and included in the Appendix.  We have tested and proven both of the hypotheses set forth in AI-43596:

(1) Immunity to invasive infection by E. histolytica is acquired from a previous (symptomatic or asymptomatic) infection.

(2) Clearance of asymptomatic infection by E. histolytica is associated with production of adherence-inhibitory antibodies against the carbohydrate-binding domain of the Gal/GalNAc adherence lectin
 (1) VALIDATION OF NEW DIAGNOSTIC TESTS SPECIFIC FOR E. HISTOLYTICA:

Summary:

a) TechLab E. histolytica II antigen test for stool samples was more sensitive than the prior “gold standard” of amebic culture of stool for the detection of E. histolytica infection.  Species-specific identification of E. histolytica by antigen detection, isoenzyme analysis of cultured amebae, and PCR agreed in > 85% of cases.  In contrast the classical stool ova and parasite exam was insensitive and nonspecific.

b) TechLab E. histolytica II antigen test also proved to be an excellent non-invasive means for the diagnosis of amebic liver abscess, by virtue of its ability to detect amebic antigen circulating in serum in 96% (22/23) of patients.

Conclusion:  New diagnostic tests provided sensitive and specific identification of E. histolytica infection.

Data:

A prerequisite for the study of amebiasis in humans was accurate diagnostic methods.  The classic stool ova and parasite examination, whereby E. histolytica is identified by its appearance in trichrome or iron hematoxylin-stained stool specimens, cannot differentiate E. histolytica from the nonpathogenic but identical appearing parasite E. dispar.  The stool ova and parasite exam is also insensitive and under-represents the true incidence of E. histolytica infection.  We developed, in collaboration with TechLab, Inc., FDA-approved stool antigen detection assays that are specific for the pathogenic parasite E. histolytica.  The antigen detection assays capture and detect the parasite’s Gal/GalNAc lectin from stool or serum samples.  We screened stool samples from children in the Mirpur camp of Dhaka, Bangladesh with the antigen detection test (TechLab E. histolytica Test) and compared the results with those obtained by culture, PCR and stool ova and parasite exam.  The TechLab E.  histolytica test was 3 times more sensitive than stool ova and parasite for the identification of E. histolytica/E. dispar infection.  The TechLab E. histolytica test detected 85% of E. histolytica infections identified by the “gold standard” of amebic culture plus isoenzyme analysis.

Prior to starting the field studies in Mirpur we improved the sensitivity of the antigen detection test (now a second generation FDA-approved test called the TechLab E. histolytica II test).  The second generation antigen detection test identified E. histolytica infection in 100% (16/16) of culture-positive specimens, and overall identified infection in 4.3% (50/1164) asymptomatic preschool children aged 2-5 years from Mirpur.  Polymerase chain reaction (PCR) on stool was used to confirm that almost all (27/34 ) of the antigen-positive but culture-negative specimens were true positive results.  We concluded that the TechLab E. histolytica II test had excellent sensitivity and specificity for the detection of E. histolytica infection in stool.

Apart from the need for a rapid and reliable test for the diagnosis of intestinal infection for the field studies we had planned, there was also a clinical need for a non-invasive diagnostic test for amebic liver abscess.   Amebic and bacterial abscesses appear identical on ultrasound or computer tomography, and it is rarely possible to identify Entamoeba histolytica in stool specimens from patients with amebic liver abscess.  We used the detection in serum of circulating E. histolytica Gal/GalNAc lectin to diagnose amebic liver abscess in patients from Dhaka, Bangladesh.   The TechLab E. histolytica II test (which differentiates the true pathogen E. histolytica from E. dispar) detected Gal/GalNAc lectin in the serum of 22/23 (96%) amebic liver abscess patients tested prior to treatment with the anti-amebic drug metronidazole, and 0/70 (0%) controls.   After one week of treatment with metronidazole 9/11 (82%) patients became serum lectin antigen negative. We concluded that the TechLab E. histolytica II kit is a sensitive means to diagnose hepatic and intestinal amebiasis prior to the institution of metronidazole treatment.


(2) ASYMPTOMATIC COLONIZATION WITH E. HISTOLYTICA IS COMMON AND USUALLY SELF-LIMITED:

Summary:

a) Approximately 4% of preschool children in the Mirpur Camp in Dhaka Bangladesh were asymptomatically infected with E. histolytica.

b) Co-infection with both E. histolytica and E. dispar was observed in 14% (3/21) of E. histolytica infections examined.

c) Asymptomatic E. histolytica infection resolved without symptoms in most individuals without administration of specific anti-amebic therapy.

Data:

The prevalence of asymptomatic infection with E. histolytica was not known prior to our work, as without the use of E. histolytica specific diagnostic tests it was assumed that most asymptomatic infections were due to the noninvasive parasite Entamoeba dispar.   Using the TechLab E. histolytica II test, asymptomatic E. histolytica  infection was detected in approximately 4% of preschool children in Mirpur, Bangladesh.  

Table 2.  Point Prevalence of E. histolytica Infection in the Mirpur Refugee Camp as Determined

by Different Methods for the Diagnosis of Amebiasis



 We wished to determine the natural history of asymptomatic E. histolytica infections.  After obtaining IRB approval and informed consent from the parents, we followed 17 E. histolytica-infected children for a period of 12 months. E. histolytica infection was detected in the stool samples of only 3/17 children at 6 months follow-up, and in 0/14 children examined at 12 months follow-up. Three of the 17 children developed dysentery during the course of the study (at 3, 3, and 5 months) and were treated successfully with metronidazole (2 cases) or trimethoprim-sulfamethoxazole (1 case). We concluded that colonization with E. histolytica is common, and that most children colonized with E. histolytica do not develop invasive amebiasis.  Clearance of colonization in the absence of anti-amebic therapy suggested the existence of acquired immunity to colonization.

 (3) GENETIC DIVERSITY WITHIN E. HISTOLYTICA ISOLATES FROM DHAKA DEMONSTRATED BY SREHP GENE POLYMORPHISMS
Summary:

a) We developed a nested PCR protocol that enabled the amplification directly from stool (without an intervening step of amebic cultivation) of the polymorphic “SREHP” gene of E. histolytica.

b) 36 different SREHP polymorphisms were identified, with 25 different SREHP polymorphisms in the 42 stool isolates examined, and 10 different patterns in the 12 liver abscess isolates (only 1 of which was a similar pattern to an intestinal isolate).  
Conclusion:  Strain-specific identification demonstrated many genetically distinct E. histolytica strains infecting children in our prospective study.
Data:
The varied organ tropisms and clinical presentations of infection by Entamoeba histolytica have stimulated interest on the role of parasite genetic diversity in virulence. We investigated genetic diversity among 54 E. histolytica isolates from Bangladesh by analyzing polymorphism in the serine-rich gene by nested PCR on DNA extracted from stool and liver aspirate pus.  We detected both size and restriction site polymorphisms among the isolates within this endemic area. A combination of the nested PCR results and AluI digestion of the PCR products examined yielded 25 distinct DNA banding patterns among the 42 stool isolates and an additional 9 distinct patterns among the 12 liver abscess isolates. Approximately half of the isolates had unique polymorphisms. We concluded that there is genetic diversity within E. histolytica isolates from an endemic population as reflected in SREHP gene polymorphism


 (4) THE GAL/GALNAC ADHERENCE LECTIN SEQUENCE IS HIGHLY CONSERVED IN GENETICALLY DISTINCT ISOLATES OF E. HISTOLYTICA

Summary:

a)   The E. histolytica Gal/GalNAc lectin mediates parasite adherence to and killing of host cells

b)  In contrast to the SREHP polymorphisms, the sequence of the carbohydrate recognition domain (“CRD”) of the parasite’s Gal/GalNAc lectin was highly conserved between different E. histolytica isolates from Dhaka, Bangladesh.

Conclusion:  Conservation of the CRD sequence suggests that an anti-CRD antibody response could provide cross-protection against different E. histolytica isolates.
Data:


We utilized a nested PCR approach to directly amplify and sequence the CRD region from three isolates that had genetically distinct SREHP genes.  The CRD region of the lectin gene from Dhaka differed at < 3 of 126 amino acids. Sequencing of the rest of the lectin gene from Dhaka isolates is not yet completed.  We concluded that the CRD region’s sequence conservation and important role in mediating amebic adherence to the host made it a potential target for strain cross-protective and colonization-blocking antibody responses. 


 (5) PROSPECTIVE OBSERVATIONAL STUDIES OF AMEBIASIS IN PRESCHOOL CHILDREN IN MIRPUR, DHAKA BANGLADESH 

Summary:

a) 77% (230/300) of entered children are still enrolled in the study at 2 years

b) New E. histolytica infections were detected in 55% (127/230) of the children and 11% (26/230) have had amebic diarrhea and 4.3% (10/230) amebic dysentery in the initial two years of observation. 

c) More than one new E. histolytica infection was seen in 17% (38/230) of the children.

Conclusion:  Amebiasis is common and contributes significantly to preschool childhood morbidity.  Sequential infection with genetically distinct strains of E. histolytica was documented, and was useful for distinguishing new from relapsed infections.  

Data:

We studied 300 preschool children aged 2-5 years from Mirpur, an urban slum in Dhaka.  The inhabitants of Mirpur are of Bihari ethnic origin, and settled there after the liberation of Bangladesh from Pakistan in 1971.  The area is densely populated with poor sanitary and hygienic conditions.  Stool specimens were collected every month for detection of E. histolytica infection by antigen capture and culture.  The parents and child were visited and interviewed every other day by health care workers.  Children with diarrhea were also detected through the parents contacting project personnel at the field clinic. When diarrheal disease was detected, a stool sample was collected for E. histolytica testing and the child examined.  During the first 12 months of the study 39% (105/269) of the children had > one new E. histolytica infection, with 3.1% (4/129) of the new infections associated with dysentery.  We concluded that E. histolytica infection was a common and at times serious infection in this population.


The development of PCR techniques for the identification of genetically stable polymorphisms in the SREHP gene of E. histolytica enabled us to distinguish different strains of E histolytica infecting the same child.  We succeeded at amplifying the SREHP gene in two or more stool samples collected monthly from the same child in a total of 39 children and over a period of two years of observation.  These gave a total of 119 amplification products and 80 pairs of comparison samples.  There were 62 different SREHP polymorphisms observed in the 119 samples.  A maximum of 4 “different strains” of E. histolytica were responsible for establishing infections in each of three children.  The other 36 children on average were infected by two different strains during the period of observation.  An infecting strain was most likely to be different if there had been no preceding E. histolytica infection detected in the preceding two months: 88% (30/34) strains were different when they were separated in time by at least two months of no infection, vs. 22% (6/27) when there was no interval without E. histolytica infection.  We concluded that some children are consecutively infected with genetically distinct strains of E. histolytica.  This genetic heterogeneity could have important implications for the pathogenesis of and immune response to amebiasis.



 (6) DEMONSTRATION OF ACQUIRED MUCOSAL IMMUNITY TO ENTAMOEBA HISTOLYTICA INFECTION IN CHILDREN FROM MIRPUR:

Summary:

a) The presence of stool IgA (sIgA, 1&2) against the lectin of E. histolytica was associated with an absence of E. histolytica colonization (as determined both by stool culture & antigen detection) and a decreased incidence of new E. histolytica infection.

b) b)  IgA anti-lectin antibodies directed against the lectin carbohydrate recognition domain (CRD) had a higher correlation with protection than did IgA antibodies against the intact lectin, and were associated with a 70% decrease in new infection over 2 years of observation.

Data:

It was not known if immunity to amebiasis was acquired from a previous infection.  We investigated this issue in our observational study of E. histolytica infection in children in Mirpur.  Specifically we asked whether protection from intestinal infection correlated with mucosal or systemic antibody responses to the Entamoeba histolytica Gal/GalNAc adherence lectin. 

The presence of stool anti-lectin IgA was associated with the absence of E. histolytica colonization: 0% (0/64) of IgA (+) and 13.4% (33/246) of IgA (-) children were infected as determined by antigen detection (p = 0.001) (Table 3). While culture was a less sensitive test than antigen detection, it too demonstrated the absence of E. histolytica infection in children with stool IgA anti-lectin antibodies: 0% (0/64) of IgA (+) vs. 6.5% (16/246) of IgA (-) children were culture (+) (p = 0.04) (Table 3).


A one-year prospective study was conducted on 289 children ages 2-5 in Mirpur.  93% (269/289) remained in the study at 12 months. The 289 children included subgroups of 145 children with and 144 without serum anti-lectin IgG at enrollment, and 46 children with and 243 without stool lectin specific IgA antibodies at enrollment.  There were no significant differences among the groups of children at the time of enrollment in age and nutritional status, although age was higher in seropositive children (p=0.004), while height was higher in seronegative children (p=0.01). During the 12 months, 39% (105/269) of the children had at least one new E. histolytica infection, with 3.1% (4/129) of the new E. histolytica infections associated with dysentery. 

Children with stool IgA lectin-specific antibodies at the beginning of the study had 64% fewer new E. histolytica infections by 5 months (3/42 IgA (+) vs. 47/227 IgA (-); p = 0.03). (Figure 5A). 100% (4/4) of 

the new E. histolytica infections associated with dysentery occurred in the IgA (-) children, but this did not achieve statistical significance. A stool anti-lectin IgA response was detected surrounding resolution of infection in 67% (12/18) of closely monitored new infections. We concluded that a mucosal IgA anti-lectin antibody response is associated with immune protection against E. histolytica colonization.   

Children with stool IgA anti-CRD (Carbohydrate Recognition Domain) antibodies had 86% fewer new E. histolytica infections at 12 months.  We detected stool anti-CRD IgA in the monthly surveillance stool samples of 81 children in the first year of the observational study.  We then followed these children for new E. histolytica infection for an additional year, and observed that the children with stool IgA anti-CRD had a significantly lower incidence of new E. histolytica infection (6% IgA (+) vs. 42% IgA (-); p < 

0.001) (Figure 5B).  The lower incidence in children with stool IgA anti-CRD was also observed when the data were analyzed by monthly culture of E. histolytica from stool (a classic if much less sensitive technique than antigen detection).  Over 24 months 1.2% of the IgA (+) children had a culture positive vs. 7.4% of the IgA (-) children  (p=0.04).



