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1. TITLE OF PRO.ECT (Do not exceed 56 characters, including spaces and punctuation.)
Pield studies of human immunity to amebiasis in Bangladesh

" Number: Title:

2. RESPONSE TO SPECIFIC REQUEST FOR APPLICATIONS OR PROGRAM ANNOUNCEMENT [_|NO  [x|YES f *Yes," state number and file)
TMP Pilot--NIAID and PA-96-048 Expanded Research on Emerging

3. PRINCIPAL INVESTIGATOR/PROGRAM DIRECTOR

Diseases

3a. NAME (Last, first, middle}
Petri, William Arthur Jr.

3b. DEGREE(S)
M.D.. Ph.D,

Jc. SOCIAL SECURITY NO.

3d. POSITION TITLE
Professor

3f. DEPARTMENT, SERVICE, LABORATORY, OR EQUIVALENT
Medicine, Microbiology and Patholocw

3g. MAJOR SUBDIVISION
. [-School of Medicine
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. FAX: 804 924-0075 ,
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BB Principat Investigator/Program Director (Last, first, middle): F€t¥i, William Arthur Jr.

DESCRIPTION. State the application's broad, long-term objectives and specific aims, making reference.to the health relatedness ofthe project. Describe concisely
'l the research design and methods for achieving these goals. Aveld summaries of past accomplishments and the use of the first persan. This descriptionis meant

to serve as a succinct and accurate description of the proposed work when separated from the application, If the application is funded, this description,
. 2s is, will become public information. Therefore, do not include proprietary/confidential infermation. DO NOT EXCEED THE SPACE PROVIDED.

Amebiasis is a common worldwide parasitic infection, respensible annually for 50 million cases
of amebic colitis and liver abscess and 100,000 deaths. Our hypothesis is that immunity to E.
‘ histolytica infection is acquired from previous mfectlon In Specific Aim 1 a three year
i prospective study will measure E. histolytica infection and invasion in cohorts of children ages
2-5in the Mirpur district of Dhaka. If our hypothesis is correct, we would predict the following
outcomes: (a) children who have had prior E. histolytica infection will be less likely to have
future episodes of invasive amebiasis; (b) it is possible that they will also be less likely to be re-
infected with E. histolytica; and (c) if re-infected may clear infection more rapidly. In Specific
Aim 2 we will test the related hypothesis that clearance of asymptomatic infection by E.
histolytica is associated with production of adherence-inhibitory antibodies against the
carbohydrate- bmdmg domain of the Gal/GalNAc adherence lectin. Children with
asymptomatic, noninvasive, E. histolytica infection (identified in Aim 1) will be prospectively
followed from the onset of infection to its clearance. The children will be monitored for serum
'|and salivary antibody responses against the native Gal/GalNAc lectin, and its carbohydrate-
P wbmdmg domain (CBD). If our hypothesis is correct, we would predict that clearance of E.
histolytica infection will be associated with the development of an adherence-inhibitory
antibody response against the carbohydrate- binding domain of the lectin. Completion of these|
studies should provide a foundation for understanding the mechanisms of protective
immunity to amebiasis, and provide a baseline for evaluating the efficacy of vaccines as they
enter clinical trials.

PERFORMANCE SITE(S) (organization, cily, state)

£

University of Virginia ] International Centre for Diarrhoeal Disease
Department of Medicine Research, Bangladesh
Charlottesville VA 22908 Parasitology Laboratory

Dhaka, Bangladesh

'I:(EY PERSONNEL. See instructions on Page 11. Use continuation pages as needed to provide the required information in the format shown below.

- Name ' Organization Role on Project
William A. Petri, Jr., M.D., Ph.D. University of Virginia Principal Investigator
M. Rashidul Haque, M.B., Ph.D. International Centre for Co-Principal Investigator
Diarrhoeal Disease Research,
. Bangladesh )
" Barry M. Farr, M.Sc., M.D. ' University of Virginia Collaborator
R. Bradley Sack, M.D., Sc.D. Johns Hopkins University Consultant

!
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CC Principal Investigater/Pregram Director (Last, first, middle); _Petri, William Arthur Jr.

Type the name of the principal investigater/program director at the top of each printed page and each continuation page. (For type specifications, see
4# instructions on page §.)
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DD Principal Investigator/Program Director (Last, first, middle): EStr1, William Arthur Jr.
FROM THROUGH
DETAILED BUDGET FOR INITIAL BUDGET PERIOD 07/01/98 06/30/99
DIRECT COSTS ONLY
PERSONNEL (Applicant organization only) % ] DOLLAR AMOUNT REQUESTED (omit cents}
TYPE |EFFORT INST.
ROLE ON APPT, CN BASE SALARY FRINGE
NAME PROJECT |{months}; PROJ. SALARY REQUESTED BENEFITS + TOTALS
Principai
William A. Petri, Jr. Investigator | 1 20 25,000 5,500 30, 500
Collabora-
Barry M. Farr Eor 12 4 5,000 1,100 6,100
L.aboratory
Joshua Rogers Specialist] 12 40 9,572 2,680 12,252
-
, SUBTOTALS 7 39,572 9,280
CONSULTANT COSTS _
Dr. R. Bradley Sack, Johns Hopkins University
EQUIPMENT (/temize)
SUPPLIES (itemize by calegory}
Cell culture media/sera ($§3,000)
Chemicals/solvents ($1,000)
Glassware/plasticware (51, 500)
Chromatography/electrophoresis ($2,000)
Molecular biology reagents ($2,000)
TRAVEL
International travel (USA - Bangladesh) ($3,000)
> INPATIENT

P. ARE

ATIENT CARE COSTS QUTPATIENT _ _
ALTERATIONS AND RENOVATIONS (ftemnize by category) I e -
OTHER EXPENSES (itemize by category)

Publication costs, illustrations, overseas shipping

1,000

SUBTOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD $ 67,352
CONSORTIU_IWCONTRACTUAL DIRECT COSTS 76,189
COSTS INDIRECT COSTS 16 000
TOTAL DIRECT COSTS FOR iNITIAL BUDGET PERIOD (item 7a, Face Page) > | $ 159,541

PHS 398 (Rev. 5/95)

(Form Page 4) Page __4

Number pages consecutively at the bottom throughaut the application. Do pot use suffixes such as 3a, 3b..
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EE Principal Investigator/Program Oirector (Last, first, midcle): Petri, William Arthur Jr.
BUDGET FOR ENTIRE PROPOSED PERIOD OF SUPPORT
DIRECT COSTS ONLY '
INITIAL BUDGET
BUDGET CATEGORY AL B ADDITIONAL YEARS OF SUPPORT REQUESTED
TOTALS (from Form Page 4) 2nd 3rd 4th 5th
PERSONNEL: Salary and fringe
benefits 48,852 50,318 51,828 53,383
Applicant organization only
c ANT
ONSULTANT COSTS 5,000 - 5,150 5,305 5,464
EQUIPMENT
SUPPLIES
£ 9,500 9,785 10,079 10,381
TRAVEL
3,000 3,090 3,183 3,278
PATIENT INPATIENT
CARE
COSTS OUTPATIENT
ALTERATIONS AND
RENOVATIONS
OTHER EXPENSES 1,000 1,030 1,061 1,093
" SUBTOTAL DIRECT COSTS
67.352 69,373 71,458 73,599
DIRECT
CONSORTIUM/ 76,189 68,690 70,751 72.875
CONTRACTUAL
COSTS INDIRECT
- 16,000 16,480 16,974 17.483
TOTAL DIRECT COSTS 159,541 154 543 159,181 163,957

TOTAL DIRECT COSTS FOR ENTIRE PROPOSED PERIOD OF SUPPORT (ttem 8a, Face Page) —> } 5 637,222

JUSTIFICATION. Follow the budget justification instructions exactly. Use continuation pages as needed.

Please see Budget Justification on page 9.

PHS 398 (Rev, 5/95)

{Form Page 5) Page >

Number pages consecutively at the bottom throughout the application. Do not use suffixes such as 3a, 3b..

EE



T e s aba T ey =R 2 TS = o - - -

—_— e G e e Petri, William Arthur Jr.

PROJELT : IMMUNITY TO ENTAMOEBRA HISTOLYTICA INFECTION

The project will be submitted by the University af Virginia and
ICDDOR.S to the NIH for funding.

5 —

P1 . : Prof. W. A_ Petri, Jr., University of Virginia ' -
Co-PI: Dr. Rashidul Haque, ICDDR,® f
Budget for initial budget parioa {(year 1)
1. Local Salary
Number % effart Amount in US 3
Investigator 1 40% 5,725
Froject Physician 1 100% 7,584 :
Ressarch Officer 1 100% 4,164 f
Laboratory Yechnicians 2 100% 4,592 '
Health Assistants 3 ioox 8,064 4
Health Workars 2 100% 4,080
Lab Attondant 1 100% 1,480
Sub total 37,5889
II. 8Bupplies and !
and materials )
Chemicals, reagents ete 5,000 :
Plastic, consumables 2,000 g
office supplias 1,000
Antigen detection kits 5,000
Medicine and cara for
study subjects 4,000
Sub total 17.000
III. Contractual f
Rents, utilities etc 3.000
Use of common facilities 16,000 5
contractual others 1,500
Sub-total 20,500
Iv. Travel P;
Local travel (Project area-ICDDR,B) 2,000 =
International Travel {(Dhaka-USA) 3,000 .
Sub-total 5,000
V. Interdepartantal service
{Lab tests and others} 2,500
vI. Capltal Expenditure (Equipment)
ELISA rmader (one) 6,000
Freazer (one) 1,000 :
Computer and u?S 2,500 k
Subtotal 9,500
Yotal cost tor initial budget pariod (Ysar 1) : 3 92,189
‘ (U, :
14197 -
 Shamima Mot :
11 controliar, Budqaf& Costing :
-
12
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Principal Investigator/Pregram Director (Last, first, middie): Petri, William A Jr,

BUDGET JUSTIFICATION:

(A) UNITED STATES ,

1. Personnel: Dr. Petri is the Principal Investigator and will be responsible for the entire project. He will
oversee the conduct of the field study, review data collection, prepare manuscripts and progress reports, and
meet in person with Dr. Haque twice a year to assess progress and plans (one meeting in Dhaka and one in
Charlottesville each year). Dr. Farr is a collaborator who will provide expert assistance in the design and
statistical analyses of the field studies. Mr. Joshua Rogers will prepare purified lectin and recombinant
carbohydrate binding domain for the serologic studies, assess epitope-specific antibody responses, and
perform adherence assays with human sera.

2. Consultant; The consultant Dr. Brad Sack brings to the project tremendous experience and expertise in the
design and conduct of prospective human clinical trials in Bangladesh. He has been invaluable in the design
of these studies and will consult on the practical design and follow-through of the cohort study in Mirpur.

3. Travel: Funds are requested for one visit per year of Dr. Petri to Bangladesh to oversee the field work and
consult in person with Dr. Haque.

4, Supplies: Cell culture media/sera and glassware/plasticware are for culture of E. histolytica trophozoites
(the source of the purified lectin for the anti-lectin antibcdy measurements). Chromatography and
electrophoresis and molecular biology reagents are for the purification of the native lectin and recombinantly-
egﬁzssed carbohydrate domain and preparation of microtiter plates for assessing the antibody response of
children. .

5. Other Expenses: Project-related publication costs, medical illustrations and overseas shipping costs.

(B) BANGLADESH

1. Personnel: The co-Principal Investigator wiil be responsible for the conduct of all of the field work in
Dhaka. The Project Physician will work out of the Project Field Office six days per week. This physician
will be available to examine and treat any of the children in the study who become ill. Several field workers
are required for the project because of the frequent visits required to monitor the children in the study. Three
Health assistants and two Health workers will be working in the community for registration of the family,
motivation of the family, collection of stool, blood and saliva samples and for routine morbidity surveillance
and surveillance for E. histolytica infection. Of the two laboratory technicians one will be working in the field
for collection of blood sample from the study population and one will be working for stool microscopic
examination and antigen detection in the lab. The lab attendant will assist the technicians in performing the
stool and antigen detection analyses. The research officer will perform all serological tests required in the
study with the help of the co-Principal Investigator.

2. Supplies: Chemicals and reagents are required for formal-ether concentration of stool samples and culture
of all stool samples that will be collected in the study. PCR reagents will also be required, and antigen
detection tests for E. histolytica will need to be procured. '

3. Orher Expenses: The project will pay the rent of a field office where the project workers will have their
working station. The project will not pay any remuneration to the study subjects but free primary health care
services will be provided to all the family members and for this medicine and other necessary will be
procured. The cost for this purpose is shown under "patient care cost”.

4. Equipment: An ELISA reader and a freezer will be required for the project. The ELISA reader that we
have in our lab is very old and in need of replacement. A large number of stool , serum and saliva samples
need to be stored at -20°C and space available at present is not sufficient.

5. Travel: Funds are requested for travel from the ICDDR B to the study site (15 minutes by auto) for study
personnel, and to transport children requiring medical attention from the study site to ICDDR,B. One trip per
year for Dr. Haque to the laboratory of Dr. Petri is requested so that results can be assessed and study
planning and analysis conducted in person.




FF Principal Investigator/Program Director (Last, first, midotey  PETHEL WILLIAM A, JR, .

BIOGRAPHICAL SKETCH

Givae the following information for the key personnei and consultants and collaborators. Begin with the principal
investigator/program director. Photocopy this page for each person.

NAME ' POSITION TIiTLE
William A. Petri, Jr., M.D., Ph.D. _ Professor
EDUCATION (Bagin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training. )
) ) ’ YEAR

INSTITUTION AND LOCATION -~ DEGREE CONFERRED FIELD OF STUDY
University of Wisconsin-Madison | ' Chemistry
University of Virginia | Ph.D. 1980 Microbiology
University of Virginia MD. 1982

RESEARCH AND/OR PROFESSIONAL EXPERIENCE: Concluding with prasent pesition, list In chronological order previous employment, experencea, and
horors. Kay personned include the principal investigator and any other individuals who particlpate in the sclertific development or execution of the projed. Key
gefsonnel typically will include all individuals with doctoral or other professional degraes, but in some projacts will Include individuals at the mastars ar

accalaureale lavel provided they contribute In a substantive way to the sclentific development or execution of the project. include present membership on any
Federal Governmen public advisory committes. List, In chronological order, the tittes, ali'authors, and complate reierences lo alf publications during the past
Ihres yoars and to represantalive earller publications pertinent to this application. DO NOT EXCEED TWO PAGES.

R 1 EXPERIENCE
1978 - 1982 Graduate student and postdoctoral fellow, laboratory of Robert R. Wagner
M.D., Department of Microbiology, University of Virginia.
1982 - 1985 Intern and Resident in Internal Medicine at University and Veterans Hospitals of
' Cleveland, Case Western Reserve University.
1985 - 1988 Fellow in Infectious Diseases, Department of Medicine, University of Virginia
1988 - 1992 Assistant Professor of Medicine and Microbiology, University of Virginia
1992 - 1996 Associate Professor of Medicine, Pathology, and Microbiology, University of Virginia
1996 Professor of Medicine, Pathology, and Microbiology, University of Virginia

/COM
Burroughs Wellcome Fund Scholar Award in Molecular Parasitology (1996-2001)
Member, NIH Tropical Medicine and Parasitology Study Section (1993-1997)
Chair, Scientific Program Committee, American Society for Tropical Medicine & Hygiene (1992-1998)
Board of Directors, American Type Culture Collection (1993-1996) _
American Society for Clinical Investigation (1995)
Editorial Boards: Molecular Medicine Today; Invasion & Metastasis; Parasitology International
Phi Beta Kappa (Wisconsin); Alpha Omega Alpha (Virginia)
Burroughs Wellcome Fund New Investigator in Molecular Parasitology (1992-1995)
Lucille P. Markey Scholar in Biomedical Research (1985-1993)
Ad hoc Reviewer, NIH Bacteriology & Mycology-2 Study Section (1992-1996)

ELECTED LICATION
Petri WA Jr, Wagner RR. Reconstitution into liposomes of the glycoprotein of vesicular stomatitis virus by detergent
dialysis. ] Biol Chem 254:4313-4316, 1979. ,
Petri WA Jr, Estep TN, Pal R, Thompson TE, Biltonen RL, Wagner RR. Thermotropic behavior of
dipalmitoylphosphatidylcholine vesicles reconstituted with the glycoprotein of vesicular stomatitis virus. Biochemistry
19:3088-3091, 1980. '
Petri WA Jr. Vesicular stomatitis virus glycoprotein-lipid interactions. Ph.D. Dissertation, University of Virginia, 1980.
Ravdin JI, Petri WA Jr, Murphy C, Smith RD. Production of mouse monoclonal antibodies which inhibit in vitro
adherence by Entamoeba histolytica trophozoites. Infect Immun 53:1-3, 1986.
Petri WA Jr, Smith RD, Schlesinger PH, Murphy CF, Ravdin JI. Isolation of the galactose binding adherence
lectin of Entarmoeba histolytica, ] Clin Invest 80:1238-1244, 1987.
Chadee K, Petri WA Jr, Innes DJ, Ravdin JI. Rat and human colonic mucins bind to and inhibit the adherence lectin
of Entamoeba histolytica. J_Clin Invest 80:1245-1254, 1987. ‘
Petri WA, Jr, Joyce MP, Broman J, Smith RD, Murphy CF, Ravdin JI. Recognition of the Gal/Gal NAc
adherence lectin of Entamoeba histolytica by human immune sera. Infect Immun 55:2327-2331, 1987.
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Petri WA Jr., Chapman MD, Snodgrass T, Mann BJ, Broman J. and Ravdin JI. Subunit structure of the
galactose and N-Acetyl-D-galactosamine-inhibitable adherence lectin of E. histolytica. I Bigl Chemn 264:3007-3012, 1989.
Petri WA Jr., Jackson TFHG, Gathiram V, Kress K, Saffer LD, Snodgrass TL, Chapman MD, Keren
Z, and Mirelman D. Pathogenic and ronpathogenic strains of Entamoeba histolytica can be differentiated by monoclonal
antibodies to the galactose-specific adherence lectin. Infect Immyn 58:1802-6, 1990.

Petri WA Jr., Snodgrass TL, Jackson TFHG, Gathiram V, Simjee AE, Chadee K, Chapman MD.
Monoclonal antibodies directed against the galactose-binding lectin of Eatamoeba histolytica enhance adherence. ] Immunoi
144:4803-9, 1990.

Petri WA Jr. and Ravdin JI. Protection of gerbils from amebic liver abscess by immunization with the galactose-
specific adherence lectin of Entamoeba histolytica. [nfect Immun, 59:97- 101, 1991,

Mann BJ, Vedvick T, Torian B, Petri WA Jr. Cloning of the 170 kDa subunit of the galactose-specific adherence
lectin of Entamoeba histolytica. ProgNatl Acad Sci TUSA, 88:3248-3252, 1991.

Saffer LD, Petri WA Jr. Role of the galactose-specific lectin of Entamoeba histolytica in contact-dependent killing of
mammalian cells. Infect Immun, 39:4681-4683, 1991.

Braga LL, Ninomiya H, McCoy JJ, Eacker 8, Wiedmer T, Pham C, Wood 8, Sims PJ, Petri WA Jr.
Inhibition of the Complement Membrane Attack Complex by the Galactose-Specific Adhesin of Entamoeba histolyiica. L,
Clin, Invest, 90:1131-1137, 1992.

Haque R, Kress K, Wood S, Jackson TFHG, Lyerly D, Wiikins T, and Petri WA Jr. Diagnosis of
pathogenic Entamoeba histolytica infection using a stool ELISA based on monoclonal antibodies to the galactose-specific
adhesin, ] Infect Dis, 167:247-9, 1993,

Petri WA Jr, Mann BJ. Molecular Mechanisms of Invasion by Entamoeba histolytica. Sem, Cell Bigl.4:305-13, 1993.
Purdy, JE, Mann, BJ, Shugart, EC, and Petri, WA Jr. Analysis of the gene family encoding the Eatamoeba
histolytica galactose-specific adhesin 170 kDa subunit. Molec Biochern Parasitol 62:53-60, 1993.

McCoy, JJ, Mann, BJ, Vedvick T, Pak Y, Heimark DB, and Petri WA Jr. Swuuctural analysis of the light
subunit of the Entamoeba histolytica adberence lectin. I_Bin_Chf:m 268:24223-31, 1993.

McCoy, JJ, Mann, BJ, Vedvick T, and Petri WA Jr. Sequence analysis of genes encoding the Entamoeba
histolytica galactose-specific adhesin light subunit. Mglec Biochem Parasitol 61:325-8, 1993.

Haque, R, Lyerly, D, Wood, S, and Petri, WA Jr. Detection of Entamoeba histolytica and Entamoeba dispar
directly in stool. Amer ] Trop Med Hyg 50:595-6, 1964,

Purdy, JE, Mann, BJ, Pho, LT, and Petri, WA Jr. Transient transfection of the enteric parasite Entamoeba
histolytica and expression of firefly luciferase. Proc Natd Agad Sci TISA, 91:7099-7103, 1994,

McCoy JJ, Weaver AM, and Petri WA Jr. Use of Monoclonal Anti-light Subunit Antibodies to Study the Structure and
Function of the Entamoeba histolytica Gal/GalNAc Adherence Lectin. Glvcoconjugate Joumal 11:432-436, 1994,

Ragiand BD, Ashley LS, Vaux DL, and Petri WA Jr. Entamoeba histolytica: Target cells killed by trophozoites
undergo apoptosis which is not blocked by bel-2. Exp Parasitol 79:460-467, 1994,

McCoy JJ, Mann BJ, Petri WA Jr. Adherence and Cytotoxicity of Entamoeba histolytica, or How Lectins Let Parasites
Stick Around. Infection Immunity 62: 3045-3050, 1994.

Petri WA Jr, Mann BJ. Microbial Adherence. In Principles and Practice of Tnfectious Disegses, 4th Edition. (Mandell,
GL, RG Douglas Jr., and JR Bennett, eds.}, Churchill Livingstone Inc., New York, ppl1-19, 1995,

Mueller DE and Petri WA Jr. Clonal growth in Petri dishes of Entamoeba histolytica. Trans R Soc Trop Med Hyag,
89:123, 1995.

Adler P, Wood SJ, Lee YC, Lee RT, Petri WA Jr, and Schnaar RL. High affinity binding of the E. histolytica
lectin to polyvalent N-acetylgalactosaminides. ] Biol Chem, 270:5164-71, 1995.

Petri WA Jr, Schnaar RL. Purification and Characterization of the Galactose- and N-acetylgalactosanune—(GaLfGalNAc)
Specific Adberence Lectin of Entamoeba histolytica. Methods Enzvmology 253:98-104, 1995.

Vines RR, Purdy JE, Ragland BD, Samuelson J, Mann BJ, and Petri WA Jr. Stable transfection of Entamoeba
histolytica. Molec Biochem Parasitol 71:265-7, 1995.
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35, 1996.
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- Mohamed Rashidul Haque, M.B., Ph.D. Associate Scientist
EDUCATION/TRAINING {Begin with baccalaureate or cther initiaj professional education, such as aursing, and include postdoctoral training. }
DEGREE )
INSTITUTION AND LOCATION (F peaie) YEAR(s) FIELD OF STUDY
Medical Academy, Sofia, Bulgaria M.B. 1985
Medical Academy, Sofia, Bulgaria Diploma 198s Health Education
Bulgarian Academy of Sciences, Sofia Ph.D. 1588

honors. Include present membership on any Federal Gevernment public advisory committee. List, in chronolegieal arder,
complate references to all publications during the past three years and (o representative earlier pubiications pertina
publications in the last three years exceeds two pages, select the most pertinent publications. BO NOT EXCEED TWO PAGES. ’

| PROFESSIONAL EXPERIENCE

' 1983 - 1984 Internship training in Medicine, Medical Academy, Sofia, Bulgaria

" 1986 - 1987 . Clinical Ordinator Training, Institute of Infectious and Parasitic

l“ Disease, Medical Academy, Sofia, Bulgaria

\. 1989 -1995 Assistant Scientist/Head, Parasitology Laboratory, International Centre
for Diarrhoeal Disease Research, Bangladesh (ICDDR, B), Dhaka,

' . Bangladesh
‘ 1995 - Present . ~ Associate Scientist/Head, Parasitology Laboratory, ICDDR, B
b .

. ~-

Haque R, Komandarev S. Immunological analysis of antigéns of T. canis and A, lumbricoides and attempt to
obtain species specific antiserum agsinst these helminths. Helminthology, 26:67-71, 1988,

Haque R, Komandarev S, Dragneva N, Michov L. Purification of T, canis antigens by means of affinity
chromatography and their application in serodiagnosis of Visceral larva Migrans. Helminthology,
27:55-63, 1989, ‘ '

Haque R, Hall A, Tzipori S. Zymodemes of Entamoeba histolytica in Dhaka, Bangladesh. Annals of Tropical
Medicine and Parasitology, 84:629-32, 1990,

Gonzalez-Ruiz A, Haque R, Reheman T, Aguirre A, Jarmillo C, Castanon G, Hall A, Gahl F Ruiz-Palacios A,

clinical isolates of Entamoeba histolytica. J Qin Microb, 30:2807-13, 1992.
Haque R, Kress K, Wood §, Jackson TFGH, Lyerly D, Wilkins T, Petri WA Jr. Diagnosis of pathogenic _
Entamoeba histolytica infection using a stool ELISA based on monoclonal antibodies to the Galactose-
_ specific adhesin. ] Infect Dis, 167:247-49, 1993. _
y Gonzalez-Ruiz A, Haque R, Aguirre A, Castanon G, Hall A, Guhl F, Ruiz-Palacios G, Miles MA, Warkurst DC,

‘ Value of microscopy in the diagnosis of dysentery associated with invasive Entamoeba histolytica. ]
3 Clin Pathol, 47:236-39, 1994.

a

. Palmer DR, Hall A, Haque R, Anwar KS. Antibody isotype responses to antigens of Ascaris jumbricoides in a
case control study of persistently heavily infected Bangladeshi children. Parasitology, 111:385-93,
1995. : ' —
Haque R, Faruque ASG, Petri WAJr. Prevalence of Entamoeba dispar and Entamoeba histolytica infection in
children in Bangladesh. [ Infect Dis 1997; 175:734-6 :
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NAME

POSITION TITLE
R. Bradley Sack, MD, Se.DD. Professor, Department of International Health
EDUCATION (BEpm with baccaloureats or sther inttiod profasstanal edueation_such as mursing, and inelide pottdoctoral raining.t
. YEAR -
INSTITUTION AND LOCATION DEGREE CONFERRED FIELD OF STUDY
Lewis and Clark College, Portland, OR BS 1956 Pre-Med
University of Oregon Medical School, OR MD M3 1960 Medicine, Bacteriology
Johns Hepkins University, Baltimore, MD ScD 1968 Pathobiology

LESEARC"{ NMDN& EXPERIENCE: Conatuding with present porition, liat, in chronologi

960-61 Intern in Medicine, University Hospital, University Hospital, University of Washington, Seattle, WA
961-62 Resident in Medicine, University of Washington, Scattle, WA
962-64 Fellow, Dept, of Medicine, Johns Hopkins Unjversity, School of Medicine, Center for Medical
Research and Training, Calcutta, Indja ’
362-64 Instructor, Dept. of Medicine, Johns Hopkins University, School of Hygiene and Public Health, Baltimore, MD)
96465 Assistant Resident in Mcdicine, University of Washingion, Seattle, WA
365-70 Research Associats, Dept. of Pathabiology, Johns Hopkins University, School of Hygiene and Public Health, Baltimore, MD
167-68 Instructor, Dept. of Medicine, Johns Hopkins University, School of Medicine, Baltimore, MD
368-70 Resident Coordinator, Johrs Hopkins University, Center for Medical Research and Training, Calcutta, India
'68-70 Assigtant Professor of Medicine, Johns Hopkinz University, School of Medicine, Baltimore, MD
70-72 Associate Professor of Medicine, Head, Division of Infectious Diseases, University of Oregon Medicai Scheol, Portland, OR
172-79 Associate Professor of Medicine, Johns Hopkins University, School of Medicine, Baltimore, MD. Associate Director. Johns Hopkins
\ ~ University International Center for Medica! Research, Baltimore, MD "

A
77-80  Director, Johns Hopkias University International Center for Medical Research. Baltimore, MD

77-90 Chief, Division of Geographic Medicine, Johns Hopkins University Schoo! of Medicine, and Schoo! of Hygiene and
’ Public Health, Baltimore, MD ‘

79. Professor of Medicine, Johns Hopkins University School of Medicine, Dept. of Medicine, Baltimore, MD.

=sent

BS- Professor of International Health, Johns Hopkins, University, School of Hygiene and Public Health, Dept. of Present

International Health, Bajtimore, MD

31-94 Associate Director, Divisions of Community Health and Laberatory Sciences, International Center for Diartheal Present
Diseases Resesrch, Bangledesh: Dhaka, Bangladesh

nors and membership: AOA, Sigma Xi, AFCR, ASCL IDSA, ASTM&H, ASM, U.S.-Japan Cholera Pancl

liography (Seiectad Publications)
ikel CS Grieko FD,Reuben J Myers LL, Sack RB. Human Colonic Epithelial Cells HT29/C1, Treated with Crude
1 ilis Enterotoxin Dramatically Alter their Morphology. Infect Immun 60:321-327.1992,

k RB Myers LL Almeido-Hill J,Shoop DS, Bradbury WC, Reid R, Santosham M. Enterotoxigenic Bactergides ragilis:
Epidemiologic Studies of it3 role as a Human Digrrhoeal Pathogen. J Diarrh Dis Res 10:4-9, 1992,

dique AK,Zaman X Baqui AH Akram K Mutsuddy P Eusof A Haider K Islam S,Sack RB. Cholera Epidemics in
vBangladesh: 1985-1991. J Diarrh Dis Res 10:79-86,1997.