 (7)  PARADOXICAL INCREASED INCIDENCE OF NEW E. HISTOLYTICA INFECTIONS IN CHILDREN WITH SERUM IgG ANTI-LECTIN ANTIBODIES:

Summary:

a) Serum anti-lectin IgG  was present in 14.6% of 1164 preschool children screened in Mirpur. 

b) Serum anti-lectin IgG was associated with an increased future risk of E. histolytica infection & diarrhea.

c) The subset of serum anti-lectin IgG (+) children who also had IgG anti-CRD IgG did not have a significantly increased risk of E. histolytica infection.  Anti-CRD antibodies blocked in vitro adherence.

Conclusion: Serum anti-lectin IgG, but not serum anti-CRD IgG, is a marker for increased risk of future amebiasis.   

Data:

In contrast to the association of stool IgA anti-lectin antibodies with decreased E. histolytica infections, children with serum IgG lectin-specific antibodies at 12 months had 53%, and at 24 months 37%, more new E. histolytica infections  (p < 0.01 at both time points) (Figure 6).   Infection with E. histolytica appeared to be more severe in children who were anti-lectin IgG (+), with 19% associated with diarrhea compared to 5.4% in IgG (-) children (p=0.04, Table 4).  Environmental factors were comparable between the children with and without anti-lectin IgG as best as could be determined, including area of residence within Mirpur, family size, age, sex and nutritional status.  IgG purified from the serum of children that contained anti-lectin and anti-CRD antibodies inhibited adherence, whereas anti-lectin antibodies that did not also recognize CRD did not block adherence (18 + 2% vs. 108 + 13% adherence respectively; p < 0.03).  Children with serum IgG anti-CRD antibodies had a risk of future amebiasis comparable to IgG (-) children (Figure 6).  


 (8)  QUALITATIVE DIFFERENCES BETWEEN ANTI-LECTIN AND ANTI-CRD SERUM IgG:

Summary:

a) Anti-CRD IgG is present in only a subset of children who have anti-lectin or anti-trophozoite IgG. 

b) Anti-CRD IgG lacks the IgG4 isotype associated with IL-4 production 

Conclusion: Immunregulation of the anti-CRD IgG and anti-lectin IgG responses differs.

These data are of importance for the insight that they provide about the regulation of the serum anti-lectin IgG antibody response that is associated with an increased risk of amebiasis.  The lack of IgG4 anti-CRD antibodies (Table 5) is interesting in light of the fact that IL-4 is thought to be required for production of the IgG4 isotype.  This is consistent with a pro-inflammatory cytokine milieu (lacking IL-4) being associated with the acquired immune response associated with anti-CRD IgG. 


(9)  ANTI-LECTIN IgG ANTIBODY RESPONSE RUNS IN FAMILIES

Summary:

a)   552 subjects in 111 pedigrees were examined for the anti-lectin IgG (+) trait.

b) 
The risk of being serum anti-lectin IgG (+) was significantly higher for siblings of an index child who was serum anti-lectin IgG (+)  

c)
7.4% of all E. histolytica infections in preschool children in Mirpur could be attributed to anti-lectin IgG (+) trait.

Conclusion: Family aggregation of anti-lectin IgG (+) trait in families was consistent with genetic inheritance of the anti-lectin IgG (+) trait.

Data:  Familial aggregation of anti-lectin serum IgG would be expected if the trait is genetic, but could also be seen if the trait is due to environmental spread within a household.  We examined family members of our index children for serum lectin specific IgG (217 and 211 family members of 67 anti-lectin IgG (+) and 62 IgG (-) children, respectively). Analysis of 214 siblings and 99 sibships with the index child showed the risk of having E. histolytica was significantly different for case and control families. Siblings of an anti-lectin IgG (+) index child have a 4.8 times higher odds ratio (95% CI: 2.34, 9.90) of having an anti-lectin IgG (+) antibody response themselves, compared to siblings of an anti-lectin IgG (-) index child.   The association persists after accounting for age, sex and other helminth co-infections.  A separate analysis of 189 parents and 108 parent-index child relationships did not show statistically significant associations.  We suspect that the lack of an association of anti-lectin IgG status in parents to children could be to a trait that is only evident in childhood or to inaccuracy in defining the anti-lectin IgG status in adults who may not be as frequently infected as children (and therefore whose anti-lectin IgG response could wane).

(10)  ASSOCIATION OF CLASS II ALLELES WITH THE IgA ANTI-CRD MUCOSAL ANTIBODY RESPONSE ASSOCIATED WITH PROTECTION FROM AMEBIASIS.

Summary:

a)   All 220 children who had completed 24 months in the study were successfully typed at medium resolution for HLA class II DRB1, 3, 4, 5, and DQB1 by PCR-SSO (Table 6).

b) 
The class II DQB1*201/202/203 group of alleles was associated at a marginal level of significance with production of mucosal IgA against the lectin CRD in preliminary studies (Table 7).

Conclusion: It was possible to HLA type the children in the Mirpur cohort, and initial studies suggest a possible genetic restriction in the ability to produce the mucosal anti-CRD IgA associated with protection from amebiasis.

Data:  Genomic DNA was extracted from peripheral blood of the 220 children from the Mirpur study cohort and used for class II typing by the polymerase chain reaction and sequence-specific oligonucleotide (PCR-SSO) method by Dynal, Incorporated (Bromborough, United Kingdom).  Molecular typing by this methodology is more specific than classical serologic typing.  All of these children have been followed for 24 months and during that time 55% have been infected with E. histolytica.  The association of class II alleles with the presence or absence of E. histolytica infection assumed that the children were representative random samples from the community.  Alleles with a frequency < 5% in the population were excluded from the analysis.  The odds ratio was computed to estimate the relative risk for class II genes. The significance of the deviance from one was tested using the Chi-square2 statistic with one degree of freedom.  To correct for multiple testing in order to quote significance levels in this association study a Bonferroni correction was made.  

There is a marginally statistically significant association of the DQB1*02 alleles with the presence of a protective stool IgA response to the parasite CRD (Table 7).  This preliminary observation will be pursued with higher resolution typing which will differentiate DQB1*0201 into DQB1* 0201, 0202 or 0203.  We will then retest these alleles defined by the higher resolution typing for association with the ability to produce IgA anti-CRD.  Our expectation is that only one of the alleles will be associated with the phenotype.  At the same time we will continue to collect data on the prevalence of the stool IgA anti-CRD response in the children through testing of monthly stool samples.  So our measures of both the genotype and phenotype will be refined during the study period. 
We also expect that in this SE Asian population that the DQB1*0202 allele will predominate.  This is important to know since the DQB1*0201 allele in Caucasians is in strong linkage disequilibrium with DRB1*0301, This DQB1*0201 DRB1*0301 haplotype in Caucasians is commonly seen in people with autoimmune diseases.  In SE Asians DRB1*0301-DQB1*0201is less common as the predominant DQB1*02 is DQB1*0202 which is in linkage disequilibrium with DRB1*07.  Allelic level DQA typing will be conducted as well, as it could be argued that the stool anti-CRD IgA effect is not due to DQB1*0202 but to another allele that is also in linkage diqequilibrium with  DQB1*0202.  The common haplotypes in SE Asians are:

DRB1*07011-DRB4*0103101-DQB1*0202-DQA1*0201

DRB1*07011-DRB4*0103102N-DQB1*0303-DQA1*03

DRB1*07011-DRB4*0101-DQB1*0202-DQA1*0201

Table 6: Class II DRB1 and DQB1 Alleles and association with stool anti-CRD IgA (+) vs.  stool anti-CRD IgA (-) during 12 months of follow up.

	DRB1 Alleles
	# Alleles with IgA

anti-CRD

(-)
	# Alleles with IgA anti-CRD (+)
	Total
	Frequency of IgA

anti-CRD

(-)
	Frequency of IgA 

anti-CRD

 (+)

	DRB1*0101
	3
	6
	9
	2.6
	2.3

	DRB1*0301
	1
	12
	13
	0.9
	4.7

	DRB1*0401
	0
	1
	1
	0
	0.4

	DRB1*0402
	0
	2
	2
	0
	0.8

	DRB1*0403
	4
	17
	21
	3.5
	6.6

	DRB1*0404
	2
	1
	3
	1.7
	0.4

	DRB1*0405
	3
	4
	7
	2.6
	1.6

	DRB1*0701
	21
	47
	68
	18.3
	18.3

	DRB1*0801
	1
	1
	2
	0.9
	0.4

	DRB1*0803
	0
	1
	1
	0
	0.4

	DRB1*0901
	1
	2
	3
	0.9
	0.8

	DRB1*1001
	5
	12
	17
	4.3
	4.7

	DRB1*1101
	6
	15
	21
	5.2
	5.8

	DRB1*1106
	0
	1
	1
	0
	0.4

	DRB1*1116
	0
	1
	1
	0
	0.4

	DRB1*1201
	2
	0
	2
	1.7
	0

	DRB1*1202
	6
	13
	19
	5.2
	5.1

	DRB1*1301
	10
	9
	19
	8.7
	3.5

	DRB1*1302
	2
	2
	4
	1.7
	0.8

	DRB1*1404
	5
	19
	24
	4.3
	7.4

	DRB1*1410
	1
	1
	2
	0.9
	0.4

	DRB1*1501
	39
	84
	123
	33.9
	32.8

	DRB1*1510
	0
	1
	1
	0
	0.4

	DRB1*1601
	0
	1
	1
	0
	0.4

	DRB1*1602
	3
	3
	6
	2.6
	1.2

	Total # of alleles
	115
	256
	371
	100
	100


(Table 6, continued)

	DQB1 Allele
	# Alleles with IgA

anti-CRD

(-)
	# Alleles with IgA anti-CRD (+)
	Total
	Frequency of IgA

anti-CRD

(-)
	Frequency of IgA

anti-CRD

(+)

	DQB1*05
	0
	1
	1
	0
	0.4

	DQB1*201
	10
	50
	60
	8.8
	19.4

	DQB1*301
	16
	29
	45
	14
	11.3

	DQB1*302
	7
	22
	29
	6.1
	8.6

	DQB1*303
	10
	10
	20
	8.8
	3.9

	DQB1*401
	3
	3
	6
	2.6
	1.2

	DQB1*402
	1
	2
	3
	0.9
	0.8

	DQB1*501
	9
	23
	32
	7.9
	8.9

	DQB1*502
	6
	14
	20
	5.3
	5.4

	DQB1*503
	9
	26
	35
	7.9
	10.1

	DQB1*601
	31
	62
	93
	27.2
	24

	DQB1*602
	2
	3
	5
	1.7
	1.2

	DQB1*603
	8
	6
	14
	7
	2.3

	DQB1*604
	2
	6
	8
	1.7
	2.3

	Total # of alleles
	114
	257
	371
	100
	100


Table 7: Unadjusted Odds Ratio of Stool anti-CRD IgA (+) vs. Stool anti-CRD IgA (-) during 12 months of follow up by Class II DQB1and DRB1 alleles.

	DQB1 Alleles
	Odds Ratio
	95% CI
	p value
	p value c

	DQB1*201
	2.5
	1.24,  5.09
	0.009
	0.054

	DQB1*301
	0.78
	0.41,  1.49
	0.45
	NS

	DQB1*503
	1.31
	0.60,  2.85
	0.50
	NS

	DQB1*601
	0.85
	0.52, 1.40
	0.53
	NS


	DRB1 Alleles
	Odds Ratio
	95% CI
	p value
	p value c

	DRB1*0701 
	1.00
	0.57, 1.77
	0.98
	NS

	DRB1*1501 
	0.95
	0.6, 1.51
	0.83
	NS


c P value corrected using Bonferroni Correction. (n=6). Association analysis was performed if there was >10% frequency of either + or – infection for an allele. The Bonferroni Correction was performed for each of the 4 categories based on the number of associations conducted for both DRB1 and DQB1 by category.   All statistical analyses were done using STATA v. 6.0 (College Station Texas)

 (11)  CYTOKINE RESPONSES OF PERIPHERAL BLOOD MONONUCLEAR CELLS (PBMC) FROM MIRPUR CHILDREN.

Summary:

a)   40 Mirpur children and 8 control children from Dhaka (who are not residents of urban slums and were seronegative for amebiasis) have had PBMC purified, cultured with antigen, and IL5 cytokine production measured.

b) 
IL5 was produced in response to soluble amebic antigen and purified lectin in the Mirpur children but not to any appreciable extent in the control children.  IL5 was produced at approximately equal quantities by PBMC from children with and without observed E. histolytica infection.  IL5 production was observed in response to tetanus toxoid in the Mirpur children (not yet tested in the controls) and to mitogenic stimulation with PHA in both the control and Mirpur children.

Conclusion: The methodology for PBMC antigen-specific cytokine production is established in Dr. Haque’s laboratory and ready to be applied to the proposed studies.

Data: Antigens from E. histolytica used included soluble amebic antigen,which is a saline extract of whole amebic trophozoites, monoclonal antibody affinity-purified purified amebic Gal/GalNAc lectin, tetanus toxid and phytohemagglutinin (PHA).  All antigens were preabsorbed with a polymyxin B column and confirmed to be free of endotoxin contamination by the limulus lysate assay prior to use.  Fresh PBMC were purified from whole blood from the children by centrifugation on Ficoll-Paque Plus (Amersham) and resuspended in RPMI 1640 with 10% fetal calf serum.  Cells were be incubated at 37° C for 72 hours and determination of IL5 cytokine levels determined by ELISA with a standard curve using known quantities of recombinant IL5 performed with each assay.   