n C,Unicomb L,Gentsch J,Banui N,Sack RB, and Olass R, Rotavirus Diarrhea in Bangladeshi Children: Correlation of
Discase Severity with Serotypes. J Clin Microb 30:3234-3238,1992.

ique SM.Abdut Alim AR Rahman MM ,Siddique AK.Sack RB,Albert MJ. Clonal relationships ameng Classical Yibrio
cholerag 01 strains isolated between 1961 and 1992 in Bangladesh. J Clin Microb 31:2513-16,1993.
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Barry M. Farr, M.D., M.Sc. Professor of Medicine and Epidemioclogy

EDUCATION/TRAINING witty Daccalarsare
DEGREE

ammww_&m_&:iywm__

INSTITUTION AND LOCATION (¥ xppficadie) , YEAR(s) FIELD OF STUDY

ToIs o MIssissiool. Oxtord, Mississipoi B.A. 197074 Chemistry
Univ. of Mississipoi, Oxford, Mississivppil 197476 Medicine

‘Waghington Univ., St. Louis, Missouri M
London School of Hygiene & Troo. Medicine ™

WD 1976-78 Medicine
.Se, 1983-84 Epidemioclogy

1L K

PROFESSIONAL EXPERIENCE: Concluding Mm&thmnmﬁm. previous mwmﬁ.npaﬂmn. and
RESEARCH ANO bird . Ww,mﬂhs.almﬂ!m. and

mmummmﬂ. If the fist of

mfmm, ; publications during three and in reprosantative esiier
o ooy Anpin mmm.nommmnmes;

Education

1976-1978 M.D., Washington University School of Medicine, St. Louis, Missouri

1978-1981 Residency, Internal Medicine, University of Virginia School of Medicine; Charlottesville, VA

1981-1983 Fellowship, Infectious Diseases, University of Virginia School of Medicine, Chariottesville, VA

1984 M.Sc. in Epidemiology, London School of Hygiene and Tropical Medicine

1984-1985 Research Associate with David L. Miller, Professor of Community Medicine, St. Mary's Hospital Medical

School, London and Dr. Christopher L.R. Bartlett, Communicable Disease Surveillance Centre, London

Positions Held .

1983-1989  Assistant Professor, Department of Internal Medicine, University of Virginia School of Medicine,
Charlottesville, VA

1986- Hospital Epidemiologist, University of Virginia Hospital, Charlottesville, VA

1986~ Director, Master of Science Program in Epidemiology, University of Virginia School of Medicine,

- Charlottesville, VA .

1989-1995  Associate Professor, Department of Internal Medicine, University of Virginia School of Medicine,
Charlottesville, VA

1989- Chairholder, William S. Jordan, Jr. Professorship of Internal Medicine in Epidemiology

1995- Professor, Department of Internal Medicine, University of Virginia School of Medicine, Charlottesville, VA

Honors and Committees

Milbank Clinical Epidemiology Scholar Award, University of Virginia School of Medicine,

1983-1988

Member of Scientific Committee on Respiratory Disease, International Union against
Tuberculosis and Lung Disease, Paris, 1987 - 1990
Member, Food and Drug Administration Committee for Prevention of Complications
Associated with Central Venous Catheters, Twinbrook, MD, 1989 - 1991 ’
Consultant to Hospital Infection Control Practice Advisory Committee regarding Guideline for Prevention of Intravascular
* Device Associated Infections, Centers for Disease Control, 1994 :
' Member and Scientific Program Chairman, Annual Meeting Planning Comumittee, Society for Healthcare Epidemiology of

America, 1994 - 1997

Chair, Section on Nosocomial Infections, American Saciety for Microbiology,1995-1996
Young Investigator Award, Society for Healthcare Epidemiology of America, 1995 ..
Academic Councilor, Society for Healthcare Epidemiology of America, 1996 -
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Selected Publications
Scheld WM, Sydnor A Jr, Farr BM, Gratz JC, Gwaltney JM Tr. Comparison of cyclacillin and amoxiciilin for therapy of acute
maxillary simusitis. Anfimicrob Agemts Chemother 30:350-353, September 1986,

Farr BM, Gwaltmey JM Jr. The problems of taste in placebo matching: zine glucenate for the commen cold. J Chromic Dis 40(9):875-
879, 1987.

Farr EM, Comner EM, Betts RF, Oleske J, Minnefor A, and Gwaimey JM Jr. Two randomized controlled trials of zinc gluconate
lozenge therapy of experimentally induced rhinovirus colds. Anfimicrob Agents Chemother 31(8):1183-1187, 1987.

Donowitz LG, Hunt EM, Pugh VG, Farr BM, Hendley JO. A comparison of historical and serologic immunity to varicella zoster virus
in 373 hospital employees. Am J Infect Comrol 15:212-214, 1987.

Farr BM, Hendley JO, Kaiser DL, Gwalmey JM." Two randomized controlled trials of virucidal nasal tissues in the prevention of upper
respiratory infections, Am J Epidemiology 123(5):1162-1172, 1988.

Miller PJ , Farr BM, and Gwalmey JM, Jr. Economic bepefits of an effective infection control program: case study and proposal. Rev
Infect Dis 11284, 1989,

. _ ’
Limma NL, Guerrant RL, Kaiser DL, Germanson T, Farr BM. A retrospective cobort study of nosocomial diarrhea as a risk factor for
nosocomial infection. J Infecr Dis 161:948-952, 1990.

+ Farr BM, Gwaltney IM, Hendley JO, Hayden FG, Naclerio EM, McBride T, Doyle WJ, Serrentino J'V, Riker DK, Proud D.A
randomized controlled trial of glucocorticoid prophylaxis agamst experimental rhinovirus infection. J Infecr Dis 162:1173-1177, 1990

" Cobb DK, High KP, S:a‘\.a-ryer RG, Sable CA, Adams RB, Lindley DA, Pruett TL, Schwenzer KJ, Farr BM. A controlted trial of scheduled
replacement of central venous and pulmonary-artery catheters. New Engl J Med. 327:1062-1068, 1992.

Getchel-White SI, Barrert LY, Barton BA, Strain BA, Farr BM, Guerrant RE, Groschel DHM." Nosocomial significance of Clostridium
difficile: an epidemiologic study using molecular markers. Med Micro Letters 1:49-55, 1992.

Lima NL, Pereira CRB, Souzz IC, Facanha MC, Lima AAM, Guerrant RL, Farr BM. Selective surveillance for nosocomial infections
in a Brazilian hospital. Infect Control Hosp Epidemiol 14:197-202, 1993,

Jernigan JA, Lowry BS, Hayden FG, Groschel DHM, Farr BM. Adenovirus type 8 epidemic keratoconjunctivitis in an eye clinic: Risk
factors and control. J Infect Dis 167:1307-1313, 1993.

Adal KA, Anglim AM, Palumbo CL, Titus MG, Coyner BI, Farr BM. The use of high-efficiency particulate air-filter respirators to
protect hospital workers from tuberculosis: a cost-effectiveness analysis. New Engl J Med. 331:169-173, 1994.

Howell PB, Walters PE, Donowitz GR, Farr BM. Risk factors for central venous catheter infection in cancer patients. Cancer.
+75:1367-1375, 1995.

Farr BM, Johnston BL, Cobb DK, Fisch MJ, Germanson TP, Adal KA, Anglim AM. Preventing pneumococcal bacteremia in patients
atrisk: results of a matched case~control smdy. Arch Intern Med. 155;,2336-2340, 1995.

Adal KA, Flowers RH, Anglim AM, Hayden FG, Titus MG, Coyner BJ, Farr BM. Rates of nosocomial influenza and compliance
with preventive strategies at a university hospital. Infect Control Hosp Epidemiol. In Press.

Roberts NE, Colimer JE, Wispelwey B, Farr BM. Urbs in rure redux: Changing risk factors for rural HIV infection. Submitted for
publication.

Jernigan JA, Siegman-Igra Y, Giuliano K, Guerrant RL, Farr BM. Preventing Clostridium difficile and other nosocomial infections
with disposable thermometers: a randomized crossover study. Submitted for publication.

Anglim AM, Klym MB, Byers KE, Scheld WM, Farr BM. Effectof a vancomyein restriction policy on ordering practices during an
outbreak of vancomycin-resistant Enterococcus faecium. Submitted for publication. ,
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Other Support

Petri, William A., Jr.

ACTIVE

RO1 AI26649-08 (PI: Petri) 8/1/96 - 7/31/01 - 30% effort
NIH/NIAID $191,000 direct costs annually

(including FIRCA supplement R03 TW (0848-01)
Title: “Structure and Function of E. histolytica Lectin™
The major goals of this project are structural/functional studies of Gal/GalNAc lectin of E. histolytica. The
FIRCA supplement with Dr. Rashidul Haque is to examine genetic diversity within E. histolytica.
Overlap: There is no scientific or budgetary overlap. '

RO1 AI-37941 (PI: Petri) 12/1/95 - 11/30/98 20% effort

NIH/NIAID $136,634 direct costs annually .
(including FIRCA supplement R03 TW 00747-01)

Title: “Gene Expression in E. histolytica”

The major goals of this project are to identify stability sequences on the E. histolytica rDNA

episome and analyze the amebic lectin hgl5 promoter. The FIRCA supplement with Dr. Bhattacharya is to

examine the rDNA episome origin of replication.

Overlap: There is no scientific or budgetary overlap.

2T32A107046-21 (PI: Petri) 7/1/97 - 6/30/02 10% effort
NIH/NIAID ' $246,518 direct costs annually

Title: “Infectious Diseases Training Program”

This grant provides 5 postdoctoral and 3 predoctoral training positions in infectious diseases.
Overlap: There is no scientific or budgetary overlap. .

Burroughs Wellcome Fund (PI: Petri} 7/1/96 - 6/30/01 No % effort specified
Tite: “Scholar Award in Molecular Parasitology”  $80,000 direct costs annually
Overlap: None; this is a career development award.

PENDING |
Phase II STTR AI36587 (PIL: Lyerly) 11/1/97 - 10/31/99 proposed 10% effort for Dr. Petri
NIH/NIAID _ $87,152 direct costs annually proposed

Title: “Serodiagnosis and Immunoprophylaxis of Amebiasis”
Overlap: None. This grant proposal is designed to develop new serodiagnostic and vaccine reagents for E.
histolytica. '

Haque, M. Rashidul

ACTIVE

Thrasher Research Fund (PI: Haque) 8/1/96 - 6/30/98 ~ 40% effort

Title: “Field trial of beta carotene and anti-helminthic therapy™ $55,814 direct costs annually
Overlap: None. This grant will conclude prior to the start of the pending NIH proposal.

R0O3 TW 00848-01 (PI. Petri) 4/1/97 - 3/31/00 No % effort specified
NIH/NIAID : $20,000 direct costs annually

Fogarty International Collaborative Award “Intraspecies variation in E. histolytica”
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The major goals of this project are to define the genetic diversity within E. histolytica and its relationship to
virulence. Dr, Rashidul Haque is the foreign collaborator for this grant.
Overlap: None

PENDING

USAID: (PI: Haque) 3 year proposal e

Title: “Intraspecies variation in E. histolytica and protective immunity with E. histolytica infection”

Overlap: The protective immunity section of the USAID proposal, which specifically deals with the long- .
term consequences of colonization with E. histolytica, overlaps in its emphasis on immunity with the current
NIH proposal. If both proposals were to be funded the budget of the NIH proposal would be
commensurately reduced during the period of overlap. -

Sack , R. Bradley
ACTIVE

" EPA R824995-01-1 (PI Patz, Jonathan) '10/1/96 - 9/30/99 10% effort

Title: “Integrated assessment of public health effects of climate change for'the U.S.” y -
Overlap: None L -

PENDING

None

Farr, Bafry

-

ACTIVE
2-U01-AI26512 (PI Guerrant, Richard) 6/94 - 5/99 10% effort
NIH/NIAID $165,123 direct costs annually

Title: “Recognition and expression of tropical infectious diseases™

- Overlap: None

PENDING )

None &
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It
RESOURCES

FACILITIES: Specify the facilities to be used for the conduct of the proposed research. Indicate the performance sites and describe capacities, pertihént

capabilities, relative proximity, and extent of availability to the preject. Under "Other,” identify support services such as machine shop. electronics shop, and

specify the extent to which they will be available to the project. Use continuaticn pages if necessary.

Laboratory: )

A new 940 sq. ftr. laboratory committed solely to the research program of the Principal
Investigator adjacent to other infectious diseases and microbiology laboratories was
occupied in July, 1988. A 100 sq. ft. cold room is adjacent to the laboratory.

Clinicat:

Animal:
Animal care facilities are located in the same building as the laboratory and are
sufficient for the planned experiments.

o

¥ P

Computer: ‘ : -

In addition to the numerous personal computers (Apple Macintosh) available for word
processing and data analysis, the computer facilities of the University of Virginia
are available, on-line via ethernet.

Office: . :
An office of approximately 120 sq. ft. is located in contirmuity with the lab space
for the Principal Investigator. .

=

Other:

These include glassware washing, autoclave, storage, radiation work areas and tissue
culture facilities. Core facilities available at the University include a protein/
micleic acid sequencing center, hybridoma center, FACs center, electron microscopy
center and computer graphics center. '

-

MAJOR EQUIPMENT: List the most important equipment iterns already available for this project, noting the !ocation and pertinent capabilities of each. ‘ '
Dr. Petri's laboratory is equipped with a éHEF gel apparatus, fluorimeter, Bec GPR

centrifuge, microfuge, Speed Vac, UV/Vis spectrophotometer, CO, incubator, freezers
(=20, -70°C), "gel electrophoresis equipment, peristaltic pump &nd fraction collector,
water baths, balances and fume hood. Equipment existing in the Division and Department
of Microbiology that is available to Dr. Petri includes several Beckman ultracentrifuges
and Sorvall superspeed centrifuges, liquid scintillation and gamma counters, lyqphlllzer
and a preparative high performance liquid chromatography system with recorder, integrator,
UV-Vis detector and precision pumps for gradient elutions.

v
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RESOURCES

FACILITIES: Specify the facilities io be used for the conduct of the proposed research. Indicate the performance sites and describa capacities, pertinent
capabilities, relative proximity, and extent of availability to the project. Under “Other,” identify support services such as machine shop, electronics shep, and
specily the extent to which they will be available to the project. Use continuation pages if necessary, ‘

Laboratery: The facilities of the parasitology laboratory of Laboratory Sciences Division (LSD),
ICDDR, B will be used to conduct the proposed research. There are well-equipped and
well-staffed laboratories for research in bacteriology, molecular biology,
envirommental microbiology, mutritional biochemistry, virology and parasitology

" under the Laboratory Sciences Division.

Cinicat ~ Facilities of the Clinical Sciences Division (CSD) of ICDDR, B will be used to
conduct the proposed research. The CSD operates a hospital in Dhaka for care of patients
with diarrhcea and for conducting research and training. In addition to diarrhoea treatment,
the division also operates a surveillance program which investigates every 25th patient
attending the hospital. This system makes it possible to study different important issues

Animal: related to diarrhoeal diseases. The proposed research program will use the facilities

of surveillance program of CSD. - : :

A large animal house is available at the ICDDR, B. The Animal Resources Branch
provides direct support to scientists in animal experiments and production of
Jaboratory ‘animals. No animal experiments are foreseen in the proposed projects.

The Center operates an IEM mainframe computer. It is comnected to 25 terminals.
This system provides the capacity to ahalyze large data sets and is complemented by
over 300 personal computers. New e-mail facilities have been established in the
Center. Computer facilities will be available to the proposed project as necessary.

Adéquate office facilities are available at the Center as well as for the proposed
project in the parasitclogy laboratory.

Office:

“ Oe”  The support services branch is well organized under the laboratory sciences’

division which includes managerial support, logistic support, bio-engineering cell
and archive unit. These facilities will be used for the proposed project when
necessary. -

MAJOR EQUIPMENT: Li;t the most important equipment items aiready available for this project, noting the location and pertinent capabilities of each.

The parasitology laboratory has a cellulose-acetate electrophoresis system
power supply (Helena lab), four Olympus microscopes including an inverted micro-
scope, freezer, liquid nitrogen tank, ELISA reader and many other pieces of
equipment normally required for a parasitology laboratory. Beside this the
parasitology laboratory uses equipment from other laboratories of the LSD when

required.
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A. SPECIFIC AIMS

It is not known if humans acquire immunity against colonization or invasion by E.
histolytica. The World Health Organization in 1997 identified the study of human immunity
as a priority research need, “essential for evaluating the feasibility of developing an E.
histolytica vaccine”. Drs. Petri (USA) and Haque (Bangladesh) have collaborated for the last six
years on the study of human infection by E. histolytica. This collaboration has resulted in the
development of sensitive and specific methods to identify E. histolytica infection. We have
used these tests in over'two thousand children in Bangladesh to demonstrate that E. histolytica
infection is prevalent. '

We now propose to conduct a prospective study to determine if children who have been
infected with E. histolytica are less likely to be re-infected. Completion of these studies should
establish the existence and nature of acquired immunity, and provide a foundation for the
future understanding of mechanisms of protective immunity.

Hypothesis 1: Immunity to invasive infection by E. histolytica 1s acquired from a previous
(symptomatic or asymptomatic) infection. g :

Specific Aim 1: A three year prospective study will measure E. histolytica infection and
invasion in two cohorts of children ages 2-5 in the Mirpur district of Dhaka. One cohort will be
composed of children with serologic evidence of prior E. histolytica infection, and the other
cohort will be composed of children without evidence of prior infection. The children will be
monitored for E. histolytica infection and invasion. The Mirpur district of Dhaka, Bangladesh,
where the proposed studies will be conducted, has a high prevalence of E. histolytica infection.
It is a stable community only minutes from the ICDDR,B laboratories, and is the site where Dr.
Haque is successfully conducting other prospective trials. '

If hypothesis (1) is correct, we would predict the following outcomes: {a) children who
have had prior E. histolytica infection will be less likely to have future episodes of invasive
amebiasis; (b) it is possible that they will also be less likely to be re-infected with E. histolytica;
and (c) if re-infected may clear infection more rapidly.

Hypothesis 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.

Specific Aim 2: Children with asymptomatic, noninvasive, E. histolytica infection (identified
in Aim 1) will be prospectively followed from the cnset of infection to its clearance. The
children will be monitored for serum and salivary antibody responses against (a) the native
Gal/GalNAc lectin, (b) the lectin carbohydrate-binding domain (CBD), (c) lectin adherence-
inhibitory, and (d) lectin adherence-enhancing epitopes. These studies are based our
preliminary data that adherence-inhibitory anti-CBD antibodies confer passive protection to
amebiasis, and are associated with clearance of E. histolytica colonization in humans.

If the hypothesis (2) is correct, we would predict that clearance of E. histolytica infection
will be associated with the development of an adherence-inhibitory antibody response against
the carbohydrate- binding domain of the lectin.

Responsiveness to PA-96-048 “Expanded Research on Emerging Diseases”: E. histolytica
has emerged in last three years as an important cause of dysentery in Bangladesh (see Table
1 and Fig. 8). Building on new and specific diagnostic tests, and the recent appreciation that
E. histolytica and E. dispar are separate species, this proposal responds to PA-96-048 by

‘using field studies to test the host factors influencing emergence of E. histolytica infection.
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B. BACKGROUND AND SIGNIFICANCE

Importance of the disease amebiasis. Amebiasis is a common worldwide parasitic
infection. It is estimated that annually 40 to 50 million cases of amebic colitis and liver
abscess and 100,000 deaths result from E. histolytica infection (WHO, 1997). The
preponderance of E. histolytica infection, morbidity and mortality is experienced in Central
and South America, Africa and India. For example, in Mexico the 1987-8 national
serosurvey of 67,668 human sera samples demonstrated anti-E. histolytica antibodies in
8.4% of the population (Caballero-Salcedo et al 1994).

In Bangladesh, where we propose to do these studies, diarrheal diseases are the
leading cause of death in children under age 5 (Figure 1).

Figure 1: Probability of Survival from Birth to Age {x) ,
by Sex, 1994

—— male =% female

-

survivorship { 1x )
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0.4 - 10% vaccine preventable
31% other
0.3 1 (870,000 deaths/year)
0.2
0.1
D'D = T T 1 L T 1] 3 l‘ T T ] 1 T 3 T 1 1
0 5 10 15 20 25 30 35 40 45 50 55 60 85 V0 75 80 85+
age { x )

Data obtained from the Demographic Surveillance System (DSS)-Matlab, Health a_nd Demogr_aphic
Surveillance Programme, Community Health Division, International Centre for Diarrhoeal Disease

Research, Dhaka, Bangladesh.

We have found E. histolytica infection in 7-8% of grade school aged children with diarrhea
(Haque et al 1997a). Overall E. histolytica was identified in 4.2% of all patients, making it
the fifth leading enteropathogen identified (Table 1).

Table 1. Enteropathogens identified in stool specimens of patients with diarthea seen at the
International Centre for Diarrhoeal Disease Research Hospital in Dhaka, Bangladesh. Data
is for the 1994 - 1995 systematic surveillance of 2915 patients.

Organism__ , Patien nfected B
Vibrio cholerae O1 & 0139 18.6
Other vibrios - 12.0
Rotavirus 11.9
Shigella sp. 9.3
E. histolytica* 4.2
Salmonella sp, ] 1.7

*E. histalyticq' prevalence was determined on a subset of 1049 patients ages 1-14
using an antigen detection test which differentiates E. histolytica from E. dispar
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Redescription of E. histolytica as pathogenic E. histolytica and nonpathogenic E. dispar.
Entamoeba histolytica has recently been redescribed as:

E. histolytica (formerly called the pathogenic zymodemes of E. histolytica), and

E. dispar (formerly called the nonpathogenic zymodemes of E. histolytica)
The two species are morphologically identical. They can be differentiated by isoenzyme
analysis, antigen detection using monoclonal antibodies to the Gal/GalNAc lectin,
sequences of single copy genes, and small subunit ribosomal RNA sequences (Diamond &
Clark 1993). E. dispar has never been documented to cause colitis or liver abscess. E.
histolytica is the cause of amebic colitis and liver abscess. This nomenclature was recently
formalized in a joint statement by WHO, PAHO, and UNESCO (WHO, 1997).

Throughout this proposal Entamoeba histolytica is defined as the

“pathogenic zymodemes” and Entamoeba dispar as the “nonpathogenic

zymodemes” of what was formerly called E. histolytica. The term E.
 histolytica/dispar complex is used in cases where the two species have not
~ been differentiated by specific tests.

* Anti-amebic antibodies are an indicator of current or prior E. histolytica infection A serum

antibody response against E. histolytica can be demonstrated in greater than 80% of patients
with amebic colitis, 90-99% of patients with amebic liver abscess, and in 100% of
asymptomatic carriers of E. histolytica. Serum antibodies persist for at least three years

.after infection (Kagan 1970; Ximenez et al 1991, Jackson et al 1985). The presence of anti-

amebic antibodies is therefor an excellent indicator of past or current infection with E.
histolytica. Patients with E. dispar infection do not have a detectable anti-amebic antibody
response (Jackson et al 1985; Ravdin et al 1990). A transient (weeks to several months)
secretory immune response has also been observed in patients with E. histolytica infection.
Anti-amebic and anti-galactose adherence lectin IgA antibodies are present in the stool,
saliva and colostrum of patients with clinical amebiasis (Aceti et al 1991; Kelsall et al 1994;
Agarwal et al 1992). The presence of serum anti-amebic antibodies is not correlated with
the absence of infection with E. histolytica (Jackson et al 1985). This is to be expected since
almost all E. histolytica-infected people are seropositive.

Evidence in humans for immunity to E. histolytica. It is not known if acquired immunity
to E. histolytica infection exists. Many prior studies are impossible to interpret, as E. '
histolytica-specific tests were not used (Choudhuri et al 1991; Krupp 1970). Studies that
lump E. histolytica and E. dispar infection together suffer both from the fact that E. dispar
infection is more common, and that the ratio of asymptomatic E. histolytica to E. dispar
infection varies widely (from close to zero in North America to 1:3 in Bangladesh).

Longitudinal studies of individuals asymptomatically infected with E*histolytica (all
of whom have serum anti-amebic antibodies) have shown that most spontaneously clear
the infection in 3-9 months. However 10-14% of these E. histolytica-infected individuals
have been shown to progress to invasive amebiasis, demonstrating that immunity to
luminal infection, if it exists, is incomplete (Gathiram & Jackson 1985, 1987; Irusen et al
1992). , o

Case-series of patients with amebic colitis in-Natal, South Africa (Gathiram &
Jackson 1985) and in Dhaka, Bangladesh (Wanke et al 1985; Haque et al - Preliminary
Studies) have demonstrated a decline in incidence above age 14, with a second peak of
infection in adults > 40 years old. This could be interpreted as evidence of immunity
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acquired in childhood which wanes in the elderly. The only other evidence for immunity
to invasive amebiasis is the retrospective patient chart review by De Leon (1970) which
found a low incidence of patients being re-admitted to the hospital with liver abscess.
Because DeLeon’s study was retrospective and lacked a control group, it is impossible to
know if the apparently low rate of hospital readmissions with amebic liver abscess was due
to acquired immunity, a low prevalence of E. histolytica reinfection, or loss of patients to
follow-up. '

We are left with a situation where there is no human “real world” data that
acquired immunity exists. Development of a vaccine against amebiasis cannot optimally
occur in a vacuum of knowledge of naturally acquired immunity.

In vitro or animal model evidence of potentially protective humoral and cell-mediated
immune responses against E. histolytica, Immunization of animals with several E.
histolyica antigens provides protection from an intra-hepatic challenge with E. histolytica
(reviewed by Stanley 1997). These antigens include recombinant DNA prokaryotic-
expressed serine-rich and cysteine-rich proteins and the Gal/GalNAc adherence lectin.
Support for a role for antibodies in immunization-mediated protection has come
from studies using a severe combined immunodeficient (SCID) mouse model. SCID mice

) lack functional B and T cells, and unlike immunocompetent mice, are partially susceptible

to 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 (Cieslak et al 1992; Zhang et al
1994a, Lotter et al 1997). [Antibodies against the cysteine-poor domain of the galactose
lectin increased liver abscess size when transferred to SCID mice, which was interesting in
light of previous observations that immunization of gerbils with the intact lectin protected
some animals and exacerbated disease in others (Petri & Ravdin 1990)].

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-y) (Salata et al 1985, 1986). Macrophages and -
neutrophils, activated with IFN+ and TNF-o, are endowed with the capability of killing E.
histolytica trophozoites, while in the absence of IFN-y, these effector cells were killed by
the amebae (Salata et al 1985, 1986; Denis & Chadee 1989; Lin & Chadee 1992). In murine
macrophages TNF-a was shown to play a central role in activating macrophages for nitric
oxide-dependent cytotoxicity against E. histolytica (Denis & Chadee 1989; Lin & Chadee
1992; Lin et al 1994).

While the precise roles and importance of humoral and cellular responses in
immunity remain to determined, the above data suggest that protective immunity (if it
exists) is likely to involve elements of both.

Examples of other gastrointestinal pathogens for which acquired immunity is better
understood. It is instructive to understand how mechanisms of immunity have been
discovered for other gastrointestinal pathogens, and how that information is influencing
vaccine development. '

Rotavirus is an example of an infection in the GI tract for which protection is
acquired with natural infection. ‘Rotavirus is a non-enveloped RNA virus that infects the
mature villous intestinal epithelial cells in the small intestine. Nearly all children are
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infected within the first 3 years of life. Maximum susceptibility to infection is from ages 6
months to 2 years. 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
(Velazquez et al 1996). One to 4 months after infection rotavirus-specific IgG and IgA
antibodies can be detected in both serum and duodenal fluid. One year after infection it is
not possible to detect rotavirus antibodies at the mucosal site, although IgG antibodies
persist in serum. Animal models have supported the protective role of antibodies: transfer
of serum antibodies provides protection in cows (Besser et al 1988). Evidence exists in
humans that protection against re-infection correlates with levels of neutralizing rotavirus
antibodies. A serum neutralizing antibody of 1:128 or greater was associated with
protection from gastroenteritis with the same serotype of rotavirus (Chiba et al 1986).
Rotavirus serum IgA and salivary IgA antibodies were also found to correlate with
resistance to severe rotavirus infection (Ward et al 1992; Hjelt et al 1987). One non-empiric
approach to produce an effective rotavirus vaccine is to attempt to maximize antibody
production against neutralization epitopes on the outer capsid proteins VP4 and VP7
(Kapikian & Chanock 1996). ‘
Cholera is another example of an enteric infection for which a great deal is known’
about acquired immunity. Recovery from infection with classical biotype of V. cholerae
provides protection against re-infection for up to three years (Levine. et al 1981).
Seroepidemiologic surveys have demonstrated that with increasing age the titers of
vibriocidal  antibodies increases and the incidence of V. cholerae infection decreases
(Mosley et al 1968). [This is reminiscent of the near perfect correlation of serum antibodies
against the Haemophilus influenzae type b capsular polysaccharide and protection from
H. influenzae meningitis (Anderson et al 1977)]. Serum titers of vibriocidal antibody = 20
were associated with protection against both colonization and disease, whereas IgG and IgA
responses against cholera toxin were not (Mosley et al 1968; Glass et al 1985; Clemens et al
1991). The association of vibriocidal antibodies with protection was also present for
individuals who had received the whole cell V. cholerae vaccine (Clemens et al 1991).
The cholera example demonstrates that serum antibody responses can be a useful measure
of immunity to an enteric infection, and that it may be important to measure both the titer
and the specificity of the antibody response to make a correlation with protection. A

To summarize the above section, surprisingly little is known about immunity to E.
histolytica. Other experts share our view of the importance of obtaining this information:

“The experience of clinicians in areas of endemic amebiasis appears to support this
concept [that prior infection results in protective immunity], but carefully controlled
prospective studies are simply not available” (Stanley 1997). b

“Fundamental studies on the immunology of human amoebias_i'S' are -essential for
evaluating the feasibility of developing an E. histolytica vaccine” (WHO, 1997)

*

Specific gaps in our-knowledge of the immune response to E. histolytica to be addressed by -

this proposal: . -

* Is there acquired immunity to colonization?