Table 8: IL5 Production by PBMC from Mirpur Children and Controls 

According to Antigenic Stimulus

	Antigen
	Group
	No. of

children
	Median
	Cytokine level (Pgr/ml)

	
	
	
	
	Range
	Mean ± SEM

	E. h. Lectin
	Mirpur 
	40
	   0.0
	0 – 145
	18.9  ± 5.1

	
	Control
	8
	0.0
	0-0
	0

	
	
	
	
	
	

	E. h. Antigen
	Mirpur
	40
	165
	0 – 2107
	389.8  ± 79

	
	Control
	8
	10
	0 - 60
	10 ± 7.9

	
	
	
	
	
	

	PHA
	Mirpur
	40
	321
	28.5–2323
	509 ± 92

	
	Control
	8
	250
	112 - 684
	323 ± 76

	
	
	
	
	
	

	Tetanus Toxoid
	Mirpur
	40
	86.4
	0 – 2323
	292 ± 78

	No Antigen
	Mirpur
	40
	0.0
	0 – 42.3
	1.5 ± 1.0

	
	Control
	8
	0.0
	        0 - 0
	0


Summary of Preliminary Data: 
• Stool antigen detection was the most sensitive and specific test for detection of E. histolytica infection.

• Strain-specific polymorphism in the E. histolytica SREHP gene was used to distinguish new from relapsed E. histolytica infection.

• 230 children from Mirpur have completed year 2 of an ongoing prospective observational study:

-4.3% (10/230) of the children have had dysentery (without identifiable bacterial causes of dysentery) associated with new E. histolytica infection.

-11% (26/230) have had diarrhea with the new E. histolytica infection.

-40% (91/230) were without symptoms with the new E. histolytica infection. 

• The sequence of the lectin carbohydrate recognition domain (CRD) was highly conserved between different isolates of E. histolytica.

• Stool IgA against the CRD was associated with an 86% reduction in new E. histolytica infections at 12 months of prospective observation.

• Children with the class II DQB1*201/202/203 group of alleles were significantly more likely to have stool IgA against the CRD.

• Children with serum IgG anti-lectin antibodies had an increased risk of future new E. histolytica infections.  The serum anti-lectin IgG trait associated with susceptibility to amebiasis clustered in families and included production of IgG4 isotype antibodies seen in Th2 immune responses.


The two major conclusions from this work are:
1) Acquired immunity to amebiasis exists and is associated with a mucosal anti-CRD IgA response.

2) Amebiasis is a common disease that adversely affects the health of preschool children in Mirpur.

Unanswered questions from the study include:

1) Duration of acquired immunity associated with stool IgA anti-CRD antibodies.

2) Characterization of the cellular immune response associated with infection and immunity.

3) Community (as opposed to hospital) data on the impact of E. histolytica infection on grade school aged children.
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Project generated resources:  

(1) A serum and stool bank is available that includes serum from every 4 month blood draws and matched frozen stool specimens, HLA class II typing and clinical histories of 300 children in the Mirpur refugee camp.  This represents an invaluable resource for the study of emerging enteric infectious diseases.  Dr. Beth Kirkpatrick is already utilizing this for her studies of cryptosporidiosis (please see letter in this grant application).

(2) New stool and serum antigen detection tests for amebiasis have been produced and validated.  The company that we have worked with to produce and FDA-validate these tests is making them available at no cost for epidemiologic studies of amebiasis (Parasitology Today 2000, 16:320-321). 

(3) A nested PCR technique has been developed that allows strain-specific identification of E. histolytica without the need for amebic cultivation.

D.  RESEARCH DESIGN AND METHODS

Introduction: Dr. Samuel Stanley wrote that “studies from a cohort of children in Bangladesh have provided some critical insights into immunity to intestinal amebiasis” in a Perspective article written about our work (36).   Dr. Stanley highlighted not only the insights from our Bangladesh study, but also the unanswered questions that we propose to address in this revised competing continuation:

How long does protective immunity persist? 

Why does protective immunity not develop in all individuals? 

Prospective studies have the potential to uncover unanticipated aspects of infectious diseases. In the area of HIV research some of the most important insights have come from prospective observation.  An excellent example is the Nairobi Kenya female sex worker cohort.  An HIV-resistant subset of commercial sex workers has been identified in this study who remained persistently uninfected (HIV seronegative) despite daily exposure to HIV.  This resistance occurred in the absence of mutations in chemokine receptors known to affect HIV susceptibility in Caucasians.  These resistant sex workers had CTL responses that responded to different HIV epitopes than their susceptible co-workers.  The demonstration that some women can resist infection with HIV, and the delineation of unique aspects of their immune response, may have significant implications for HIV vaccine design (37). 

In a similar manner the current study of amebiasis has demonstrated previously unknown aspects of the interaction of host and parasite.  Before this study began 3 years ago the existence of acquired immunity to amebiasis and the impact of amebiasis on preschool children were unknown. We are just scratching the surface of what can be learned from this study.  These include determining the durability of immunity associated with mucosal IgA against the CRD, examining cellular immune responses to E. histolytica and their association with protection from infection, testing the contribution of class II alleles to humoral and/or cellular protective responses, and measuring the contribution of amebiasis to illness in grade school aged children. 

Our presence in the community, which includes in Mirpur a field office, a clinic providing free 6 days a week care, and every other day visits to the children by health care assistants, has led to a very high retention rate.  Only 3.5% of the children were lost to the study in the last year, with currently 220 children participating.  It is thus feasible to study this cohort for an additional 5 year period.


Specific Aim 1:  Determine the impact of amebic disease on the community.  

Hypothesis:  Amebic infections will increase in the children as they enter grade-school ages.

Rationale:  The conventional wisdom is that E. histolytica is not a major etiologic agent of diarrhea or dysentery in children.  This is based on studies that did not use the new sensitive and specific antigen detection and PCR diagnostic tests that have been developed by us (as part of this grant) and others.  Data from the first two years indicates that amebiasis is having as great an impact as shigellosis on the health of preschool children in this community.  The children are now entering grade school, which is the age where we have observed the highest incidence of amebic colitis in the ICDDR,B hospital that serves the Mirpur community (Table 9).  The next 5 years of the study therefore provide an opportunity to obtain community-based information on the incidence and impact of amebiasis during the expected peak incidence of amebiasis.

Significance:  Resources are limited for the development of vaccines against tropical diseases.  It is only through concrete data on the community incidence of amebiasis that decisions can be reached about how to best invest the available resources to provide the maximum benefit to child health in the developing world.

Table 9.  Age specific prevalence of E. histolytica by microscopy and culture 

of diarrhoeal patients at the ICDDR,B (surveillance).*


Age in
         Number


Positive by

Positive by

 years
       examined

  
microscopy

   culture

__________________________________________________________



<1

730

  
 1 (0.13%)

 6 (0.82%)

1-5

611


10 (1.63%)       
18 (2.94%)

6-14

213


17 (7.98%)

24 (11.26%)

15-44
    
671
  

 31 (4.61%)

54 (8.04%)

45+

170
 
 
12 (7.05%)

12 (7.05%)

__________________________________________________________



Total

   2395
        

71 (2.96%)
       
114 (4.75%)

*A 4% systematic survey of all patients coming to the ICDDR,B

 Dhaka Hospital. R. Haque, personal communication.

Approach:  The cohort study, which now includes 220 chldren, will be continued for this aim as described here and in the preliminary results.  Outcomes to be measured include the number of episodes of diarrhea (including scoring of the severity of diarrhea and dysentery), “new E. histolytica infection”, “Entamoeba histolytica exposure without evident infection”, “multiple E. histolytica infections”, “amebic diarrhea”, “amebic colitis” and “amebic liver abscess”.  

Definitions of Amebiasis.  The essential element of this study is the careful and detailed description of E. histolytica infections in the children.  In order not to miss an infection tremendous effort is made,  which includes visits to the children every other day, establishing and staffing 6 days a week a clinic on site at which all study participants receive free care, testing  all diarrheal stools and monthly surveillance stools for E. histolytica (by both culture and antigen detection), and obtaining surveillance serologic tests for amebiasis every 4 months.  Because a study such as ours had never been done, we have had to validate some of the terms that we defined such as “new E. histolytica infection” (see below).


Diarrhea: An episode of diarrhea is defined as the occurrence of three or more loose, watery, or bloody stools in a period of 24 hours, or two more than the usual daily number of loose or watery stools.  Scoring of the severity of diarrhea: Severity of diarrhea is assessed by a modification of the point system of Ruuska et al (48) that will measure: (a) duration of diarrhea in days; (b) maximal number of stools per day; (c) presence of occult or gross blood; (d) degree of dehydration/weight loss; and (e) need for rehydration or hospitalization.  Dysentery:  Diarrheal stools containing occult or gross blood.

A new E. histolytica infection is defined as an E. histolytica positive stool culture (a surveillance or diarrheal stool specimen that was positive by culture or antigen detection) preceded by at least 2 months of negative surveillance stool samples.  This definition of new infection was validated by DNA fingerprinting of the amebae.  When an infection was preceded by > 2 months of no infection then 88% (30/34) of the infecting strains of E. histolytica had unique DNA fingerprints, vs. only 22% (6/27) when an infecting strain was detected at < 1 month after a negative surveillance stool sample.  In fact most new infections occur after 6 months of no infection, and if one changed the definition of new infection to require 6 months without infection (which we do not plan to do) this would not alter the statistical significance of the results of the study to date.  Entamoeba histolytica exposure without evident infection is defined as a positive 4 month serum antibody test for anti-lectin and/or anti-trophozoite IgG preceded by prior negative screening serologic tests. Multiple E. histolytica infections are defined as > 1 new E. histolytica infection since entering the study.

Amebic diarrhea is defined as a new E. histolytica infection accompanied by diarrhea but without blood in the stool.  This is by necessity the least rigorous of all of the definitions as it is never possible to rule out another enteropathogen in addition to E. histolytica as the cause of the new diarrheal episode.  (Our one year experience with “complete” diagnostic workups for all known bacterial, viral and parasitic enteropathogens in 500 cases of diarrhea in the children in our study has been that in only 50% of the cases have we been able to identify a known enteropathogen).  

Amebic colitis is defined as a diarrheal stool sample containing occult or gross blood that is positive for E. histolytica and negative for Shigella, Salmonella and Camplylobacter sp. infection, with consistent findings of colonic ulceration if sigmoidoscopy or colonoscopy with biopsy is performed (not required), and a response to anti-amebic therapy.  (Shiga-toxin producing E. coli are not routinely tested for as our survey of 248 diarrheal stool samples from these study children revealed no STEC infections). Probable amebic colitis: Diarrhea with gross or occult blood present and E. histolytica identified in the stool, and with a response to anti-amebic medications, consistent findings of colonic ulceration if sigmoidoscopy or colonoscopy with biopsy is performed, but with other intestinal pathogens capable of causing dysentery present.  Amebic Liver abscess: Demonstration of a liver abscess by ultrasound or other imaging technique in a patient with serum anti-E. histolytica antibodies and a clinical response to metronidazole.

Diagnosis of E. histolytica Infection.  Infection is diagnosed by detection of antigen in stool with the E. histolytica II test (designed to detect specifically E. histolytica in stool) performed according to manufacturer's instructions (TechLab, Inc, Blacksburg, VA).  Every stool sample is also cultured for Entamoeba species in Robinson’s medium within 6 hr of collection, a less sensitive but classical test for amebiasis.  PCR is used as a confirmatory test in special situations, for example in distinguishing new from relapsed infection (see Progress Report), but is not used routinely as antigen detection is a more sensitive and easier to perform assay in our hands.

Enzyme-linked immunosorbent assay for detection of serum and stool anti-lectin antibodies.  The procedure to detect anti-GalNAc lectin serum IgG and stool IgA antibodies by ELISA was modified from that of Kelsall et al. using microtiter plates coated with purified GalNAc lectin (49).  A sample was considered positive for serum anti-lectin IgG if the optical density reading was ( 0.5, a cut-off point > 3 standard deviations above the mean of uninfected Dhaka children and of negative sera from a non-endemic country.  IgA was purified from stool samples using anti-human IgA (alpha-chain specific-agarose, product No. A22691, Sigma) according to manufacturer’s instructions.  Stool samples containing 5 (g of total IgA were tested for GalNAc lectin-specific IgA.  A sample was considered positive if the optical density reading was > 0.188, a cut-off point > 2 standard deviations above the mean of infected Dhaka children.

Cognitive and nutritional assessments.  Based on recent studies on long-term impact of early childhood malnutrition and/or diarrhea on cognitive function in Peru (78) and Brazil (79) we will also test cognitive function in our cohort children.  Long-term consequences of E. histolytiuca infection and diarrheal illnesses will be measured during the last year of the study by nutritional status (mean height for weight, weight for age and weight for height), Tests of Non-verbal Intelligence III scores, Weschler Intelligence Scale for Children Coding Tasks and Digit Span scores and Wide Range Assessment of Memory and Learning sub-tests.  Confounding health and environmental factors to be examined will include growth stunting during infancy, school attendance and other intestinal parasitic infections.

Statistical analysis. All data collected are computer coded and analyzed with an SPSS package (Release 7.5, SPSS Inc, Chicago).  Comparisons among means of different variables are made using Student's t tests or a nonparametric test if the variables are not normally distributed.  Chi-square and Fisher's exact test are used for categorical variables to compare proportions between two groups. For all methods, a value of p<0.05 is considered significant.
Specific Aim 2.  Determine the longevity of human immunity to E. histolytica.

Hypothesis:  Resistance to amebiasis associated with the stool IgA anti-CRD response will be long-lived.  