* Is there acquired immunity to invasion or severe disease?

 If immunity exists, does it cotrelate with systemic or secretory antibody responses
against the trophozoite, the galactose lectin, or other defined antigens?

PHS 398 (Rev. 9/91) Page_<>
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C. PRELIMINARY STUDIES

Introduction: Section C-I of Preliminary Studies reviews the production and/or
standardization of tests to detect prior and current E. histolytica infection. Section CH
demonstrates the application of these tests to the study population in Bangladesh. Section
C-II also shows the correlation of serum antibodies against the lectin carbohydrate binding
domain with clearance of E. histolytica infection. ’

C-I: 1. Serum antibodies to the native galactose-specific adherence lectin are a marker of
current or past infection with E. histolytica. The Gal/GalNAc adherence lectin is almost
universally recognized by serum antibodies of individuals who have recovered from
amebic colitis and liver abscess (Petri et al 1987, 1989; Ravdin et al 1990). Anti-lectin
antibodies were detected in 99% (82/83) of South African patients with amebic liver abscess
(Fig. 2), and 95% (4/4 in Fig. 2 plus 16/17 in Fig. 10) of individuals colonized with E.
histolytica. Sera from healthy- American controls and patients infected with other parasites
were negative. The prevalence of anti-lectin antibodies in South Africans colonized with
E. dispar and with negative stool exam for E. histolytica were identical (25%), suggesting
that the anti-lectin antibodies seen in these 2 groups were from past infection with E.
histolytica and that colonization with E. dispar does not lead to a serum anti-lectin
antibody response detectable with this assay. Others also observed an absence of a serum
antibody response in E. dispar colonized individuals (Gathiram & Jackson 1985, 1987).
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Microtiter plates were coated with 0.1 pg/well of puriﬁed-lectin, blocked in 1% bovine serum
albumin, 0.05% Tween 20 in phosphate-buffered saline, and reacted with a 1:1,000 dilution of the
serum sample. Unbound antibodies are washed from the wells, and human antibodies bound to the
lectin detected with a peroxidase-conjugated anti-human IgG antibody (Ravdin et al 1990).
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The anti-lectin ELISA has also been tested on patients from Cairo, Egypt with invasive
amebiasis with comparable results (Abd-Alla et al 1992). The antigenic structure of the
lectin is conserved in every isolate of E. histolytica we and others have tested, including
hundreds of independent isolates from Bangladesh, South Africa, Egypt, Mexico, Brazil,
the United States, Thailand and India (Petri et al 1990b; Haque et al 1993, 1995 [see
Appendix A-E]; Abd-Alla et al 1993). Even at the level of gene family organization the E.
histolytica lectin is remarkably conserved, a fact that not only reflects the probable clonal
lineage of this asexual organism, but a fact which is of practical value if the protein is to be
the basis of diagnostic tests (Ramkrishnan et al 1995). The anti-lectin ELISA therefore is a
sensitive measure of prior or current infection with pathogenic E. histolytica.

C-I: 2. Specific identification of E. histolytica in stool using an antigen detection test based
on anti-lectin monoclonal antibodies. A rapid and simple approach to the diagnosis of E.
histolytica infection is an antigen-detection ELISA based on the antigenic differences in the
Gal/ GalNAc lectin in E. histolytica and E. dispar (Petri et al 1990a). The ELISA uses
microtiter wells coated with rabbit polyclonal anti-lectin antibodies to "capture” the lectin
from stool samples. Peroxidase-conjugated monoclonal antibodies (mAb) to lectin E.
histolytica-specific epitopes 3 and 4 are used to detect E. histolytica in the stool specimen
(Figure 3). Both E. histolytica and E. dispar are detected if the cross-reactive mAb to lectin
epitopes 1 and 2 are used (Figure 4).

Figure 3  Detection of E. histolytica Infection in Stool
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This assay has been applied to single stoo] specimens from over a thousand patients
with diarrhea or dysentery in Dhaka, Bangladesh (Haque et al 1993, 1994, 1995, 1997a).
Compared to culture plus zymodeme analysis, differentiation of E. dispar from E.
histolytica was 95% sensitive and 93% specific. Ravdin and colleagues have reproduced
these results in Egypt (Abd-Alla et al 1993; Abou-El-Magd et al 1996). We demonstrated
that stool specimens from patients diagnosed with E. histolytica infection by ELISA were
much more likely to have visible blood and trophozoites containing ingested red cells
than specimens from patients diagnosed with E. dispar infection (58% vs 3.3% - Ti}ble 2).
Thus, as expected, signs of dysentery were most common in patients diagnosed with
infection with the disease-causing species E. histolytica (Haque et al 1995). Th_e E.
histolytica test (which detects only E. histolytica) and the Entamoeba test (which detects
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Some microscopic characteristics of stool specimens from patients infected with E. histolytica
and E. dispar (diagnosed by Entamoeba and E. histolytica Tests).

E. histolytica E. dispar
No. (%) No. (%)
Visible blood in stool 14 (58) 1 (3.3)
Microscopic blo;:)d in stool 17 (70) 4 (13.3)
Ingested RBC 13 (68) 3 (15.7)

both E. histolytica and E.dispar in stool) have both received FDA 510k approval for in vitro
diagnosis of amebiasis in humans. The ability of these tests to rapidly and specifically
identify E. histolytica in stool will be an important part of the proposed studies.

Figure 4 Detection of E, histolytica/E. dispar Complex
* Infection in Stool using TechLab Entamoeba Test
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We have developed a PCR technique for detection of E. histolytica in stool, and
demonstrated that it has excellent correlation with culture and the TechLab E. histolytica-
specific antigen detection test (Figure 5). The nested PCR test we used is based on
amplification of the small subunit ribosomal RNA gene of E. histolytica and E. dispar,
followed by restriction digest analysis of the PCR product. Single stool samples were
obtained from 88 patients diagnosed by microscopy and/or culture with E. histolytica/E.
dispar complex infection and 10 without. Isoenzyme analysis identified 53 of the infections
as E. histolytica, and 28 as E. dispar. PCR and antigen detection on stool had comparable-
sensitivities, identifying 87% (46/53) and 85% (45/53) respectively of E. histolytica
infections identified by isoenzyme analysis. The correlation of anti '
for identification of E. histolytica in stool was 93% (45/48). PCR for E. histolytica was
negative in all 10 samples that were negative for E. histolytica by isoenzyme and antigen
detection. Mixed infections with E. histolytica and E. dispar were detected by PCR in 14%
(12/88) of cases. .
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The nested PCR described in our work is comparable to culture and to the TechLab
E. histolytica antigen detection test for the diagnosis of E. histolytica infection (Haque et al
1997b). While much more labor intensive than antigen detection, the PCR test will be a
useful confirmatory test in the proposed studies, and has the added capability of detecting
mixed infections with E. histolytica & E. dispar which will be missed by the antigen
detection test.

*

Figure 5. Restriction endonuclease digestion of the products of nested PCR. The restriction fragments
of DNA amplified with the E. dispar-specific nested primers (lanes 1 and 3) and E. histolytica-specific
nested primers (lanes 2 and 4) are shown. The starting materials for the PCR reactions were stool samples
from patients with culture-confirmed infections with E. dispar (lane 1), E. histolytica (lane 2), and E.
histolytica (lanes 3 and 4 - 2 mixed infection based on PCR). The marker (M) is ¢x 174 DNA digested
with Hae III. (Haque et al, J. Clin Microbiol 1997, in press).

C-I: 4. Identification of the carbohydrate-binding domain of the lectin, and demonstration
that antibodies against it provide passive protection from amebiasis. The location of the
carbohydrate-binding domain in the native 260 kDa Gal/GalNAc lectin is of more than
academic interest. The native lectin contains both adherence-inhibitory and adherence-
enhancing epitopes, which confound its use in a vaccine. Immunization of gerbils with
the intact lectin produces both adherence-enhancing and inhibitory antibody responses,
and exacerbates disease in a subset of animals (Petri & Ravdin 1990). Humans with
invasive amebiasis also produce antibodies against both adherence-inhibitory and
adherence-enhancing epitopes of the lectin (Petri et al 1990b). We have recently identified
the carbohydrate-binding domain and have tested whether it is a more effective vaccine
than the native lectin (Dodson, Haque and Petri, unpublished).

To identify the carbohydrate binding domain of the lectin, a series of fragments of
the lectin heavy subunit were expressed in E. coli and tested for reactivity against a series of
anti-lectin monoclonal antibodies. The region of the lectin 170 kDa subunit designated
A3A (lectin heavy subunit amino acids 895-998) was recognized only by the adherence-
inhibitory epitope 4 mAb, and not by adherence-enhancing mAb (Figure 6). The A3A
fragment of the lectin had similar Gal/GalNAc carbohydrate binding activity as the native
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lectin (Figure 7). Immunization of gerbils with A3A provided substantial protection from
amebic liver abscess, and passive transfer to naive mice of sera from A3A-immunized mice
provided a similar degree of protection (Table 3). We conclude that the region of the lectin
encompassed by A3A contains a carbohydrate binding site, and that antibodies against this
region of the lectin confer protection from invasive amebiasis. In Specific Aims 1 and 2
we will measure antibody responses against the carbohydrate-binding domain, to test the
hypothesis that anti-carbohydrate-binding domain antibodies protect from infection.
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Figure 6. Binding sites of monoclonal antibodies that block Gal/GalNAc binding activity of the
lectin. Fragments of the heavy subunit (A, B; C) were expressed as GST fusions in E. coli and tested for
reactivity with anti-lectin mAb. Monoclonal antibodies against all 7 epitopes were located in fragment A,
which contains the extracellular cysteine-rich region of the heavy subunit. A series of carboxy-terminal
deletions of the A fragment resulted in the identification of the binding site for the adherence-inhibitory mAb
against epitope 4 in the deletion fragment A3A. o
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Figure 7. Carbohydrate-binding activity of the A3A fragment of the Gal/GalNAc lectin. The CW
and the A3A domains of the lectin heavy subunit were expressed as His-tag fusions in E. coli and
purified using nickel affinity chromatography. Panel A shows (left to right) molecular weight
standards, purified CW, and purified A3A. Panel B is a Western blot of Panel A, demonstrating =
recognition of A3A but not CW by the adherence-inhibitory mAb 8C12. Panel C is a Western blot of
Panel A probed with 1251-GalNAc; o BSA, demonstrating carbohydrate binding activity of A3A. A low
level of nonspecific binding of 1251-GalNAc; o BSA to CW is also seen. Panel D demonstrates
competition of the binding of 1251-GalNAc o BSA to A3A by the glycoproteins fetuin (which contains O-
linked terminal Gal) and asialofetuin (which also contains N-linked terminal GalNAc). '
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Table 3. Active and passive immunization of gerbils with the carbohydrate binding domain. Gerbils
were actively immunized with 100 ug of A3A in complete Freund’s adjuvant and boosted with 100 ug in
incomplete Freund’s adjuvant at 2 and 4 weeks. Animals were challenged with 500,000 trophozoites at
week 6. Passive immunization consisted of transfer to naive animals of 1 mi of control or A3A-immuine

_sera (half intramuscularly and half intrahepatically) on the day of challenge. Animals were sacrificed 10

days after challenge and liver abscess weights measured.

Abscess weight
Trial Group Liver Abscess Weight as % of Control p value
Active Immunization Control (Sham immunized) 70+/-17g{n=4) -
Carbchydrate binding domain 15+/-08g{n=5 21% <0.001
Passive Immunization Control (Sera from sham immuniz.) 46 +/-1.5gn=4) -
Immune {Sera from immuniz. gerbils) 65 +/-1.0g (n=4) 14% <(0.001

C-II. Application of diagnostic tests to study E. histolytica infection in Bangladesh.

C-II: 1. Prevalence of E. histolytica infection in Bangladeshi children. We used three well
characterized diagnostic tests for, amebiasis, microscopy, culture, and antigen detection, to
first examine the prevalence of E. histolytica and E. dispar infection in children in
Bangladesh. We compared 1,049 urban children with diarrhea seen at the ICDDR,B
hospital to 987 rural children without diarrhea (Haque et al 1997). Urban children with
diarrhea had a 4.2% prevalence of E. histolytica infection and a 6.5% prevalence of E. dispar
infection. Rural asymptomatic children had a 1.0% prevalence of E. histolytica infection
and a 7.0% prevalence of E. dispar infection. E. histolytica infection was more common in
children ages 3-14 than in children ages 0-2 (Figure 8). We concluded that because of the
relatively high prevalence of E. histolytica disease and the proximity to the ICDDR,B
laboratories, that future studies of amebiasis should be conducted in an urban area of
Dhaka.

Figure 8 Prevalence of E. histolytica in Asymptomatic Rural Children
and in Urban Children with Diarrhea
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C-II: 2. Idenﬁﬁcaﬁoﬁ of the Mirpur community in Dhaka, Bangladesh as _an optimal
location for the study of E. histolytica and E. dispar infection. Mirpur, a sqburb of Dhaka,
Bangladesh, is an urban slum. The majority of the inhabitants are of Bihari ethnic origin,
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who settled in Mirpur after the war with Pakistan in 1971. The area is densely populated,
and located 15 minutes away from the ICDDR,B. The population is stable with low
socioeconomic conditions, with a population of approximately fifty thousand. Mirpur is
especially attractive as a site for the proposed studies because (1) the prevalence of
Entamoeba infection (as determined by microscopy) is high (Figure 9); (2) the population is
stable; (3) Mirpur is a few minutes drive from the ICDDR,B laboratories and hospital; and
(4) the co-Principal Investigator is successfully conducting another prospective study there.