Rationale: In this aim we will follow the children in the cohort to test persistence of immunity associated with mucosal IgA against the CRD (or cellular anti-amebic immunologic responses discovered in Aim 2). A decreased rate of new E. histolytica infection has been observed in preschool children in association with adherence-inhibitory mucosal IgA against the E. histolytica lectin CRD (Figure 5).   Experience with other enteric diseases such as rotavirus, cholera, salmonellosis and shigellosis suggests that immunity is long-lasting.  For example recovery from infection with the classical biotype of V. cholerae provides protection against re-infection for up to three years (38).  Seroepidemiologic surveys have demonstrated that with increasing age the titers of vibriocidal antibodies increases and the incidence of V. cholerae infection decreases. Natural rotavirus infection has been demonstrated to protect against both subsequent infection and diarrhea: children with two previous infections had an adjusted relative risk of subsequent infection and diarrhea of 0.40 and 0.17 respectively (39).  

While it is a reasonable expectation for immunity to be similarly long-lasting in amebiasis, there is some reason to expect it not to persist.  We have observed that the peak incidence of amebiasis is in grade-school aged patients at the ICDDR,B hospital that serves the Mirpur community,  and not in the younger pre-school children in whom we have observed acquired immunity (Table 9).  Others have made similar observations of the older ages of individuals with amebic colitis in Egypt and Brazil (40, 41).  Case series of patients with amebic colitis in Natal, South Africa (42) and in Dhaka, Bangladesh (43) have also demonstrated a peak incidence in children age 6-14.  

One could hypothesize that environmental factors (for example decreased antigen exposure to E. histolytica as the children age from toddlers where fecal-oral exposure is maximum) could affect immunologic memory.  The mechanism by which immunologic memory is maintained by both T and B cells is one of the great unanswered questions in immunology.  The role of continued antigen exposure for maintenance of memory has been suggested by the observation that adoptively transferred T and B memory cells exponentially decline in the absence of continued antigen exposure.  Controversy exists as in other experiments adoptively transferred memory CD8 + T cells persisted in the absence of continued antigen exposure, although exposure to antigenically related environmental antigens could not be ruled out (see ref. #44 for a review of this subject).  A real world illustration of the potential need for continual antigen exposure to maintain memory is HIV infection in the Nairobi Kenya sex worker cohort.  This long-term prospective study demonstrated that a small group of female sex workers were resistant to HIV infection despite intense sexual exposure to the virus.  Unfortunately HIV resistant women who reduced their sex work in the preceding year lost HIV-specific CD8+ T cell responses, and became susceptible to infection.  Most infecting strains did not exhibit CTL escape mutations, suggesting that waning immunologic memory in the absence of continual antigen exposure was at the root of the susceptibility (45).  As our study children transition into the grade school years it thus will be important and of general interest to immunologists to know if their immunity persists. 
 


Significance.   Knowledge of the duration of naturally acquired immunity associated with mucosal anti-CRD IgA is important to determine how practical an amebiasis vaccine would be.  If immunity is short-lived then frequent revaccination might be required.  If other anti-amebic immune responses (such as IFN and/or TNF production) are associated with more durable immunity, then an anti-amebic vaccine might need to be designed to maximize these responses.   If we find as the study progresses that a subset of children are relatively resistant to amebic infection or disease (in a manner analogous to the Nairobi commercial sex worker cohort and HIV infection) this will allow potentially revealing comparisons of immune responses between resistant and susceptible children in aim 2.

Study Protocol. Currently 220 children aged 5-8 years from Mirpur are enrolled in the study.  Mirpur is an urban slum in Dhaka located 15 minutes away from the laboratories of Dr. Haque at the ICDDR,B.   The main variables measured are new E. histolytica infection, E. histolytica diarrhea, and E. histolytica dysentery.  These variables are correlated with the immune responses measured in Aim 2.  Foremost in this aim will be the correlation of new infection with the presence of stool anti-CRD IgA antibodies.  Stool IgA anti-CRD was detected in 81 of the children in the first year of the study, and these children when followed for an additional year (year 2 of the cohort study) had an 86% reduction in new E.  histolytica infections compared to children without IgA anti-CRD (Figure 5B).  The production and consequences of fecal anti-CRD IgA will be followed dynamically. Children who develop stool IgA anti-CRD will be prospectively compared to children who are fecal IgA anti-CRD (-) for their subsequent rate of new E. histolytica infection.  In addition the original 81 children who were fecal IgA anti-CRD (+) during year 1 will continue to be followed.  In this way we should be able to derive estimates of the length of time after development of fecal anti-CRD IgA that the rate of E. histolytica infection is diminished.

The study population is stable and drop-outs from the study have been low.  After 2 years of observation 79% (230/289), and after 3 years 76% (220/289) of the children remain in the study.  The inhabitants of Mirpur are of Bihari ethnic origin, and settled there after the liberation of Bangladesh from Pakistan in 1971.  The area is densely populated with poor sanitary and hygienic conditions.  Stool specimens are collected every month for detection of E. histolytica infection by antigen capture and culture, and detection of stool secretory IgA against the lectin and the lectin CRD by ELISA.  Serum is collected every 4 months for detection of anti-amebic antibodies.  The parents and child are visited and interviewed every other day by health care workers.  Children with diarrhea are also detected through the parents contacting project personnel at the field clinic that we have established (and at which study participants receive free medical care). When diarrheal disease is detected, a stool sample is collected and the child examined.  Children with new E. histolytica infection who develop dysentery are treated for amebiasis with metronidazole.  Informed consent was obtained from the parents of the children for their participation in the study. HIV infection was not tested, due to the low prevalence in high-risk groups in Dhaka (< 3% in sex workers and injecting drug users)(46).  Height and weight of the children are assessed quarterly using the standard procedures of the World Health Organization.  The Ethical Review Committee of the ICDDR, B: Center for Health and Population Research, and the Human Investigation Committee of the University of Virginia, reviewed, approved and continuously monitor the study design.


Specific Aim 3.  Investigate the nature of the acquired immune response to 

E. histolytica infection. 

Hypothesis 3A:  Because production of the mucosal anti-CRD IgA that is associated with protection  is class II restricted, only children with certain MHC class II alleles are capable of producing mucosal anti-CRD IgA.    

Rationale 3A:  A decreased rate of new E. histolytica infection is associated with the production of adherence-inhibitory mucosal IgA against the E. histolytica lectin 100 amino acid carbohydrate recognition domain (CRD).  However only a minority (81/230) of children have been observed to produce this anti-CRD IgA response.  The small size of the CRD suggests that only a subset of class II alleles will be capable of presenting it to CD4 + T cells to provide T cell help for antibody production.  We will therefore look for an association of class II alleles with production of mucosal anti-CRD IgA.  Additionally because of the potential importance of class II restricted immune responses in defense against amebiasis we will test for associations of class II alleles with infection and/or disease due to E. histolytica.

Significance:  If the ability to produce adherence-inhibitory mucosal anti-CRD IgA is restricted to only a subset of the population with the proper class II alleles this would suggest that a vaccine comprised solely of the CRD would fail to provide protection to a significant proportion of the population. 

Hypothesis 3B: Acquired immunity will be associated with cell mediated immune responses that produce interferon gamma (IFN), tumor necrosis factor alpha (TNF) and nitric oxide (NO). Additionally because class II restricted immune responses are likely to play important roles in the production of these acquired immune responses, certain MHC class II alleles will be associated with the ability to mount an effective acquired immune response.  

Rationale 3B: Cell mediated immune responses could be protective via their effects on macrophages and neutrophils.  For example macrophages activated in vitro with IFN and/or TNF kill E. histolytica trophozoites via NO production.  Conversely the HLA class II antigens would act to present amebic peptide antigens to CD4+ T cells to induced these acquired immune responses, and certain class II alleles might be more or less capable at presenting protective antigens to the immune system.  In fact serologic HLA typing has suggested an association of HLA-DR3 with susceptibility to amebic liver abscess in a Mexican population.

Significance: Assessment of the nature of the cell mediated immune responses associated with protection is important for vaccine design, including the route of immunization (mucosal vs. systemic), adjuvant, and ability to use surrogate markers of protection in early stages of measuring vaccine efficacy. 

Approach:   5ml blood will be collected at baseline and during acute infection with E. histolytica for assessment of cell-mediated immunity, anti-E .histolytica antibodies and HLA typing (at baseline only). Peripheral blood mononuclear cells (PBMC) will be collected from the children at baseline and during acute infection with E. histolytica.   PBMC will be stimulated with soluble amebic antigen (SAA), purified lectin and recombinantly-expressed CRD. Cytokine production will be measured by ELISA or ELISPOT (for IL4).  Levels of cytokine production and mucosal and serum antibody production will be correlated with each other and with past and future incidence of amebiasis.  The class II gene alleles of the children will be determined in year 1using DNA-based HLA typing. 

Approach:

(3A) Class II Analyses: The human leukocyte antigen (HLA) complex on chromosome 6 contains > 200 genes which are divided into classes I-III.  Class I and II gene products function to present foreign antigens, processed into short peptides, to the immune system.  The extensive polymorphism of class I and II genes may be maintained by genetic pressure from the need to present many different foreign peptides to the immune system to combat multiple different and potentially lethal  infectious diseases.  The class II genes function to present peptides generated by the endocytic protein-processing pathway to CD4 + T cells.  These endocytosed proteins include proteins from infectious pathogens such as Entamoeba histolytica.  Most class II processing occurs in the “professional” antigen presenting cells B cells, macrophages and dendritic cells. A single class I or II allele is thought to be capable of presenting several thousand different peptides to a CD4 + T cell. The peptide-binding groove of the class II molecule is open-ended and accommodates peptides that are longer (> 15 residues) and with less restricted amino-terminal sequences than peptides presented by class I.


The outcome of any infectious disease depends on both host and pathogen.  Specific class I and/or II alleles may be required for acquisition of acquired resistance to an infectious pathogen.  A corollary is that resistance-associated alleles may be more prevalent in a geographic region where the infection is most common.  Heterozygosity (as opposed to homozygosity) of HLA alleles has also been associated with resistance to infectious diseases (specifically HIV and HCV), presumably due to the greater variety of peptides that can be presented to the immune system (50, 51).


There are several parasitic infections for which associations of class I or II alleles to the susceptibility or course of disease have been made.  This has included for malaria the association in the Gambia of the class I HLA-B*53 allele and class II HLA-DRB1*1302/DQB1*0501 haplotype with mild Plasmodium falciparum malaria (52), class II DR*04 alleles with more severe malaria in Gabon (53), and a controversial proposed role for a specific variable region as opposed to an allele (position 11 of the class II DP alpha chain) in outcome of Onchocerca volvulus and Schistosoma haematobium  infections (54, 55).  Comparison of patients with Trypanosoma cruzi infection from Venezuela has shown that the DRB1*01/DQB1*0501 haplotype is significantly more common in patients with Chagasic cardiomyopathy (56).  


Successful clearance of hepatitis C virus infection is associated with class II alleles with some differences observed between ethnic groups.  The class II allele DRB1*11 & DQB1*0301 have been associated with clearance of infection in British (57) and DRB1*11 in Turkish patients (58),  and DRB1*0101 and/or DQB1*0301 haplotype in Irish (59) and white Americans (60).  The HLA-DRB1*1302 allele is associated with the clearance of hepatitis B virus in the Gambia (61) and conversely class II DQA1*0501 and DQB1*0301  with persistent hepatiits B virus infection in African Americans (51).  The differences observed in HLA alleles associated with clearance of HCV and HBV in different ethnic groups could reflect differences in the age or route of acquisition of infection.  Resistance to infection with human papilloma virus type 16 virus is associated with DQB1*0602 and DRB1*1501 (62).  Finally for HIV virus chronic non-progressors are more likely to be HLA-B*5701 and rapid progressors HLA-B35, A29 and –B22 (63, 64).


For E. histolytica the less sensitive serologic typing of HLA class II has been used to look for associations with infection and invasion (65, 66).  An increased frequency of HLA-DR3 was identified in Mexican mestizo adults and children with amebic liver abscess compared to healthy controls.  Of all individuals with amebic liver abscess, the children when compared to adults had a significant increase in HLA-DR5 and an absence of HLA-DR6 (66).  No association of serologically defined HLA alleles was found for individuals with asymptomatic intestinal infection with E.histolytica/dispar when compared to healthy controls (65).  We conclude from these preliminary studies that there may be linkage of class II genes with some forms of amebiasis and that higher resolution typing, which would be a more sensitive test for linkage, is worthwhile.

We propose to test for an association of class II alleles with the development of acquired immunity and risk of future E. histolytica infection.  A protective immune response is associated with an IgA response against a 100 amino acid epitope (the CRD) on the Gal/GalNAc lectin.  Children who do not make this antibody response are at increased risk of future infection.  Because of the requirement that peptides be presented on class II for an antibody response to be generated, it makes sense that differences in class II alleles between children in Mirpur could explain the ability or inability to make anti-CRD antibody responses.  A practical reason to want to do this is if we find that antibody responses to the CRD can only be made in a subpopulation of children with the proper class II alleles, then antigens in addition to the CRD will be needed to be included in a vaccine to protect the majority of the population.  Additionally, the finding of an association of class II alleles with resistance or susceptibility to new E. histolytica infection would be pursued by an examination of potential contributions of CD4+ T cell responses in immunity, for example by correlation with antigen-specific cytokine production.  

We will use sequence specific primers (SSP) (Dynal, Inc.) for DNA-based HLA tissue typing. The Dynal SSP products consist of panels of primer mixes where each primer mix allele-and group-specific primers, as well as a control primer pair matching non-allelic sequences in the samples.  The control primer pair functions as an internal PCR control to verify the efficiency of the PCR amplifications.  Dynal SSP is based on the principle that a perfectly matched primer will be more efficiently used in the PCR reaction than a primer with one or several mismatches in its 3 ’-end.  The specificity of the typing system is part of the PCR amplification step, and the assignment of alleles merely consists of determining whether amplification has occurred or not, i.e. visualization and detection of the amplification by agarose gel electrophoresis.  We will begin with “low resolution” sets that resolve the HLA alleles at the generic level (which agrees in general with serologically defined specificity), which will direct us to follow with subtyping sets that provide high resolution at the allelic level. Dr. Victor Engelhard of the University of Virginia will assist us with these studies (see letter).

We have made some progress on class II analysis in the last 3 months, including typing to medium resolution all of the children for HLA DR1, 3, 4, and 5 and DQB1 (Table 7).  A marginally significant (Bonferroni corrected p = 0.054) association of the class II allele DQB1*201 with the presence of stool anti-CRD IgA has been made (Table 7, p36). This preliminary observation will be pursued with higher resolution typing which will differentiate DQB1*0201 into DQB1* 0201, 0202 or 0203.  We will then retest these alleles defined by the higher resolution typing for association with the ability to produce IgA anti-CRD.  (Please see the Progress Report on pp34-36 for a more detailed discussion).

Approach:

(3B)  Measurement of Cell Mediated Immune Responses
The lack of severe amebiasis in patients with the acquired immunodeficiency syndrome suggest a less than stringent requirement of CD4 (+) T cells for protective immunity.  However, lymphocytes from patients recovered from invasive amebic disease proliferate in response to amebic antigens, have amebicidal activity, and produce interleukin-2 and gamma interferon (IFN-) (25).   Macrophages and neutrophils, activated with IFN-and TNF-are endowed with the capability of killing E. histolytica trophozoites, while in the absence of IFN-these effector cells were killed by the amebae (25-28).  In murine macrophages TNF-was shown to play a central role in activating macrophages for nitric oxide-dependent cytotoxicity against E. histolytica (28).  It is therefore not unlikely that the antigen-specific production of certain cytokines could be associated with the acquired immune state in amebiasis.  

A problem with the measurement of cell mediated immune responses is that it would be unethical and impractical to sample cytokine production at the colonic site of E. histolytica infection in children.  (Colonoscopy is almost never required for the diagnosis of amebiasis now that sensitive and specific stool antigen detection tests are available).  So an immediate question is to what extent does the cytokine profile of peripheral blood mononuclear cells (PBMC) purified from whole blood reflect the immune response in the intestine?  Lymphocytes are known to recirculate in the body after activation at a local site such as the intestine.  For example B and T cells activated in Peyer’s patches and mesenteric lymph nodes travel via the bloodstream to the intestinal epithelium and mucosa.  Lymphocyte homing from the blood into the intestine is mediated in part by lymphocyte adhesins that bind to intestine-specific receptors on the vascular endothelium.  The best understood lymphocyte adhesin known to target lymphocyutes to the intestine is the integrin which binds to the mucosal addressin cell adhesion molecule (MadCAM)-1 expressed on endothelial cells of the intestinal lamina propria  (67).   In murine rotavirus infection it has been shown that  (+), but not B lymphocytes successfully transfer IgA-mediated gut immunity to naïve mice.  These  (+) rotavirus-specific B lymphocytes are found in the spleen and bone marrow of mice, although at lower frequency than in the Peyer’s patch and intestinal lamina propria (68).

So it should be possible to sample an intestinal immune response from a systemic site such as the bloodstream, but the question remains as to how representative this measurement is of an intestinal immune response.  There have been comparisons made in murine models of intestinal infections that shed some light on the subject.  The murine parasite Trichuris muris infects solely the large intestine.  Comparison of cytokine responses measured simultaneously in the mesenteric lymph nodes and PBMCs demonstrated that the dominant cytokine responses (IL4, IL5, IL9 and IFN-) in the mesenteric lymph nodes were also detected in the PBMCs (69).  In murine colitis caused by Helicobacter hepaticus similar temporal patterns of lymphocyte proliferation, IL10, IFN-and TNF-were observed in the mesenteric lymph nodes and spleen (70).   In contrast the small intestine pathogen reovirus led to immune responses that were measurably different in the spleen and gut-associated lymphoid tissue, with IFN-and IL2 detected at both sites, but IL-5 and IL-6 only observed in the Peyer’s patch lymphocytes (71).  Finally in Trichinella spiralis infected mice IFN-producing cells predominated in the spleen while IL-5 producing cells prevailed in the mesenteric lymph nodes (72).  Therefore conclusions drawn from studies of cell mediated immune responses from systemic sites should include the caveat that they may not be entirely representative of the intestinal immune response. Certainly as the study progresses and methodologies advance to sort immune cells targeted to the intestine from total PBMC (for example with cell surface markers such as  we will plan to study their immune responses in at least a subset of the children in order to correlate our findings from the study of PBMC.  However our initial approach will be to study PBMC as we feel that the preponderance of the evidence is that systemic sampling should give a picture of the intestinal response and allow a more feasible approach to the delineation of cell mediated immune responses associated with E. histolytica infection.  

Cytokine measurements from PBMC stimulated with antigen have been revealing as to the nature of cellular immune responses in humans for several tropical diseases.  Resistance to reinfection with Plasmodium falciparum has been associated with antigen-specific production of IFN-by PBMC (73).  The geohelminths Ascaris lumbricoides and Trichuris trichiura have surprisingly been shown to have opposite effects on PBMC cytokine production with A. lumbricoides-infectd subjects having high frequencies of IL-4 and IL-5 producing cells (74) and T. trichiura-infected individuals producing IL-10, IFN-and TNF-(75).  Urinary tract morbidity in schistosomiasis has been found to correlate with cellular immune responses to parasite antigen, with patients with exaggerated granulomatous responses to the parasite and associated urinary tract pathology having up to 50 times the level of TNF  production (76).  Thus there is reason to be optimistic that comparisons of cellular immune responses and specifically cytokine production induced by amebic antigens will be revealing when humans with different outcomes of exposure to E. histolytica infection (defined in Aim 1) are compared.

Antigens from E. histolytica to be used include soluble amebic antigen, which is a saline extract of whole amebic trophozoites, monoclonal antibody affinity-purified amebic Gal/GalNAc lectin, and E. coli-expressed fragments of the Gal/GalNAc lectin including the carbohydrate recognition domain (CRD).  All antigens will be preabsorbed with a polymyxin B column and confirmed to be free of endotoxin contamination by the limulus lysate assay prior to use.  Fresh PBMC will be purified from whole blood from the cohort children by centrifugation on Ficoll-Paque Plus (Amersham) and resuspended in RPMI 1640 with 10% fetal calf serum.  Cells will be incubated at 37° C for 48-72 hours (depending upon the optimum time for individual cytokines) for determination of IL5, IL10, IFN-and TNF-production.  Nitric oxide synthase enzyme activity will be analyzed by measuring the conversion of 14C-L-arginine to 14C-L-citrulline from PBMC pellets (77).  Cytokine levels will be determined by ELISA with a standard curve using recombinant lymphokines performed with each assay.  IL4 production by antigen-stimulated PBMC will be determined by ELISPOT as we have found that the levels of soluble IL4 in the cultures are too low to be detected by ELISA.
Timetable and Division of Effort

Years 1-4 of the proposed study will center on the prospective observation of the children through their early grade school years.  During the fifth year of the study the oldest children will be age 15 and just leaving the age group where the peak prevalence of E. histolytica infection is expected.  The clinical observations of the children will end during year 5 as each child completes his or her 8 year period of prospective observation.  The successful completion of the observational study will provide concrete community-based information on infection and immunity to amebiasis in children from ages 2-15 in the developing world.  There is no other source for this kind of information and there are no other ongoing studies of this nature to our knowledge.

The foundation of the proposed work is the accurate diagnosis of E. histolytica infection, disease and immune response.  This will be compulsively measured during all 5 years of the study so that accurate clinical histories of amebiasis can be assigned to each child for correlation with immune responses and HLA haplotypes.  Our expectation is that the experience of the children with amebiasis will continue to evolve into several distinct clinical groupings.  These groups will include children who do and do not develop anti-CRD IgA response, children who do and do not have immunity associated with an anti-CRD IgA stool antibody response, children who have been infected once, multiple times or not at all, and children who have been infected and have had diarrhea or dysentery associated with the infection. 

Years 1 and 2 will be heavily involved in measurements of baseline cell and humoral immune responses in the children, as outlined in Aim 2.  Measurements of humoral and cell mediated immunity coincident with new E. histolytica infection will continue during the entire study period.  High resolution class II typing will also be conducted during years 1-2, specifically to resolve the DQB1*02 alleles that at present have marginal statistical association with stool anti-CRD IgA production (higher resolution typing should provide more sensitivity for discovering linkage as unlinked alleles are removed from the analysis) .  Years 3-5 will include additional studies of the immune responses, based on hypotheses generated by observations in years 1-2, and for example may include additional measures of cell mediated immunity based on observations of the early years of the study, and/or examination of circulating lymphocytes targeted to the intestine during acute E. histolytica infection (a fluorescent activated cell sorter/scanner has .  just been installed at the ICDDR,B).  Years 3-5 will also be the time when the high resolution typing of the HLA class II haplotypes conducted in years 1-2 can be pursued with analysis of genes tightly linked to the interesting haplotypes, such as class III genes.  Years 2-4 will see the application of this information to prospective observation of children through the expected peak years of acquisition of amebiasis.  With the information garnered in the early years of the study we will be able to test for associations of cytokine or humoral immune responses with future infection and disease. Year 5 will not only see the gradual end of the prospective observation of the children, but will be dedicated to data analysis and advanced immunologic studies of patient samples.

All field studies will be conducted at the ICDDR,B.  Techniques for cytokine analysis and class II typing will be for the most part developed at the University of Virginia and transferred as needed to the ICDDR,B.  Cellular and humoral immune measurements will be conducted at the ICDDR,B and to a lesser extent at the University of Virginia.  Data compilation into spreadsheets and preliminary analyses from the field study will continue to be centered at the ICDDR,B with contributions in analysis and study design from the University of Virginia. 

E.  HUMAN SUBJECTS

Protection of Human Subjects. All of the information on human subjects relates to the Dhaka Bangladesh performance field site.  Only at the Dhaka site will humans be enrolled and studied for this research proposal.  Approval from the Human Investigation/Ethics Review Committees will be obtained at each of the participating research centers (the University of Virginia and the International Centre for Diarrheal Disease Research) prior to patient enrollment.

1) Risk to the Subjects.  Human subjects involvement and characteristics.  The subject population is residents of the Mirpur camp in Dhaka Bangladesh.  Their race is Bengali.  We anticipate enrolling up to 400 subjects in this study, with equal inclusion of healthy males and females from ages 2 years to 15.   The criteria for inclusion are being a resident of Mirpur for the cases, and not being a resident of Mirpur and being seronegative for amebiasis for the controls. The criteria for exclusion of the cases are not being a resident of Mirpur or not being between ages 2-15.  The rationale for only studying residents of Mirpur is that this is an area with a high incidence of amebiasis and where we have an established field study site.  Children are included in the study as they are the population most vulnerable to morbidity and mortality due to diarrheal diseases and therefore they are the population where we need the data from this study the most to design a v\accine.  Sources of materials.  All materials collected will be collected specifically for the purposes of this research.  Stool samples will be collected periodically to test for E. histolytica infection and secretory IgA.  Blood will be collected for determination of IgG anti-lectin antibodies, for banking of DNA for HLA analyses, and for purification of peripheral blood mononuclear cells for cytokine assays. All materials from patients will be coded so as to protect confidentiality.  No information from the study will be placed in individuals’ medical records and no information from the study will be communicated outside of the research team that can be linked to an individual.  Potential risks.  The risks to the subject of submitting stool specimens are minimal.  Any individuals found to have symptomatic infection with E. histolytica will be offered treatment at no charge to them.  The risk of submitting a blood specimen are the complications of venipuncture, which include pain, local hematoma and fainting.  HLA typing should have no bearing on health insurance, stigmatization, stress upon family relationships, change in reproductive plans, immigration status, forensic implications or mistaken paternity.  There should be no psychological risks from the impact of the results, disclosure of vague or uncertain results, or stress related to other family members.  Samples will be coded and protected from disclosure.  The personal information collected is not overtly sensitive and if inadvertently disclosed should be of little significance.  If a clear genetic polymorphism is identified that is associated with susceptibility to amebiasis this genetic information will be shared with the study participants, or their parents if the study participant is a minor.

2. Adequacy of protection against risks.  Recruitment and informed consent.  Participants will be recruited by our study staff from the Mirpur population.  Informed consent will be obtained prior to the collection of any information or samples, and will be sought by our Mirpur field staff.  Subjects (and the parents of the subjects if they are minors) will be informed that they are being asked to participate in a study of genetic susceptibility to amebiasis in order to understand why some people are resistant to infection, that they live in an area where amebiasis is endemic, and that the study is being supported by the NIH.  They will be informed that they will be requested to supply stool and blood samples which will be coded so that they cannot be directly linked to them, that DNA from the blood will be stored for HLA typing, and that if anyone involved in the study is exposed inadvertently to the blood that the blood may be tested for evidence of hepatitis B or C or HIV without their further consent (and that they would be informed of the results and offered counseling if it was positive).  Consent forms are translated into Bengali and consent is documented by a signature and a fingerprint of the subject and witnessed by the person obtaining the consent.  Protection against risk.  This research proposal involves minimal risks to the subjects, as documented in part 1 above.  A field clinic is staffed by our study physician and field health care workers, and medical intervention is available in the event of adverse effects to the subjects.  There are no interventions in this study and therefore no formal data and safety monitoring plan.

3.  Potential benefits of the proposed research to the subjects and others.  The knowledge to be gained includes an understanding of the innate and acquired immune responses that limit susceptibility to amebiasis.  The benefit of this information is that it will provide the foundation for a rational approach to making a vaccine to prevent amebiasis.  The benefit to the individual in participating in the study is therefore not at an individual but at a societal level.  Since the risks of participating in the study are small (see above), the benefits are expected to greatly exceed the risks.

4.  Importance of the knowledge to be gained. This study promises to provide the foundation for a rational approach to making a vaccine to prevent amebiasis, and represents little risk to participants, making the risks reasonable in relation to the knowledge that reasonabley may be expected to result.