The initial study estimated the prevalence of asymptomatic E. histolytica/E. dispar
complex infection in Mirpur by microscopy of single stool specimens collected from 1,765
individuals. The prevalence of E. histolytica/E. dispar complex infection increased and
Giardia lamblia decreased with increasing age (Figure 9), as has been observed elsewhere
(Bray & Harris 1977). We have followed up on these studies by using the E. histolytica and
Entamoeba antigen detection kits to specifically identify asymptomatic E. histolytica
infection in Mirpur (Table 4). To date we have examined single stool specimens from 672
children. As expected antigen detection and culture identified higher prevalences of E.
histolytica and E. histolytica/E. dispar complex infection than did microscopy. These
studies will be expanded in Specific Aim 1, and are important to the design of Aim 2.

Figure 9
Prevalence of infection with intestinal protozoa among 1,765
people living in Mirpur, Dhaka :

—— Entamoeba spp -o— Giardia duodenalis

Percentage infected
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Table 4. Prevalence of Asymptomatic E. histolytica and E .dispar Infection in 672 Children Ages 2-5
Living in the Mirpur Community of Dhaka, Bangladesh

Entamoeba dispar/histolytica Infection Detected By:

Microscopy Culture Entamoeba Antigen E. histolytica Antigen
28 (4.1%) 72 (11%) 123 (18%) 32 (4.8%)
n

We next tested sera from 257 of the children ages 2-5 from Mirpur for antibodies
against E. histolytica as an indicator of prior infection (see Section 3A-1 for data on use of
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anti-lectin antibodies to predict prior disease). Sera were tested at a 1:1,000 dilution in a
microtiter plate ELISA assay (by the method of Ravdin et al 1990). The serum antibodies
were tested for reactivity with purified E. histolytica Gal/GalNAc lectin and purified

" recombinantly expressed carbohydrate binding domain (the A3A fragment from Figure 6).
The cut-off point for positive results was determined to be 0.5 for the anti-lectin antibodies
and 0.3 for the anti-carbohydrate binding domain antibodies (mean + 3 standard deviations
of the results of negative sera samples).

Serum anti-Gal/GalNAc lectin antibodies were detected in 33% (86/257) of the
children (Figure 10). - Similar rates of sera positive for anti-lectin antibodies have been
observed in poor individuals in Brazil (Braga et al 1996) and South Africa (Ravdin et al
1990). Anti-lectin antibodies were present in the sera of 94% (16/17) of children who were
asymptomatically infected with E. histolyfica at the time of serum collection, as has been
seen previously in South Africa (Ravdin et al 1990). In-contrast, children infected with E.
dispar at the time of serum collection did not have higher rates of seropositivity than
uninfected children. Other workers have also noted the lack of a systemic antibody
response with E. dispar infection (Gathiram & Jackson 1985; 1987; Ravdin et al 1990). We
conclude from these studies that (1) anti-lectin antibodies are an excellent marker of
current asymptomatic E. histolytica infection; (2) that E. dispar infection does not result in
serum anti-lectin antibodies that are detectable by this technique; and (3) that 33% of
children ages 2-5 in Mirpur have evidence of prior E. histolytica infection.

Figure 10

" Serum Antibody Against E. histolytica
Lectin in Children Ages 2-5 in Bangladesh
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C-II: 3. Evidence that serum antibodies against the lectin carbohydrate binding domain are
associated with clearance of E. histolytica infection. The sera from the 257 Mirpur children
were also tested for antibodies against the lectin carbohydrate-binding domain. The
antibody response against the carbohydrate-binding domain was strikingly different than
that to the intact lectin: 18% of all children, and only 41% (7/17) of E. histolytica infected
children, had a positive antibody response (Figure 11).
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Figure 11  Serum Antibody Response Against
Lectin Carbohydrate-Binding. Domain
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We collected follow-up stool and sera samples six months later from the children
infected with E. histolytica. One child was lost to follow-up; E. histolytica infection was
detected in only 2/16 children six months after the initial infection was detected. In the 14
children that had cleared their E. histolytica infection, the antibody response against the
carbohydrate-binding domain was significantly higher at 6 months follow-up: the ratio of
convalescent (6 month follow-up) to acute anti-CBD serum antibody levels was 1.8 +/-
0.17. In contrast the level of anti-lectin antibodies was unchanged (ratio of
convalescent/acute antibodies of 0.99 +/- 0.04; p<0.0001 compared to anti-CBD). Figure 12
shows the ratios of convalescent to acute antibody responses against the lectin and its
carbohydrate binding domain for the individual patients. We conclude from these studies
that clearance of E. histolytica infection is associated with increased antibodies against the
lectin carbohydrate binding domain, but not against the intact lectin. We propose to test
this association in cross-sectional and prospective studies in Specific Aims 1 and 2.

Figure 12

Clearance of E. histolytica Infection Correlates with Increased
Anti-Carbohydrate Binding Domain (CBD) Serum Antibodies
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Summary of Preliminary Studies:

*Serum anti-lectin antibodies are a sensitive marker of past/current E. histolytica infection
*E. dispar infection is not associated with detectable serum anti-lectin antibodies

*Antigen detection, PCR, and culture have been field tested. The three methods are
complementary, sensitive, and specific means to detect E. histolytica infection

*Children in Mirpur, Bangladesh have a high prevalence of E. histolytica infection

* Antibodies against carbohydrate binding domain passively protect gerbils from amebiasis
*Recovery from asymptomatic E. histolytica infection is associated with increased anti-
carbohydrate-binding domain antibedies (but not anti-lectin antibodies).

Publications by Drs. Petri & Hague Relevant to this Proposal and Included in Appendix:

(A) Haque R, Kress K, Wood S, Jackson TFHG, Lyerly D, Wilkins T, and Petri WA Jr.
Diagnosis of pathogenic Entamoeba histolytica infection using a stool ELISA based on
monoclonal antibodies to the galactose-specific adhesin. ] Infect Dis 167:247-9, 1993.

(B) Haque R, Lyerly D, Wood S, and Petri WA Jr. Detection of Entamoeba histolytica and
Entamoeba dispar directly in stool. Amer ] Trop Med Hyg 50:595-6, 1994.

(C) Hague R, Neville LM, Hahn P, and Petri WA Jr. Rapid diagnosis of Entamoeba
infection using the Entamoeba and Entamoeba histolytica stool antigen detection kits.
J Clin Microbiology 1995; 33:2558-61.

{D) Haque R, Faruque ASG, Hahn P, Lyerly DM, Petri WA Jr. Entamoeba histolytica and
Entamoeba dispar infection in children in Bangladesh. ] Infect Dis 1997; 175:734-6.

(E) Hague R, Ali IK, Petri WA. Detection of Entamoeba histolytica infection: Comparison
of PCR, iscenzyme analysis, and antigen detection. ] Clin Microbiology 1997; in press.
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D. RESEARCH DESIGN AND METHODS

Mirpur, Bangladesh, is an ideal setting to determine if immunity is acquired to E.
histolytica infection. We have already determined, using E. histolytica-specific tests, that
5% of 300 children ages 2-5 tested in Mirpur are colonized with E. histolytica, and 33% have
serologic evidence of prior E. histolytica infection. We estimate, based on the 3 month
average duration of E. histolytica colonization, that the incidence of E. histolytica infection
in these children is 20% annually. Mirpur is a stable community in which adherence to
protocols and follow-up has been excellent. In fact we have already successfully followed
children with E. histolytica colonization in Mirpur, and Dr. Haque is currently conducting
fruitful prospective studies of nutritional interventions in children there. The high
prevalence of E. histolytica infection in Mirpur enables statistically powerful studies of
immunity with manageably small numbers of study patients.

Prospective Study of Amebiasis in Children
Ages_2-5 in Mirpur, Dhaka, Bangladesh
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Hypothesis 1: Immunity to invasive infection by E. histolytica is acquired from a previous
(symptomatic or asymptomatic) infection. '
"

Specific Aim 1: A three year prospective study will measure E. histolytica infection and

invasion in two cohorts of children ages 2-5 in the Mirpur district of Dhaka. One cohort will be

composed of 125 children with serologic evidence of prior E. histolytica infection. The second
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cohort will be composed of 125 children without evidence of prior infection. We will test if
children who have had prior infection are less likely to be re-infected with E. histolytica, or if
reinfected are less likely to have severe amebiasis. If hypothesis (1) is correct, we would predict
the following outcomes: (a) children who have had prior E. histolytica infection will be less
likely to have future episodes of invasive amebiasis; (b) it is possible that they will also be less
likely to be re-infected with E. histolytica; and (c) if re-infected may clear infection more rapidly.

RATIONALE. The design of these experiments is simple: individuals with and without
evidence of prior infection with E. histolytica will be compared for their susceptibility to
infection with E. histolytica. Based on the experience with other enteropathogens such as
rotavirus and Vibrio cholera, it is a reasonable expectation that acquired immunity exists
to amebiasis. Acquired immunity could include immunity to infection or immunity only
to severe disease. We have designed the study to have high statistical power to detect a
'50% difference in infection or disease rates. We have chosen the 2-5 year age group as
these children are approaching the age where we have observed the steepest rises in the
prevalence of E. histolytica infection (Fig. 8 & 9).

Serum anti-amebic. antibodies are.an excellent marker for prior infection with E.
histolytica. Because the main goal of this study is to test for the acquisition of immunity to
amebiasis, we need a sensitive means of identifyingindividuals. with prior E. histolytica
infection. Serum anti-E. histolytica and anti-lectin antibodies have been detected for
greater than 3 years after infection in up to 94% of patients with amebic colitis, 97% of
patients with amebic liver abscess, and 95% of individuals colonized with E. histolytica.
antibodies (Jackson et al 1985; Petri et al 1987b; Ravdin et al 1990; Stanley et al 1991; Zhang
et al 1992; Lotter et al 1995; Preliminary Studies). Infection with E. dispar in contrast does
not result in detectable anti-E. histolytica or anti-lectin serum antibodies (despite the
antigenic relatedness of the two organisms) (Jackson et al 1985; Ravdin et al 1990). Therefor
the presence of serum anti-amebic antibodies is a measure of current and prior E.
histolytica but not E. dispar infection.

RESEARCH DESIGN
Enrollment of children: .

» Mirpur. children ages 2-5 .

s Cohort of children with prior E. histolytica infection: prior infection defined as a
positive serum antibody test for anti-lectin antibodies.

« Cohort of children without evidence of prior infection: negative serum antibody
response for anti-lectin antibodies. o

"e Cohorts matched for age, sex, family size. The parents of each child will be
questioned .about the child’s symptoms of intestinal and extraintestinal amebiasis,
dysentery, fever, and history of drug ingestion, and the child will be examined for
hepatomegaly prior to enrollment. Subjects with a recent (< 1 month) history of anti-
amebic medication use will be excluded from the study. '

Qutcomes to be analyzed:
« Incidence of E. histolytica and E. dispar infection in the “immune” and naive
e@rts of children ' :
o Severity of E. histolytica or E. dispar associated diarrhea in the two cohorts
« Incidence of E. histolytica associated dysentery in the two cohorts

7
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*» Association of Shigella dysenteriae infection/ disease or other enteropathogens
with E. histolytica and E. dispar infection (based on preliminary evidence of such an
assoication - see Appendix D).

Statistical evaluation:

The assumptions that underlie this aim are as follows: First we estimate that 5% of
the children at any one time are infected with E. histolytica (Table 4). From our own data
(14/16 children cleared E. histolytica colonization at 6 months) and that of Jackson and
colleagues in South Africa, we estimate that the average duration of asymptomatic
infection with E. histolytica is 3 months. Therefor a 5% prevalence of E. histolytica
infection represents a yearly incidence of infection of approximately 20%. Second, we
estimate that 10% of the children will be lost to follow-up each year. The power of this
study to detect a 50% or a 30% difference in infection rates between naive and immune

_individuals over 3 years is 99.9% and 80% respectively (Bayer 1988). We have chosen the

30-50% levels of protection as a estimate based on other enteric diseases. For example prior
rotavirus infection provides 77% protection from diarrhea and 38% protection from re-
infection (Velazquez et al 1996) and vibriocidal serum antibody titers > 20 are associated
with 50% protection from infection and illness (Glass et al 1985). Dr. Barry Farr of the
Division of Epidemiology at the University of Virginia will be assisting with statistical
analyses throughout the project. '

Prospective analysis: a:

Children will be visited every other day by health care workers who mmtw the
parents and child. Parents will be asked about the child’s eating patterns, stool frequency,
consistency and presence of blood, and fever. For all children, stool specimens will be
collected every month for detection of E. histolytica and E. dispar infection by antigen
capture. Serum and saliva will be collected every 4 months in all individuals, and every
month in E. histolytica infected persons.

Work-up of children who develop diarrhea:

Children with diarrhea will be detected either by the every other day visits of the health
care workers, or through the parents contacting project personnel. at the field office.
Parents will be instructed to contact the field office in Mirpur whenever their child has a
diarrheal or gastrointestinal iliness. There are no telephones available to the families in

Mirpur, so the every other day visits to the families and the proximity of the field office to

the subjects is key. When diarrheal disease is detected, a stool sample will be collected. and
examined for enteropathogens (see General Methodology, at the end of this section) and
the child will be examined. Samples will be kept on ice and transported to the laboratory
for processing within 2-4 hours. Parents will be instructed in the use of oral rehydration
solution, and antibiotics administered or the patient seen or hospitalized at the ICDDR,B
when appropriate. ‘
Definitions:

Diarrhea: An episode of diarrhea is defined as the occurrence of three or more loose or
watery stools, or one or more bloody stools, in a period of 24 hours.

Scoring of the severity of diarrhea: Severity of diarrhea will be assessed by a
modification of the point system of Ruuska et al (1990) developed for rotavirus infection
that will measure: (a) duration of diarrhea in days; (b) maximal number of stools per day;
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(c) presence of occult or gross blood; (d) degree of dehydration/ weight loss; and (e} need for
rehydration/ hospitalization. Greater weight will be placed on criteria (c) and (e) when the
severity score is calculated.

Dysentery: Diarrheal stools containing occult or gross blood.

_Subdlinical E. histolytica_Infection: Individuals will be considered to have subclinical
infection if E. histolytica is detected in stool but diarrhea is not present and no evidence
exists for extra-intestinal amebiasis. .

Amebic Colitis: Diarrhea with gross or occult blood present and E. histolytica identified
in the stool, no other intestinal pathogens identified capable of causing dysentery
(Salmonella, Shigella, invasive /enterohemorrhagic E. coli, Yersina, Campylobacter),
consistent findings of colonic ulceration if sigmoidoscopy or colonoscopy with biopsy is
performed (not required), and a response to therapy with anti-amebic medications.