5.  Collaborating sites. The International Centre for Diarrheal Disease Research, Dhaka, Bangladesh is registered with OHRP (IRB00001822 and IORG0001386; Federalwide Assurance FWA00001468),  Johns Hopkins University Bloomberg School of Public Health OHRP assurance number is FWA00000287, and the University of Virginia is registered with OHRP (IORG 0000264 and IRB 0000447; M1343).  The 4 previous points have been addressed at the collaborating sites adequately at a level of attention that is at least as high as that documented for the applicant organization.  This assurance is in writing and on file at the University of Virginia.  

6. Inclusion of Women in Clinical Research. The proposed dates of enrollment are September 1998 to April 1, 2008.  The subject population for the cases is residents of the Mirpur camp in Dhaka Bangladesh, and for the controls non-residents of Mirpur.  Their race is Bengali.  We anticipate enrolling up to 400 subjects in this study, with equal inclusion of healthy males and females from ages 2 to 15 years.   The criteria for inclusion as cases are being a resident of Mirpur. The criteria for exclusion of cases are not being a resident of Mirpur.  Controls have the opposite inclusion and exclusion criteria.  Our field staff will conduct outreach to ensure equal representation of the sexes in the study.  The rationale for only studying residents of Mirpur is that this is an area with a high incidence of amebiasis and where we have an established field study site.  Children are included in the study as they are the population most vulnerable to morbidity and mortality due to diarrheal diseases and therefore they are the population where we need the data from this study the most to design a vaccine

7. Inclusion of Minorities in Clinical Research.  The proposed dates of are September 1998 to April 1, 2008.  The subject population is residents of the Mirpur camp in Dhaka Bangladesh and the controls are not residents of Mirpur.  Their race is Bengali (Asian).  No special outreach program will be needed to recruit minorities as this study population is by necessity uniformly Bengali.  We anticipate enrolling up to 400 subjects in this study, with equal inclusion of healthy males and females from ages 2 years to 15 years.   The criteria for inclusion as cases are being a resident of Mirpur. The criteria for exclusion of cases are not being a resident of Mirpur.  Controls have the opposite inclusion and exclusion criteria.   The rationale for only studying residents of Mirpur as cases is that this is an area with a high incidence of amebiasis and where we have an established field study site.  Children are included in the study as they are the population most vulnerable to morbidity and mortality due to diarrheal diseases and therefore they are the population where we need the data from this study the most to design a vaccine
8. Inclusion of Children. The proposed dates of enrollment are September 1998 to August 2007.  The subject population is residents of the Mirpur camp in Dhaka Bangladesh.  Their race is Bengali.  We anticipate enrolling up to 400 subjects in this study, with equal inclusion of healthy males and females from ages 2 years to adults.   Children under the age of 2 are not included because of anticipated difficulties in blood drawing. The criteria for inclusion as cases are being a resident of Mirpur. The criteria for exclusion of cases are not being a resident of Mirpur.  Controls have the opposite inclusion and exclusion criteria.   The rationale for only studying residents of Mirpur as cases is that this is an area with a high incidence of amebiasis and where we have an established field study site.   Children are included in the study as they are the population most vulnerable to morbidity and mortality due to diarrheal diseases and therefore they are the population where we need the data from this study the most to design a vaccine
9. Ethnic/racial “Targeted/Planned Enrollment Table Format Page” (attached).



F. VERTEBRATE ANIMALS

None.

F. VERTEBRATE ANIMALS:  None.
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subjects in this study, with equal inclusion of healthy males and females from ages 2 years to 15.   The criteria for inclusion are being a resident of Mirpur for the cases, and not being a resident of Mirpur and being seronegative for amebiasis for the controls. The criteria for exclusion of the cases are not being a resident of Mirpur or not being between ages 2-15.  The rationale for only studying residents of Mirpur is that this is an area with a high incidence of amebiasis and where we have an established field study site.  Children are included in the study as they are the population most vulnerable to morbidity and mortality due to diarrheal diseases and therefore they are the population where we need the data from this study the most to design a v\accine.  Sources of materials.  All materials collected will be collected specifically for the purposes of this research.  Stool samples will be collected periodically to test for E. histolytica infection and secretory IgA.  Blood will be collected for determination of IgG anti-lectin antibodies, for banking of DNA for HLA analyses, and for purification of peripheral blood mononuclear cells for cytokine assays. All materials from patients will be coded so as to protect confidentiality.  No information from the study will be placed in individuals’ medical records and no information from the study will be communicated outside of the research team that can be linked to an individual.  Potential risks.  The risks to the subject of submitting stool specimens are minimal.  Any individuals found to have symptomatic infection with E. histolytica will be offered treatment at no charge to them.  The risk of submitting a blood specimen are the complications of venipuncture, which include pain, local hematoma and fainting.  HLA typing should have no bearing on health insurance, stigmatization, stress upon family relationships, change in reproductive plans, immigration status, forensic implications or mistaken paternity.  There should be no psychological risks from the impact of the results, disclosure of vague or uncertain results, or stress related to other family members.  Samples will be coded and protected from disclosure.  The personal information collected is not overtly sensitive and if inadvertently disclosed should be of little significance.  If a clear genetic polymorphism is identified that is associated with susceptibility to amebiasis this genetic information will be shared with the study participants, or their parents if the study participant is a minor.

2. Adequacy of protection against risks.  Recruitment and informed consent.  Participants will be recruited by our study staff from the Mirpur population.  Informed consent will be obtained prior to the collection of any information or samples, and will be sought by our Mirpur field staff.  Subjects (and the parents of the subjects if they are minors) will be informed that they are being asked to participate in a study of genetic susceptibility to amebiasis in order to understand why some people are resistant to infection, that they live in an area where amebiasis is endemic, and that the study is being supported by the NIH.  They will be informed that they will be requested to supply stool and blood samples which will be coded so that they cannot be directly linked to them, that DNA from the blood will be stored for HLA typing, and that if anyone involved in the study is exposed inadvertently to the blood that the blood may be tested for evidence of hepatitis B or C or HIV without their further consent (and that they would be informed of the results and offered counseling if it was positive).  Consent forms are translated into Bengali and consent is documented by a signature and a fingerprint of the subject and witnessed by the person obtaining the consent.  Protection against risk.  This research proposal involves minimal risks to the subjects, as documented in part 1 above.  A field clinic is staffed by our study physician and field health care workers, and medical intervention is available in the event of adverse effects to the subjects.  There are no interventions in this study and therefore no formal data and safety monitoring plan.

3.  Potential benefits of the proposed research to the subjects and others.  The knowledge to be gained includes an understanding of the innate and acquired immune responses that limit susceptibility to amebiasis.  The benefit of this information is that it will provide the foundation for a rational approach to making a vaccine to prevent amebiasis.  The benefit to the individual in participating in the study is therefore not at an individual but at a societal level.  Since the risks of participating in the study are small (see above), the benefits are expected to greatly exceed the risks.

4.  Importance of the knowledge to be gained. This study promises to provide the foundation for a rational approach to making a vaccine to prevent amebiasis, and represents little risk to participants, making the risks reasonable in relation to the knowledge that reasonabley may be expected to result.

The production and consequences of fecal anti-CRD IgA will be followed dynamically. Children who develop stool IgA anti-CRD will be prospectively compared to children who are fecal IgA anti-CRD (-) for their subsequent rate of new E. histolytica infection.  In addition the original 81 children who were fecal IgA anti-CRD (+) during year 1 will continue to be followed.  In this way we should be able to derive estimates of the length of time after development of fecal anti-CRD IgA that the rate of E. histolytica infection is diminished.

The study population is stable and drop-outs from the study have been low.  After 2 years of observation 79% (230/289), and after 3 years 76% (220/289) of the children remain in the study.  The inhabitants of Mirpur are of Bihari ethnic origin, and settled there after the liberation of Bangladesh from Pakistan in 1971.  The area is densely populated with poor sanitary and hygienic conditions.  Stool specimens are collected every month for detection of E. histolytica infection by antigen capture and culture, and detection of stool secretory IgA against the lectin and the lectin CRD by ELISA.  Serum is collected every 4 months for detection of anti-amebic antibodies.  The parents and child are visited and interviewed every other day by health care workers.  Children with diarrhea are also detected through the parents contacting project personnel at the field clinic that we have established (and at which study participants receive free medical care). When diarrheal disease is detected, a stool sample is collected and the child examined.  Children with new E. histolytica infection who develop dysentery are treated for amebiasis with metronidazole.  Informed consent was obtained from the parents of the children for their participation in the study. HIV infection was not tested, due to the low prevalence in high-risk groups in Dhaka (< 3% in sex workers and injecting drug users)(46).  Height and weight of the children are assessed quarterly using the standard procedures of the World Health Organization.  The Ethical Review Committee of the ICDDR, B: Center for Health and Population Research, and the Human Investigation Committee of the University of Virginia, reviewed, approved and continuously monitor the study design.


Specific Aim 3.  Investigate the nature of the acquired immune response to E. histolytica infection. 

Hypothesis 3A:  Because production of the mucosal anti-CRD IgA that is associated with protection  is class II restricted, only children with certain MHC class II alleles are capable of producing mucosal anti-CRD IgA.    

Rationale 3A:  A decreased rate of new E. histolytica infection is associated with the production of adherence-inhibitory mucosal IgA against the E. histolytica lectin 100 amino acid carbohydrate recognition domain (CRD).  However only a minority (81/230) of children have been observed to produce this anti-CRD IgA response.  The small size of the CRD suggests that only a subset of class II alleles will be capable of presenting it to CD4 + T cells to provide T cell help for antibody production.  We will therefore look for an association of class II alleles with production of mucosal anti-CRD IgA.  Additionally because of the potential importance of class II restricted immune responses in defense against amebiasis we will test for associations of class II alleles with infection and/or disease due to E. histolytica.

Significance:  If the ability to produce adherence-inhibitory mucosal anti-CRD IgA is restricted to only a subset of the population with the proper class II alleles this would suggest that a vaccine comprised solely of the CRD would fail to provide protection to a significant proportion of the population. 

Hypothesis 3B: Acquired immunity will be associated with cell mediated immune responses that produce interferon gamma (IFN), tumor necrosis factor alpha (TNF) and nitric oxide (NO). Additionally because class II restricted immune responses are likely to play important roles in the production of these acquired immune responses, certain MHC class II alleles will be associated with the ability to mount an effective acquired immune response.  

Rationale 3B: Cell mediated immune responses could be protective via their effects on macrophages and neutrophils.  For example macrophages activated in vitro with IFN and/or TNF kill E. histolytica trophozoites via NO production.  Conversely the HLA class II antigens would act to present amebic peptide antigens to CD4+ T cells to induced these acquired immune responses, and certain class II alleles might be more or less capable at presenting protective antigens to the immune system.  In fact serologic HLA typing has suggested an association of HLA-DR3 with susceptibility to amebic liver abscess in a Mexican population.

Significance: Assessment of the nature of the cell mediated immune responses associated with protection is important for vaccine design, including the route of immunization (mucosal vs. systemic), adjuvant, and ability to use surrogate markers of protection in early stages of measuring vaccine efficacy. 

Approach:   5ml blood will be collected at baseline and during acute infection with E. histolytica for assessment of cell-mediated immunity, anti-E .histolytica antibodies and HLA typing (at baseline only). Peripheral blood mononuclear cells (PBMC) will be collected from the children at baseline and during acute infection with E. histolytica.   PBMC will be stimulated with soluble amebic antigen (SAA), purified lectin and recombinantly-expressed CRD. Cytokine production will be measured by ELISA or ELISPOT (for IL4).  Levels of cytokine production and mucosal and serum antibody production will be correlated with each other and with past and future incidence of amebiasis.  The class II gene alleles of the children will be determined in year 1using DNA-based HLA typing. 

Timetable and Division of Effort

Years 1-4 of the proposed study will center on the prospective observation of the children through their early grade school years.  During the fifth year of the study the oldest children will be age 15 and just leaving the age group where the peak prevalence of E. histolytica infection is expected.  The clinical observations of the children will end during year 5 as each child completes his or her 8 year period of prospective observation.  The successful completion of the observational study will provide concrete community-based information on infection and immunity to amebiasis in children from ages 2-15 in the developing world.  There is no other source for this kind of information and there are no other ongoing studies of this nature to our knowledge.

The foundation of the proposed work is the accurate diagnosis of E. histolytica infection, disease and immune response.  This will be compulsively measured during all 5 years of the study so that accurate clinical histories of amebiasis can be assigned to each child for correlation with immune responses and HLA haplotypes.  Our expectation is that the experience of the children with amebiasis will continue to evolve into several distinct clinical groupings.  These groups will include children who do and do not develop anti-CRD IgA response, children who do and do not have immunity associated with an anti-CRD IgA stool antibody response, children who have been infected once, multiple times or not at all, and children who have been infected and have had diarrhea or dysentery associated with the infection. 

Years 1 and 2 will be heavily involved in measurements of baseline cell and humoral immune responses in the children, as outlined in Aim 2.  Measurements of humoral and cell mediated immunity coincident with new E. histolytica infection will continue during the entire study period.  High resolution class II typing will also be conducted during years 1-2, specifically to resolve the DQB1*02 alleles that at present have marginal statistical association with stool anti-CRD IgA production (higher resolution typing should provide more sensitivity for discovering linkage as unlinked alleles are removed from the analysis) .  Years 3-5 will include additional studies of the immune responses, based on hypotheses generated by observations in years 1-2, and for example may include additional measures of cell mediated immunity based on observations of the early years of the study, and/or examination of circulating lymphocytes targeted to the intestine during acute E. histolytica infection (a fluorescent activated cell sorter/scanner has .  just been installed at the ICDDR,B).  Years 3-5 will also be the time when the high resolution typing of the HLA class II haplotypes conducted in years 1-2 can be pursued with analysis of genes tightly linked to the interesting haplotypes, such as class III genes.  Years 2-4 will see the application of this information to prospective observation of children through the expected peak years of acquisition of amebiasis.  With the information garnered in the early years of the study we will be able to test for associations of cytokine or humoral immune responses with future infection and disease. Year 5 will not only see the gradual end of the prospective observation of the children, but will be dedicated to data analysis and advanced immunologic studies of patient samples.