Probable amebic colitis: Diarrhea with gross or occult blood present and pathogenic 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. : :

Feasibility of a prospective study at Mirpur:

The study will be conducted among residents of a slum community in Mirpur, a suburb
of Dhaka, Bangladesh. The prevalence of intestinal parasitic infections (including E.
histolytica) is very high in Mirpur. The majority of the inhabitants are of Bihari ethnic
origin, who settled in Mirpur after the war with Pakistan in 1971. The area is densely
populated, and located 15 minutes away from the ICDDR,B. The population is stable with
low socioeconomic conditions, with a population of approximately fifty thousand. Mirpur -
is an excellent site for this study for several reasons. First, the prevalence of infection with
E. histolytica is approximately 5% in children ages 2-5, which should give our study the
statistical power necessary to detect acquired immunity to E. histolytica. Second,
prospective studies have been and are now being conducted successfully in Mirpur. The
co-PI Dr. Haque is currently conducting a prospective study in Mirpur entitled "Field trial
of beta carotene and anti-helminthic therapy to improve micronutrient nutrition among
preschoolers” which is funded by the Thrasher foundation. Dr. Haque also participated in
a second study in Mirpur conducted by Dr. Andrew Hall entitted “Antibody isotype
response to the antigens of Ascaris lumbricoides in a case-control study of persistently
heavily infected Bangladeshi children” (Parasitology 1995; 11 1:385-93).

The current field trial of beta carotene supplementation is a good example of our ability
to conduct prospective studies in Mirpur. About 900 children were initially registered for
the study during October 1996 by three Health Assistants. From November 1996 Dr. Haque
started collection of stool samples.from the targeted children for guantitative stool
examination of intestinal helminths. Stool samples from 858 children were examined
during November and December 1996. In early January 1997 he started to recruit children
into the study for intervention, with recruitment completed at the end cr February 1997. A
total of 244 children were assigned randomly into four groups for intervention according
to the study design. Blood samples were collected from all of those 244 children for
estimation of serum retinol and beta carotene. All 244 children were foliowed according to
the study plan after recruitment for daily beta carotene or placebo capsule

39



N Principal Investiaator/Program Director (I ast, first,_middfe): Petni, William A Jr.

supplementation. Health Assistants have visited every alternate day to the households of
the children. Children were again treated with albendazole or placebo during May and
June 1997 according to study plan. The second set of blood samples and anthropometric
measurements of the children were completed during July and August 1997 from 227
children. There were 17 children dropped from the study due to several reasons inciuding
migration out of Mirpur and non-cooperation with the study. Therefor the loss of subjects
in the first year of the study has been only 7.5%.

Hypothesis 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. :

Specific Aim 2: Children with asymptomatic, noninvasive, E. hisfolytica infection
(identified in Aim 1) will be prospectively followed from the onset of infection to its
clearance. The children will be monitored for serum and salivary antibody responses
against (a) the native Gal/GalNAc lectin, (b) the lectin carbohydrate-binding domain, and
(c) lectin adherence-inhibitory, and (d) lectin adherence-enhancing epitopes.

If the hypothesis (2) is correct, we would predict that clearance of E. histolytica infection
will be associated with the development of an adherence-inhibitory antibody response against
the carbohydrate- binding domain of the lectin. K

RATIONALE: _

* (1) We have demonstrated through paired sera analyses an association of increased
levels of serum anti-lectin carbohydrate-binding domain antibodies with clearance of
asymptomatic E. histolytica infection (Fig. 12).

» (2) Additionally, in preliminary experiments we have shown that antibodies against
the carbohydrate-binding domain of the E. histolytica Gal/GalNAc lectin passively transfer
protection against amebiasis to non-immune animals (Table 3). .

It has long been suspected that antibodies against E. histolytica and its galactose-
specific lectin could be protective against future infection, by blocking adherence (by
binding to lectin epitopes 4-6), cytotoxicity, or serum resistance, or by cpsonizing the
trophozoite (Saxena et al 1986; Petri et al 1987a). Conversely these antibodies could be
disease-enhancing by increasing trophozoite adherence (by binding to lectin epitopes 1 or 2)
(Petri et al 1950b). In fact we demonstrated the presence in human immune sera of
antibodies against both adherence-enhancing and inhibiting epitopes (Petri et al 1990b).
Experiments in a SCID mouse model of amebic liver abscess have demonstrated anti-E.
histolytica antibody-mediated protection when antibodies against the trophozoite, the
serine rich protein, and cysteine-rich domain of the lectin (encompassing the A3A
carbohydrate-binding domain of the lectin) are passively -transferred (Cieslak et al 1992
Zhang et al 1994a; Lotter et al 1997). Enhanced formation of liver abscess was observed
when antibodies against the aminoterminal domain of the lectin were transferred (Lotter -
et al 1997). It therefore may be important to measure not only the total E. histolytica
antibody response but also the antibody response against specific proteins and their
domains.

e (3) Additionally it is important to measure serum antibodies, as amebiasis is a
systemic as well as an enteric disease. Serun anti-amebic antibodies are also roughly
correlated with secreted antibody responses in amebiasis. |
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« (4) In cholera and in rotaviral disease serum antibodies have been demonstrated to
correlate with protection, perhaps because serum antibodies reflect not only the systemic
immune response but also part of the mucosal antibody response to infection.

EXPERIMENTAL DESIGN: Whole blood (100-200 ul) will be obtained by finger prick and
sera isolated by conventional procedures. Microtiter wells will be coated with total E.
histolytica proteins, or 0.1 pg of affinity-purified E. histolytica galactose-specific adherence
lectin, or 0.1 ug of the purified A3 lectin fragment in 100 ul of pH 9.6 bicarbonate buffer
overnight. Wells will be washed and blocked in 1% BSA-PBS-0.1% Tween for 1 hour and
then human sera (serial dilution from 1:250 - 1:4,000) added to the wells and incubated for
4 hours. After washing, the absorbed human anti-lectin antibodies are detected with an
anti-human IgG peroxidase-conjugated secondary antibody. An anti-IgA peroxidase-
conjugated secondary antibody will be used to detect IgA antibodies against E. histolytica.
To determine the epitope-specificity of the human immune response against the lectin,
human sera will be used to compete the binding of mAb against the seven defined
epitopes on the lectin heavy subunit. For additional details, see Petri et al (1990b). Results
are expressed as the reciprocal of the last dilution of sera for which the optical density
exceeded the mean optical density values for reference non-immune sera by 3 standard
deviations. :

" Analysis of Salivary Anti-lectin IgA Antibodies:

RATIONALE: IgA is the most abundant of the immunoglobulins -and the predominant
antibody present in secretions (Mestecky & McGhee 1987). IgA is also present in serum,
although the subclass of IgA in serum is predominantly IgAl, while IgA2 predominates in
secretions. This is a potentially important reason to test both secreted and serum IgA, as
IgAl antibodies are more likely to be directed against protein antigens and IgA2 against
carbohydrate antigens (Mestecky et al 1989). Measurement of salivary sIgA is thought to
reflect intestinal sIgA because of the interconnections of the mucosal immune system.
The role of secreted IgA in protection from enteric infections is not clear; most people with
a deficiency in IgA, the most common disorder of antibody production (1:300-600 in the
normal population), are not predisposed to enteric infections (Brown et al 1972; Heinzel
1995). However passive protection mediated by IgA has been demonstrated in several
infections (Ogra et al 1968; Bessen & Fischetti 1988), and induction of an intestinal sIgA
response by oral poliovirus vaccine has been correlated with protection from colonization
(Ogra & Karzon 1971).

“There are several approaches to measuring secretory IgA. The most common sense
approach, direct measurements of intestinal IgA, is fraught with technical difficulties, not
the least of which is the difficulty in obtaining intestinal secretions and tissue. Detection
of circulating antigen-specific IgA-secreting cells by ELISPOT is another approach, but
correlations of this test with protection from infection have yet to be conclusively
demonstrated (Quiding et al 1991). Salivary IgA levels are less labor-intensive to
determine than ELISPOT, and have been shown to correlate with IgA (+) immunocytes in
rectal mucosa biopsies of patients with amebic liver abscess. IgA antibodies against E.
histolytica (and specifically against the galactose lectin) present in saliva of patients with
intestinal amebiasis have been demonstrated to block adherence of the trophozoite, and
therefore could be important in protection from infection {Carrero et al 1994).
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EXPERIMENTAL DESIGN: Saliva will be collected from the subjects and stored at 4° C for
transport to the laboratory where it will be either immediately tested or stored at -76° C for
future assay. Saliva will be serially diluted in PBS (from 1:2 - 1:128), and anti-lectin IgA
antibodies detected using the same microtiter well procedure detailed above for serum
antibody analysis, with the exception that a rabbit anti-human IgA peroxidase-conjugated
secondary antibody will be used to detect. Results will be standardized to the total IgA-
content of the saliva sample.

General Experimental Methods
EVALUATION OF STOOLS FOR THE PRESENCE OF E. HISTOLYTICA AND E. DISPAR
Examination of Stool Specimens for the Presence of E. histolytica/E. dispar complex by
Microscopy and Culture: A single stool specimen will be collected from each subject. Stool
samples will be transported to the laboratory at4™ C where a direct smear will be prepared
for microscopical examination for E. histolytica. Other protozoans or helminths, if
present, will be recorded as well, and the stool sample will then be cultured and cultured
amebae analyzed by isoenzyme analysis to identify E. histolytica and E. dispar.

. \

Stool Antigen Detection ELISA for E. histolytica:
Polystyrene 96 well microtiter plates (Corning Glass Works, Corning, NY) will be coated
with 100 ml/well of a 1:2500 dilution of protein A-purified rabbit polyclonal antibodies

" against the galactose lectin in 0.1 M bicarbonate buffer pH 9.6 overnight at 40 C. The plates

after washing 3 times in PBS containing 0.05% Tween 20 (Sigma, St. Louis MO) (PBS-
Tween) will be blocked in 1% BSA (Sigma)-PBS-Tween for 1 hour at rcom temperature.
Stool samples to be tested will be suspended 11 in PBS containing 2 mM
phenylmethylsulfonylfluoride and 2mM p-hydroxymercuribenzoate (Sigma) and the stool
suspension in 100 ml final volume added to the microtiter well. The microtiter plates will
be incubated with the stool suspension overnight at 40 C or for 1-2 hours at room
temperature. The plates will then be washed 3 times with PBS-Tween and incubated 1-2
hours at room temperature with a 1:1500 dilution of a 4 mg/ml solution of peroxidase-
conjugated anti-lectin monoclonal antibodies 7F4 and 8C12 (directed against E. histolytica-
specific epitopes 3 arid 4 respectively of the lectin 170 kDa subunit). The wells will be
washed 3 times in PBS-Tween, followed by addition of substrate. Absorbance at 445 nm of
the microtiter wells will be measured with an ELISA plate reader (Titertek Multiskan,
Flow Laboratories, VA) after10 - 45 min of development.

This assay has been applied to single stool specimens from over a thousand patients
with diarrhea or dysentery in Dhaka, Bangladesh (Haque et al 1993, 1994, 1995, 1997a).
Compared to culture plus zymodeme analysis, differentiation of E. dispar from E.
histolytica using this antigen capture assay was 95% sensitive and 93% specific. This E.
histolytica-specific stool antigen capture assay has been approved by the FDA for use in
humans.

Stool Antigen Detection ELISA for the E. histolyticalE. dispar_Complex

In order to detect the E. histolytica/E. dispar complex in stool samples the ELISA uses the
same polyclonal antisera to capture the lectin, but is modified at the detection stage by use
of a cocktail of mAb 3F4 and 8A3 (which bind to the lectins of both E. histolytica and E.
dispar ). The assay is otherwise the same as the E. histolytica -specific assay. This E.
histolytica/E. dispar complex stool antigen capture assay has been approved by the FDA for
use in humans.
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PCR Detection of E. histolytica and E. dispar in stool.

The PCR test that we have developed is a sensitive and specific means to identify E.
histolytica and E. dispar in stool specimens. The main drawback of the test is that it is
labor-intensive. For that reason we will reserve use of the PCR test to the subset of
samples that are positive for E. histolytica and/or E. dispar infection by some other
technique (microscopy, antigen detection or culture). A number of samples that are
negative for E. histolytica and E: dispar (by microscopy, antigen detection and culture) will
also be tested by PCR to confirm the specificity of the PCR reaction and to ensure that the
screening tests are not missing infections. Our initial experience with this PCR test has
been quite positive: the correlation of antigen detection with PCR for identification of E.
histolytica in stool was 93% (45/48). PCR and isoenzyme identification of E. histolytica in
cultures agreed in 96% (51/53) of samples (Haque et al 1997).

Extraction of DNA from stool samples. 0.2 g of stool sample will be diluted with PBS to 1.5
ml in microcentrifuge tubes, and 33.3 ul of 1 M KOH and 9.3 ul of 1 M dithiothreitol added.
The samples will be mixed thoroughly by stirring with a pipette tip, followed by brief
shaking. After incubation at 65° C for 15 min, the samples will be neutralized with 4.3 ul
of 25% HCl, buffered with 80 pul of 2M Tris-HCl (pH 8.3) and the suspension mixed again.
The DNA will be extracted by shaking with 250 ul of phenol:chloroform:isoamyl alcohol
(PCI, 25:24:1) saturated with 10 mM Tris (pH 8.0} and 1 mM EDTA. The phases will be
separated by a 4-min spin in a microcentrifuge. The aqueous phase will be transferred to a
new tube and the DNA further purified by adsorption to 5 ul of glassmax matrix
suspension (Gibco-BRL). The DNA will be eluted in 39 ul of deionized water.