All field studies will be conducted at the ICDDR,B.  Techniques for cytokine analysis and class II typing will be for the most part developed at the University of Virginia and transferred as needed to the ICDDR,B.  Cellular and humoral immune measurements will be conducted at the ICDDR,B and to a lesser extent at the University of Virginia.  Data compilation into spreadsheets and preliminary analyses from the field study will continue to be centered at the ICDDR,B with contributions in analysis and study design from the University of Virginia. 

E.  HUMAN SUBJECTS

Protection of Human Subjects. All of the information on human subjects relates to the Dhaka Bangladesh performance field site.  Only at the Dhaka site will humans be enrolled and studied for this research proposal.  Approval from the Human Investigation/Ethics Review Committees will be obtained at each of the participating research centers (the University of Virginia and the International Centre for Diarrheal Disease Research) prior to patient enrollment.
1) Risk to the Subjects.  Human subjects involvement and characteristics.  The subject population is residents of the Mirpur camp in Dhaka Bangladesh.  Their race is Bengali. We anticipate enrolling up to 400 subjects in this study, with equal inclusion of healthy males and females from ages 2 years to 15.  The criteria for inclusion are being a resident of Mirpur for the cases, and not being a resident of Mirpur and being seronegative for amebiasis for the controls. The criteria for exclusion of the cases are not being a resident of Mirpur or not being between ages 2-15.  The rationale for only studying residents of Mirpur is that this is an area with a high incidence of amebiasis and where we have an established field study site. Children are included in the study as they are the population most vulnerable to morbidity and mortality due to diarrheal diseases and therefore they are the population where we need the data from this study the most to design a vaccine. Sources of materials.  All materials collected will be collected specifically for the purposes of this research.  Stool samples will be collected periodically to test for E. histolytica infection and secretory IgA.  Blood will be collected for determination of IgG anti-lectin antibodies, for banking of

cÖv‡UvKj bst 2003-010
‡cÖÖv‡UvK‡ji wk‡ivbvgt wdì ÷vwWm Ad wnDg¨vb Bw¤§DwbwU Uz G‡gweqvwmm Bb evsjv‡`k|

msiw¶Z ¯^v¯’¨ Z_¨ M‡elbvi †¶‡Î e¨envi /cÖKvk Kivi AwaKvi cÎ|

‡nj_ BÝy‡iÝ †cviUvwewjwU GÛ GKvD›UvwewjwU G± 1996 (GBP AvB wc G G) hyK—iv‡óÖi GKwU †K›`ªxq AvBb, hvi AvIZvq nvmcvZvj, M‡elK I ¯^v¯’¨ †mev cÖ`vbKvixiv Avcbvi/ Avcbvi wkïi AZxZ, eZ©gvb Ges fwel¨Z kvixwiK I gvbwlK ¯^v¯’¨e¨e¯’v, wPwKrmv †mev msµvšÍ hveZxq Z‡_¨i (†Mvcbxq ¯^v¯’¨ Z_¨) †MvcbxqZv msi¶b K‡i _v‡K  Avcwb/Avcbvi wkï hw` GB M‡elYv K‡g© AskMÖn‡bi m¤§wZ cÖ`vb K‡ib Z‡e †m‡¶‡Î msiw¶Z †Mvcbxq Z_¨mg~n M‡elYvq e¨envi Kiv n‡e Ges hviv GB M‡elYvq RwoZ Zv‡`i mv‡_ wewbgq Kiv n‡e| wb‡gœ ewY©Z cÖ‡kœvËi¸wj‡Z wKfv‡e Avcbvi / Avcbvi wkïi cÖ‡`q Z_¨¸wj msi¶b, e¨envi I wewbgq Kiv n‡e Zv mywbw`©ó fv‡e e¨vL¨v Kiv n‡q‡Q|

wKfv‡e Avcbvi/ Avcbvi ev”Pvi msiw¶Z ¯^v¯’¨Z_¨mg~n GB M‡elbvi Ask wnmv‡e e¨envi ev wewbgq Kiv n‡e?

Avcwb/ Avcbvi ev”Pv‡K GB M‡elYvKg© msµvšÍ ¯^v¯’¨Z‡_¨i Rb¨ wRÁvmv Kiv n‡e| GQvovI Avcbvi/ Avcbvi mšÍv‡bi mvwe©K ¯^v¯’¨/wPwKrmv Z_¨vejx ch©v‡jvPbv Kiv n‡e Ges cª‡qvRb n‡j M‡elKe„›` Avcbvi Z_¨mg~n wb‡q Avcbvi wPwKrmvq mswk​ó Wv³v‡ii mv‡_ Av‡jvPbv Ki‡eb| M‡elKiv Zv‡`i M‡elYvKg© cix¶v-wbix¶v Ges cÖ‡kœvË‡ii gva¨‡g bZzb Z_¨ Lyu‡R †ei Ki‡eb| hw` GB M‡elYvKg©wU evB‡ii †Kvb cÖwZôvb, †hgb †Kvb Jla K¤úvbx n‡Z †Kvb cÖKvi Aby`vb jvf K‡i Z‡e ZvI Avcbvi/ev”Pvi ¯^v¯’¨ DcvË mg~n M‡elYv Kv‡R ‰eÁvwbK D‡Ïk¨ AR©‡b e¨envi Kiv n‡e| hvi eY©bv m¤§wZ c‡Î we`¨gvb Av‡Q |

Kvnviv Avcbvi /ev”Pvi msiw¶Z ¯^v¯’¨ Z_¨mg~n e¨envi ev cÖKvk Kivi AwaKvi ‡fvM Ki‡e?

AvB wm wW wW Avi we Ges fvwR©wbqv wek¦we`¨vj‡qi M‡elKe„›` I mswk​ó Kg©xiv hviv GB M‡elYvq Ask wb‡”Qb Zviv G¸wj e¨envi Ki‡eb| GQvovI AvB wm wW wW Avi we Gi B Avi wm I BD wf G Gi GBP AvB wm Ges GB `yB cªwZôv‡bi Ab¨vb¨ m`m¨ hviv GB M‡elYvq hveZxq ch©‡e¶Y I gv‡bvbœq‡bi `vwq‡Z¡ wb‡qvwRZ ZvivI GB Z_¨ mg~n e¨envi Ki‡Z cvi‡eb| AvB wm wW wW Avi we Gi B Avi wm I BD wf G Gi GBP AvB wm  cªwZôvb `ywU wba©vib Ki‡e †h GmKj Z_¨ mg~n †Kb wewbgq Kiv n‡e- GUv wK mvwe©K ch©‡e¶‡bi Rb¨ bv Kv‡Ri myweavi Rb¨? AvB wm wW wW Avi we Gi B Avi wm I BD wf Gi GBP AvB wm Gi AbygwZ mv‡c‡¶ M‡elKMY I mswk​ó Kg©xiv wm×všÍ wb‡eb †h Avcbvi mšÍv‡bi msiw¶Z ¯^v¯’¨ Z_¨ GB `yB cÖwZôv‡bi evB‡i Ab¨ †KD †hgb: ¯^v¯’¨Kg©x, Ab¨vb¨ M‡elKe„›`, M‡elYv Aby`vbKvix cÖwZôvb, AvB wm wW wW Avi we, I  BD wf Gi Avf¨šÍixb ch©‡e¶b Kgx©e„›` Ges wKQz Av‡gwiKvb I Ab¨vb¨ †`‡ki miKvix ch©‡e¶K‡Mvôxi m‡½ e¨envi Kiv n‡e wKbv| Gmg¯Í cÖwZôvb‡K Z_¨ cÖ`vb Kiv n‡e weavq Avcbvi ¯^v¯’¨ Z‡_¨i c~Y© †MvcbxqZv wbwðZ Kiv hv‡e bv|

msiw¶Z Z_¨mg~n  Kv‡`i mv‡_ wewbgq Kiv n‡e?

Avcbvi m¯Ív‡bi msiw¶Z ¯^v¯’¨ Z_¨ wbgœ ewb©Z cÖwZôv‡bi mv‡_ wewbgq Kiv n‡Z cv‡i- 

· GB M‡elYv K‡g©i Aby`vb Kvix cÖwZôvb (hw` cÖ‡hvR¨ nq) ev Zv‡`i mn‡hvMx cÖwZôvb †hgb DcvË msi¶b †K›`Ö, M‡elYv cwiPvjbv cÖwZôvb ev wPwKrmv cix¶vMvi| Aby`vbKvix cÖwZôvb Avcbvi Z_¨ Ab¨ †Kvb cÖwZôvb  †hgb: e¨emvwqK Askx`vi‡`i mv‡_ e¨envi Ki‡Z cv‡i ev Z_¨ mg~n Ab¨ †Kvb †`‡kI cvVv‡Z cv‡i|

· GB M‡elbvq Ask wb‡”Q BD wf G I AvB wm wW wW Avi we Gi evB‡ii †Kvb wPwKrmv †K›`ª, cÖwZôvb ev M‡elKe„›`|

· AvšÍ©RvwZK, †K›`ªxq, ivóªxq ev ¯’vbxq †hme cÖwZôvb M‡elYvKg© BD wf G, AvB wm wW wW Avi we ev †ivMx‡`i Z`viKKvix `vwq‡Z¡ wb‡qvwRZ †hgb (wWcvU©‡g›U Ad †nj_& GÛ wnDg¨vb mvwf©‡mm, w` dzW GÛ WªvM G¨Wwgwbm‡Uªkb, w` b¨vkbvj Bbw÷wUDUm Ad †nj_&, wnDg¨vb wimvP© †cÖv‡UKk‡bi Awdm, †mvm¨vj mvwf©m wWcvU©‡g›U ev Ab¨ miKvix Awdm mg~n hvnv AvB‡b ¯^xK…Z) 

· nvmcvZvj ev Ab¨vb¨ AbygwZcÖvß cÖwZôvb mg~n|

· Av‡gwiKv ev Ab¨vb¨ †`‡ki wewfbœ wbqš¿K cÖwZôvb †hgb  Bw_K¨vj wiwfD †evW©, WvUv Ges †mdwU gwbUwis †evW© BZ¨vw`|

· Avcbvi ev”Pvi wPwKrmv ev h‡Zœi mv‡_ RwoZ †Kvb ¯^v¯’¨Kg©x (hw`I wZwb GB M‡elbvi mv‡_ hy³ bb)|

· cÖ‡qvRb†ev‡a Avcbvi ¯^v¯’¨exgvKvix ev Ab¨vb¨ cÖwZôb‡K Zv‡`i †mevi LiPvw` cvevi Rb¨ hvnv GB M‡elYv cwi‡kva Ki‡e bv|

GB M‡elbvi mv‡_ mswk​ó wewfbœ cÖwZôvb, Zv‡`i Kvh©µg, cvewjK †nj_& wi‡c©vwUs Ges Avbymvw½K  AvBb-Kvbyb gvb‡Z wM‡q Avcbvi/ ev”Pvi Gme Z_¨ Zv‡`i Rvb‡Z n‡jI Zvi †MvcbxqZv i¶vq Avgiv h_vh_ †Póv Ki‡ev| Avcbvi Z_¨ mgyn BD wf G I AvB wm wW wW Avi we Gi evB‡ii †Kvb cÖwZôv‡bi mv‡_ wewbgq Kiv n‡Z cv‡i Ges Zviv †K›`ªxq †MvcbxqZv AvBb bvI gvb‡Z cv‡i|

‡Kb Avcbvi /Avcbvi ev”Pvi msiw¶Z ¯^v¯’¨ Z_¨ Ab¨‡`i mv‡_ wewbgq Kiv cÖ‡qvRb?

GB Z_¨ wewbgq Kivi cÖavb KviY n‡jv M‡elbv Kvh©µg cwiPvjbv Kiv hv c~‡e© m¤§wZ c‡Î eY©bv Kiv n‡q‡Q| Z`ycwi Z_¨ wewbg‡qi gva¨‡g M‡elYv Kvh©µ‡gi h_v_© gvb wbwðZ Kiv Ges cÖvwZôvwbK MÖnb‡hvM¨ gv‡b †cuŠQvb| Z_¨ wewbgq KL‡bv KL‡bv weiƒc NUbv ev Ae¯’vq cwZZ n‡q e¨w³i ¶wZ nIqvi m¤¢ebv †_‡K i¶v †c‡Z mvnvh¨ Ki‡Z cv‡i| Ab¨ KviY ¸‡jv n‡”Q wPwKrmv I ¯^v¯’¨ cwiPh©v cwiPvjbvi LiPvw` enb|

Avcbvi /Avcbvi ev”Pvi msiw¶Z ¯^v¯’¨ Z_¨ KZw`b ch©šÍ Ab¨‡`i mv‡_ e¨envi ev wewbgq Kiv n‡e?

KLb GB Z_¨ bó ev Avi e¨envi Kiv n‡e bv Zvi †Kvb wbw×©ó ZvwiL bvB| GB Kvi‡b †h Z_¨ msM„nxZ Kiv n‡q‡Q M‡elbv Kvh©¨µ‡gi D‡Ï‡k Ges Zv A‡bK eQi hveZ e¨eüZ n‡Z cv‡i, †mRb¨ KLb m¤ú~Y© n‡e Zv wbav©ib Kiv m¤¢e bq|

AbygwZ c‡Î ¯^v¶i †`qvi ci Avcbvi/Avcbvi ev”Pvi wK wK AwaKvi _vK‡e ?

Avcbvi/ Avcbvi ev”Pvi M‡elYv Kvh©µ‡g AskMÖnb †_‡K m¤§wZ cÖZ¨vnvi Kivi AwaKvi _vK‡e| Avcwb Avcbvi m¤§wZ AvB wm wW wW Avi we Ges BD wf G †_‡K cÖZ¨vnvi Ki‡Z cv‡ib hv e¨envi Ges wewbgq Kivi Rb¨ msiw¶Z ¯^v¯’¨ Z_¨ msMÖ‡n M‡elbv Kvh©µ‡gi Rb¨ c~‡e© †`qv n‡qwQj| hvi wfwË‡Z Bb‡fw÷‡MUi ev AvB wm wW wW Avi we, DB wf G M‡elbv I M‡elbv m¤úK©xq Kvh©µg cwiPvjbv BwZg‡a¨B ewa©Z K‡i‡Qb| Ggb wK hw`I Avcbvi m¤§wZ cÖZ¨vnv‡ii d‡j AvB wm wW wW Avi we  ev DB wf G Z_¨ msi¶b e¨envi ev Z_¨ e‡Üi cÖ‡qvR‡b M‡elYv Kvh©µ‡g AmsMwZ †`Lv w`‡Z cv‡i| GKevi m¤§wZ cÖZ¨vnvi Ki‡j Avi ¯^v¯’¨ m¤úK©xq e¨w³MZ Z_¨ PvIqv n‡e bv| hw` Avcwb m¤§wZ cÖZ¨vnvi K‡ib Z‡e Avcbv‡K GB M‡elbv Kvh©µ‡g Avi ivLv n‡e bv| hw` Avcwb Avcbvi m¤§wZ cÖZ¨vnvi Ki‡Z Pvb Ab~MÖn K‡i GKwU cÎ cvVvb (Wt ivwk`yj nK, c¨vivmvB‡UvjwR  j¨ve‡iUix, Gj Gm wW, AvB wm wW wW Avi we, gnvLvjx, XvKv-1212) hv‡Z Avcbvi m¤§wZ cÖZ¨vnv‡ii B”Qv Ges Z_¨ cÖZ¨nv‡ii D‡j​L _v‡K | Avcbvi GB d‡g© ¯^v¶i Kivi ev bv Kivi AwaKvi _vK‡e| hvB‡nvK, hw` Avcwb ¯^v¶i bv Kivi wm×všÍ †bb Z‡e M‡elbv Kvh©µ‡g AskMÖnb Ki‡Z cvi‡eb bv| ¯^v¶‡i Am¤§wZ Avcwb/ Avcbvi ev”Pvi eZ©gvb ev fwel¨‡Z cÖvwZôvwbK †mev MÖn‡b weiƒc cÖfve we¯Ívi Ki‡e bv A_ev kvw¯Íi †Kvb Kvib ev my‡hvM †_‡K ewÂZ n‡eb bv hv Avcwb †c‡q AvmwQ‡jb| 

wewae× AvB‡bi mxgve×Zv mv‡c‡¶ GB M‡elYvi gva¨‡g cÖvc— I msiw¶Z Avcbvi/ Avcbvi ev”Pvi ¯^v¯’¨‡mevi LiPvw` welvqK Z_¨vejx Rvbvi Avcwb/ Avcbvi ev”Pvi AwaKvi i‡q‡Q, hw` Zv ‡Kvb mywbw`©ó AvB‡bi ewn©f‚Z bv nq| †Kej gvÎ M‡elYvi wek&‡jlY Kvh©µg m¤úbœ nevi ci Avcbvi AwaKvi i‡q‡Q msiw¶Z ¯^v¯’¨Z_¨ †`Lv ev Abywjwc Kivi| Avcbvi hLb GB Z‡_¨i cª‡qvRb n‡e ZLb Avcwb AvB wm wW wW Avi we, wRwcI e·-128, XvKv 1000, evsjv‡`k, GB wVKvbvq wjwLZ Aby‡iva Rvbv‡eb |

¯^v¶‡ii gva‡g Avcwb Avcbvi ev”Pvi ¯^v¯’¨ m¤úK©xq msiw¶Z Z_¨ e¨env‡ii Ges cÖKv‡ki AbygwZ cÖ`vb Ki“b|

¯^v¶wiZ GB d‡g©i GKwU Abyjxwc Avcwb cv‡eb | 

bvgt








¯^v¶i/ e„×v¸wji Qvct






ZvwiLt








 M‡elbvq AskMÖnbKvixi e¨w³MZ cÖwZwbwa (cÖ‡qvRb n‡j)

e¨w³MZ cÖwZwbwai bvg:









e¨w³MZ cÖwZwbwai mwnZ m¤úK©:











(†hgb wcZv, AwffveK , ¶gZvcÖvß e¨w³ BZ¨vw`)

Revised on: 19 November  2002





hgl








lgl








CRD





igl 








CRD





Figure 1.  Gal/GalNAc Adherence Lectin of Entamoeba histolytica.  The Gal/GalNAc Lectin mediates parasite adherence to, and killing of, host cells.  It is present on the plasma membrane of the ameba and is composed of three subunits.  The integral membrane heavy subunit (hgl) has a short cytoplasmic tail implicated in intracellular signaling. The carbohydrate recognition domain or “CRD” is located within hgl. Hgl is disulfide bonded to a lipid anchored light subunit (lgl).  Finally the lipid anchored intermediate subunit (igl) is non-covalently associated with the hgl-lgl heterodimer.  The functions of lgl and igl in adherence and killing are unknown (13-16).





Table 1.  Diagnostic tests for amebic colitis.


				Sensitivity			Specificity	


Microscopy1			25-60%			10-50%


Stool Antigen Detection2	>90%				>90%


Stool PCR3			>90%				>90%


Serum Antibody		70%				4


										


1Entamoeba histolytica and E. dispar appear identical by microscopic “O&P” exam of stool, accounting for the low specificity of this test.


2TechLab E. histolytica II test.


3PCR tests are based on the unique DNA sequence of the multi-copy small subunit ribosomal RNA gene of E. histolytica.


4Seropositivity rates of >25-50% in some regions in the developing world limit the specificity of serologic tests in distinguishing acute from past infection.





Test					Results of Screening 680 Children in Mirpur


Stool ova and parasite			4.8%  E. histolytica/E. dispar


Culture				10.4%  E. histolytica/E. dispar 


Antigen Detection			17.3% [4.7% E. histolytica and 12.6% E. dispar]








Figure 2.  Genetic Diversity in SREHP Gene Among E. histolytica Isolates in Mirpur Camp, Dhaka Bangladesh.  Cartoon depiction of the protein sequences of the SREHP gene of 3 different E. histolytica isolates from Mirpur (Bang-1,2,3).  These SREHP sequences are compared with the SREHP gene from the HM1:IMSS laboratory strain of E. histolytica (accession number M80910) (Li and Stanley 1992). The internal tandem repeats are highlighted.  
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 868                    889             894          997


      Bang-7 HYSSLFNLTS YKLHLPQSEE FMKEADKEAY CTYEITTREC KTCSLIETRE


     Bang-11 HYSSLFNLTS YKLHLPQSEE FMKEADKEAY CTYEITAREC KTCSLIETRK


      Bang-4 HYSSLFNLTS YKLHLPQSEE FMKEADKEAY CTYEITTREC KTCSLIETRE


    HM1:IMSS HYSSLFNLTS YKLHLPQSEE FMKEADKEAY CTYEITTREC KTCSLIETRE


  


                                                    955               


      Bang-7 KVQEVDLCAE ETKNGGVPFK CKNNNCIIDP NFDCQPIGCK IQEIVITEKD


     Bang-11 KVQEVDLCAE ETKNGGVPFK CKNNNCIIDP NFDCQPIECK IQEIVITEKD


      Bang-4 KVQEVDLCAE ETKNGGVPFK CKNNNCIIDP NFDCQPIECK IQEIVITEKD


   HM1:IMSS  KVQEVDLCAE ETKNGGVPFK CKNNNCIIDP NFDCQPIECK IQEIVITEKD





  980            994                       


      Bang-7 GIKTTTCKNT TKTTCDTNNK RIEDARK


     Bang1-1 GIKTTTCKNT TKTTCDTNNK RIEDARK


      Bang-4 GIKTTTCKNT TKTTCDTNNK RIEDARK


    HM1:IMSS GIKTTTCKNT TKATCDTNNK RIEDARK








Figure 3.  Genetic Conservation of the CRD Region of the Lectin Gene Among E. histolytica Isolates in Mirpur Camp, Dhaka Bangladesh. Amino acid sequence of the CRD region of the E. histolytica Gal/GalNAc lectin of 3 isolates from Bangladesh compared to the sequence from the  HM1:IMSS laboratory strain of E. histolytica  (originally isolated in Mexico).  These 3 Bangladeshi isolates were genetically distinct as judged by SREHP gene polymorphisms.





Figure 4.  Infection of a Child in Mirpur with Genetically Distinct Strains of E. histolytica. The SREHP gene was amplified by PCR from stool samples from two children (A & B) infected twice (A & A’, B & B’) with E. histolytica during the study period.  Child A was infected at months 8 and 13 and child B at months 10 and 19 of the study.  The amplified SREHP gene products are shown undigested (capital letters) and Alu1 digested (lowercase letters).  Note that the sizes of the PCR products are different with each infection in the same child.  The molecular mass marker is a 50 bp ladder.
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Table 3.  Anti-lectin IgA in Stool is Associated with an Absence of E. histolytica Colonization.   		


Entamoeba histolytica	 Infection as Determined by: 


				        Stool Antigen	        Stool Culture		


					(+) 	(-)		(+)	(-)			


Anti-lectin IgA in Stool


		(+)			0*1	64		0*2	64	


	


		(-)			33	213		16	230


												


Total				33	277		16	294	


*1p = 0.001 compared to IgA (-);  *2p = 0.04 compared to IgA (-).








											 


Total					33	277		16	294	











� EMBED MSGraph.Chart.8 \s ���





Figure 5A.  The Presence of Stool IgA Anti-Lectin Antibodies is Associated with a Lower Incidence of New E. histolytica Infections. Children from Mirpur with (n=42) or without (n=227) stool lectin-specific IgA at the time of enrollment were followed for new E. histolytica infections, as detected by antigen detection in monthly stool samples.  The two groups are statistically significantly different at 5 months (p = 0.03) and 7 months (p = 0.04).
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Figure 5B.  Children who Developed Stool IgA Anti-CRD (Lectin Carbohydrate Recognition Domain) Antibodies in the 1st Year of the Study (n=81) had a Lower Incidence of New E. histolytica Infections in Year 2 Compared to Children who Remained IgA anti-CRD (-) (n=149).  The two groups are statistically significantly different (p < 0.04) at every time point.





Figure 6.  The Presence of Serum IgG Anti-Lectin Antibodies is Associated with a HIGHER Incidence of New E. histolytica Infections. Children from Mirpur with serum anti-lectin IgG (+) (n=119) and anti-CRD IgG (+) (n=87; a subset of the anti-lectin IgG (+) group) or IgG (-) (n=111) at the time of enrollment were followed for 24 months for new E. histolytica infections, as detected by antigen detection in monthly stool samples.  The lectin IgG (+) group is significantly higher than the other two groups at all time points (p < 0.05) except 2 months.
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Table 4.  Children with Serum IgG Anti-lectin Antibodies have More Frequent E. histolytica Infections and More Frequent E. histolytica-associated Diarrhea.  Data are from 24 months of observation of children classified at month 0 as anti-lectin IgG (+) and IgG (-).





Condition				IgG (+) (n=119)	IgG (-) (n=111)	Significance


Children with diarrhea               	76% (90/119)      	72% (80/111)   	NS





Bacterial diarrhea			49% (58/119)       	39% (43/111)   	NS





E. histolytica  diarrhea          		19% (23/119)        	5.4% (6/111)   		p < 0.05





E. histolytica infection			63% (75/119)		46% (51/111)		p < 0.05


 


Ratio E.histolytica diarrhea/infection	31% (23/75)		12% (6/51)		p = 0.01


		





Table 5. IgG Isotypes of the Anti-lectin and Anti-CRD Serum Antibodies  


                ------------------------------------------------------------------------------------------------


                                             Number of sera positive/number of sera tested (%)


              -------------------------------------------------------------------------------------------------





                               	IgG1                   	IgG2                        IgG3               	IgG4





Anti-lectin              117/131 (89%)      	96/131(73%)          63/131(48%)       72/131(55%)





Anti-CRD                   48/94 (51%)     		28/94 (30%)            59/94(63%)          1/94(1%)


________________________________________________________________________
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		59.6638655462		49.43		44.1441441441

		61.3445378151		50.57		44.1441441441

		61.3445378151		50.57		44.1441441441

		63.025210084		52.87		45.045045045

		63.025210084		54.02		45.9459459459
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		Date : 04/10/2001

		Raw Data of Fig: LECAB (+) and LECAB (-)

				Gr. 1				Gr. 2

		Months		LECAB(+)				LECAB(-)				P-value

		MS		#		%		#		%		Gr. 1-2				5.88		1.15		0.90

		2		7				1				0.066				9.24		2.3		1.80

		3		11				2				0.031				21.85		6.9		8.11

		4		26				9				0.003				26.05		11.49		11.71

		5		31				13				0.005				30.25		14.94		12.61

		6		36				14				0.001				33.61		18.39		15.32

		7		40				17				0.001				37.82		19.54		18.02

		8		45				20				0.0008				40.34		22.99		20.72

		9		48				23				0.001				41.18		25.29		23.42

		10		49				26				0.004				46.22		27.59		26.13

		11		55				29				0.001				48.74		31.03		27.03

		12		58				30				0.0007				52.10		34.48		30.63

		13		62				34				0.0009				52.94		34.48		31.53

		14		63				35				0.001				54.62		40.23		36.94

		15		65				41				0.007				54.62		41.38		37.84

		16		65				42				0.01				55.46		42.53		38.74

		17		66				43				0.01				57.14		44.83		39.64

		18		68				44				0.008				59.66		48.28		41.44

		19		71				46				0.005				59.66		49.43		44.14

		20		71				49				0.01				61.34		50.57		44.14

		21		73				49				0.009				61.34		50.57		44.14

		22		73				49				0.009				63.03		52.87		45.05

		23		75				50				0.006				63.03		54.02		45.95

		24		75				51				0.009

		Fig: LECAB (+) and LECAB (-)
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