PCR Method. Primer construction is based on sequences from the small subunit
ribosomal RNA gene of E. histolytica and E. dispar. The PCR reaction products are
digested with restriction enzymes to arrive at the specific identification of E. histolytica and
E. dispar. In our hands we have found this technique to be 87% sensitive and 96% specific
for identifying E. histolytica in stool (Haque et al 1997). For the first PCR, the primer pair
E-1 (TTT GTA TTA GTA CAA A) and E-2 (GTA (A,G)TA TIG ATA TAC T), which
amplify a 0.9 kB fragment of the rRNA gene will be used. The primer pair E-1 and E-2 is
complementary to both E. histolytica and E. dispar sequences, with the E-2 primer
constructed two-fold degenerately, i.e., as a mixture with half corresponding to the E.
histolytica sequence and the other half corresponding to the E. dispar sequence. The first
PCR amplification with E-1 and E-2 will be followed by two additional PCRs, each of which
is specific for either the E. histolytica or the E. dispar sequence. The primers used for these
reactions are located downstream of E-1 and E-2, making this a nested PCR. For the second
(nested) PCR, two different primer pairs specific for E. histolytica (EH-1 AAT GGC CAA
TTC ATT CAA TG and EH-2: TTT AGA AAC AAT GCT TCT CT) or E. dispar (ED-1: AGT
GGC CAA TTT ATG TAA GT and ED-2: TTT AGA AAC AAT GTT TCT TC) will be used.
Both of the PCRs will be done using a hot start technique. In the first PCR, 18.4 ul of the
DNA extracts are denatured at 96° C for 2 min after the addition of 0.6 ul each of 40 yM
solutions of the primers (E-1 and E-2) & one drop of mineral oil. After cooling to 80° C, 5.4

'l of freshly prepared "mastermix" [ 2.5 ul of 10X PCR buffer (Gibco BRL, cat no. 18038), 2

pl of 50 mM MgCly, 0.64 ul of dNTP mix (10 mM each; Perkin Elmer, USA), & 0.25 ul (5
L.U./pl) of Tag polymerase (Gibco BRL)] will be added. Fifty cycles will be performed with
denaturation at 92° C for 60 sec, annealing at 43° C for 60 sec, and extension at 72° C for 90
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sec. In the second (nested) PCR, 3 p! of the first PCR product will be taken in 26 ul of water
and denatured at 96° C for 2 min after addition of 1 ul each of 40 uM solutions of the
primers (EH-1 and EH-2 for E. histolytica, ED-1 and ED-2 for E. dispar) and two drops of
mineral oil. After cooling to 80°C, 8.6 ul of freshly prepared "mastermix” ( 10X PCR
buffer, 3.2 ul of 50 mM MgCly, 1 pl of ANTP mix and 0.4 ul of Taq polymerase)} will be
added and the PCR performed as above except that the annealing temperature will be 62°
C. PCR amplifications will be performed using a Bio-Rad gene-cycler. Products will be
visualized on a 1.3% agarose gel containing 0.2 pg/ml of ethidium bromide (Sigma).
Bands excised from the agarose gel will be silica gel-purified as described above, eluted in
9.6 ul of buffer, and digested with 0.8 ul (10 U/pl) of Dra I (Gibco BRL) for 60 min at 37° C,
followed by the addition of 0.4 ul (10 U/ ul) of Sau 96 I (Amersham) and further incubation
at the same temperature for another 90 min.

[DENTIFICATION OF OTHER ENTEROPATHOGENS IN STOOL

Our initial studies demonstrated that Shigella dysenteriae infection is more common in
children with E. histolytica and E. dispar infection (Haque et al 1997). This is a potentially
important observation as both shigellosis and amebiasis can cause dysentery but the
treatment is completely different. It is also an interesting observation, as Shigells can
survive within E. histolytica trophozoites (Verdon et al 1992) raising the possibility that E.
histolytica/E. dispar could be a vector for S. dysenterize. We will attempt to confirm this
observation, as well as re-examine the presence of other enteropathogens.

Bacterial causes of diarrhea that will specifically be excluded include Salmonella spp,
Shigella spp, Campylobacter spp, Aeromonas spp, Plesiomonas spp, C. difficile, B. fragilis,
andVibrio spp all by standard methodology of the ICDDR,B lab (Albert et al 1993 & 1995;
Unicomb et al 1996). E. coli strains will be picked from MacConkey agar and stored
separately in vials containing trypticase soy broth with 15% glycerol at -20°C. These E. coli
colonies will be later probed for diarrheagenic properties (including Shiga-like toxin) with
specific DNA probes by standard ICDDR,B methodology (Faruque et al 1992). Parasites to be
excluded will include Giardia, Strongyloides, Cryptosporidia, and Isospora (Baxby &
Blundell 1983). MIF concentration method will be used for the cysts of Giardia and other
gut protozoa, Bearmann method for Strongyloides and modified Ziehl-Neelsen stain for
Cryptosporidium, Cyclospora, and Isospora will be used. In addition to this, an ELISA for
detection of Cryptosporidium and Giardia stool antigen will also be used. Rotavirus,
adenovirus and astrovirus will be determined by ICDDR,B methods (Moe et al 1991;
Jarecki-Khan et al 1993). ' :

B
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E. HUMAN SUBJECTS

The subject population involved in the study of intestinal colonization by E
histolytica is the inhabitants of the urban slum Mirpur in Dhaka, Bangladesh. The criteria
for inclusion into the study are residence in Mirpur and age of 2-5 years. The consent
forms for enrollment and blood drawing have been approved by the Human Investigation
Committee of the University of Virginia, and will be reviewed and approved by the
ICDDR,B IRB and translated prior to use in Bangladesh. Since much of the study
population is illiterate, the consent form will be read to them. Enrollment will be done by
Dr. Haque in conjunction with the visiting nurses and field research assistants. Informed
consent will be obtained from the children and their guardians prior to entry into the
study and prior to any intervention (institution of treatment for diarrhea, for example).
Each child will have stool and blood samples taken during the study. It is not anticipated
that the study will pose any adverse risks to the study population (besides the minimal
risks of hematoma or vasovagal reaction which can be managed at the site by the co-
investigators or visiting nurses). Data sheets will be handled confidentially and the
reporting of data from this study will not lead to the identification of the individuals
involved. :

Children in the prospective study identified as being infected with E. histolytica will

-be followed closely. A field office will be set up in the community where a physician will -

work 6 days a week. Parents will be instructed to contact the field office when their
children have diarrhea or are otherwise ill. Field workers will also visit each household
on alternate days. Upon detection of any diarrheal, gastrointestinal, or other illness the
child will be brought to the project field office where a history and physical exam will be

-performed and a stool sample taken for detection of enteropathogens. Anti-amebic

treatment will be instituted if invasive amebiasis occurs. Studies by Jackson and colleagues
from South Africa have estimated the risk of E. histolytica -colonized individuals
developing invasive amebiasis to be 10-14% for one year of follow-up. Participants in the
prospective study will not be paid; however medical treatment for fever, diarrhea and
other illness will be provided at no cost for all the family members of the study
participants. Transportation to the ICDDR,B hospital and clinics will also be provided free
of charge. It is anticipated that the successful completion of this study will provide a basis
for rational vaccine design against this disease, so we believe that the potential benefits of
this study outweigh its risks.

F. VERTEBRATE ANIMALS r

None
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Séptember 24, :1997
Dr. William A.- Petri, Jr., M.D., Ph.D
Professor of ‘Medicine , Pathology, and
Microbiology .
Department of Medicine
_ Room 2115° MR4 .Bldg -«
} - - Univewsity of Virginia :
- " Charlottesville, 'Virginia 22908
4" USB' ‘ T N Do
P .
! Fax: -804...924 0075 ;
-Déér:brf7ﬁe;fi;- ‘ -
Tﬁis_letter is' to confirm my readiness and enthusiasm for our
contilnued collaboration on Entamoeba histolytica. The grant
application that you and I submitting to the NIH for funding is
of  great importance in the field of amebiasis and cur Centre has
givenghigh priority of research in this field. The work that we
) _ are now prnpqsing: Will give us an opportunity to determine it
.thgre.is qutec;ive immunity to E. histolytica infection, and it
| - immunity exists, whether it protects against both colonization

i . and invasion. I am very excited to do the work that we have
' .:prdposed~fn=theAgtantﬁ' '

I sincerely -hope that our collaboration in the field of amebiasis
" ¥Will bring more fruitful results in the future as in the past.

Your interest .in -the Centre, and specifically in our work on
.amebiasis is.moSt.appreciateﬁ.

.jwith:bestﬁﬁishes[aﬁd;régardé,
Yours - sincerely,
CMoidal g
© Dri'Rashidil. Hagus, M.B., Ph.D. 3
“Head, ‘Parasitology-Laboratary’ _ o ' -
Laboratory Sciences Division ' _ E ' '
r ICDDR, B I Y e e |

.53

e e i ——— i e A B AT )T S



[ 9/38/1997 ©8:45 4196149483 vTU

* JOHNS HOPKINS

b}

. . PaGE 81
Petri, William Arthur Jr.

Schoo! of Hygiens and Public Health

Bapartment of Intarnational Health
550 N. Broadway, Sulte 1001
Baltimore, MD 21205
410-055-0053 / FAX 410-614-3483
Internet: daack@phnet.sph.jhu.edy

Vaecina Testing Unit

september 29, 1997 FAX 804-924-0075

Dr. William A. Petri

Department of Medicine

University of Virginia

MR4 Room 2115 .
HSC :

Charlottesville, VA 22908

Dear Blll:

I have reviewed your Grant proposal involving immunological
responses to, and protection against, infection and disease
caused by E. nistolytica, and enthusiastically support the

a project. I will be pleased to be a consultant on this project,
A\l primarily in the area of epidemiology.

; ZfTT)\s you know I have previously spent several years working in
Dhaka, Bangladesh; during this time I have nad the privilege of
working with Dr. Rashidul Haque, and I am familiar with the area
in which the study will be performed.

Please let me know if there is anything else you need at
this time.

with best regards,
sincerely,

Bt S

R. Bradley Sack, M.D., Sc.D.
professor of International Health
and Medicine

)
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) Hospiial Epidemiology
| University i Virginia .
THEALTI] SYSTEM
1{ November 4, 1997 -
' William Petri, MD, PhD
Infectious Disease
' Bux 385
Dear Bill: |
[ am writing to indicate my support for your grant application to study the
relationship between immunity and subscquent infection with Entamoeba histulytica. 1
will be available 1o assist with epidemiologic and statistical analysis during the study.
)j Yours sincerely,
}

o
Barry M. Farr, MDD, MS¢
Ilospital Epidemiologist
The Witliam S. Jordan Jr. Professor of
Médicine and Epidemiology

“m—

UVa Health Systemn, # 474, Charlellesville, Vinginia 32908
Tetaphime:  (8U4) R24-2717
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CRITIGUE 1 ”

SIGNIFICANCE: Entameba histolytica is a major health risk in many

tropical countries such as Bangladesh. This proposal seeks to determine
T

5
ung children.

his area of the

org that determine the course of infection in
he enormity of the problem of the infection in
e studies are highly relevant.

of o
=

——

I INNOVATIVENESS: The proposal is not particularly innovative in that it
is a straightforward field study, driven by two reasonable, but not

i particularly innovative, hypotheses. Thus, it appears not unreasonable

to propose that previous infection can give rise to protective impunity.

The innovative aspect of this study. however, is the choice of the

N

research material, namely, young children in the field, where incidence
of amebiasis is high. Similarly, given the rather extensive work and
the importance of the lectin as a virulence molecuie in the organisi,
the possibility that antibodies against this entity wiki be found in the
course of infection and may be associated with clearance, i a
reasonable hvpothesis. Overall , despite the lack of inmovation
however, this proposal is based on solid hypotheses.

D APPROACH: This is a straightforward field approach where children will
3 be followed by standard serological analyses for the existence of
K infection. The detection of infection by stool examination, as well as

serui antibodies, is well founded. Thus, serum antibodies to E.
histolytica have been demonstrated in greater than B0X of patients with
amebic infection localized to the large intestine and 90-98% of patients
with invasive disease, including amebic liver abscess. Furthermore,
thege antibodies persist for several years after infection, confirming
the prior experience of infectious disease. Demographic studies in
Bangladesh by the investigator's colleagues have clearly demonstrated
that the incidence of amebiasis is guite high in this region, and that
young children are particularly prone to get infected. The focus on the
adherence lectin is also well justified by extensive data in the

*} literature that suggest that the presence of invasive disease is

E associated with significant levels of antibodies against this lectin.
These data are demonstrated on page 20
that patients with amebic liver absces

, where it can be clearly seen

3 almost universally have
antibodies against the GalNAc. The investigators also have developed
and deploved a rapid simple antigen-detection ELIZA based on the
antigenic differences in the lecting of the non-invasive E. dispar and
E. histolytica.

.

The current proposal is relative straighttorward., The investigator will
identify 125 chiidreﬁ who are seropositive for amebiasis indicating past
infection and 125 children, in the age group 2 to 5, who are currently
not infected and have not been intected in the past, as demonstrated by
the lack of antibodies against E. histolytica. Both cohorts will be
followed prospectively by antibody analysis in serum and saliva every
four months for titers of antibodies against total ameba antigens and




against the lectin. Stools will be analyzed every month for the
presence of E. higtolytica cysts and trophozoites. in the event that
there are episodes of 1llness vetween these monthly examinations, the
children will be examined for the possibility of intection. By using
this relatively large cohort, the investigators have insured themselves
of statistical power. They can follow whether or not there is a *
difference in the incidence of E. histolytica infection among the
gero-positive and sero-negative individuals. The prospective study for
the importance of antilectin antibody in the course of E. histolytica
infection will also be relatively straightforward and wiil identitfy all
children who become positive for E. histolytica during the course of the
study. Monthly tests will be performed to look at their parasite
burden, as well as the titer of antilectin antibody in both serum and iu
aaliva. Correlations will be attempted between the clearance of
infection and & rise in the antibodies against a specific domain of the
GalNAc lectin.

———

INVESTIGATOR: Dr. William Petri has a long history of productivity and

meaningful contribution to our understanding of £. histolytica biology

and infection. The collaborators that he has recruited for the

pertormance of this field study are optimal, since Dr. Rashidul Haque,

who is based in Bangladesh at the International Center tfor Diavrhoeal
Disease Research, has in fact, also a considerable reputation as an
important epidemiological researcher in diarrhoeal disease, particulariy
anebiasis.

u Gverall Evaluation: In summary, this is a proposal to perform field
studies on the incidence of E. histolytica infection over a three year
prospective period, using cohorts of children, aged two to five yeais,
in Bangladesh. The hypothesis underlying this proposal is reasonable.
The proposal is clearly written, well thought out and given the previous
track record of the investigator, as well as of his collaborators, very
likely that it will be performed suitably, even in the somewhat exacting
field conditions in Bangladesh. Support is recommended with high
enthusiasm in the excellent range,

)
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Significance: The study will provide information relevant to our
understanding of the immune response that develops to natural infections
with E. histolytica. The PI convincingly argues that this information
will be useful in considering how to proceed with the development of a
vaccine against amebiasis.

Approach: There are two specific aims in this proposal which address two
hvpotheses. The first aim directly addresses whether immunity is
acquired during infection by studying two cohorts of children in
Bangladesh. One group that has evidence of a previous infectiom, and
the other with no evidence of previous infection, will be followed for 3
vears to identify infections with E. histolytica {as well as E. dispar
and other enteropathogens}. There are several aspects of this study
that suggest that it has a good chance of success. First of all, for

‘these studies to be successful patients will need to be characterized as

to their past and present exposure (infection) to E. histolytica. The
Pl has provided critical data that he and his colleagues can distinguish
between unexposed and exposed individuals based upon antibody responses
to a cgalactose-specific adherence lectin from E. histolytica, which are
present during, and for a substantial periocd of time after, infection.
Furthernore, the PI shows data dewonstrating a sensitive and rapid te

tor diagnosing E. histolytica infection which is critical for these
studies. Secondly, these studies will be done with a population
exhibiting a high incidence of infection (20%). The site in an urban
area of Dhaka, Bandladesh is reported to contain a relatively stable
population which increases the chance of success for this project.
Finally, and most importantly, the proposal involves a collaboratiom
between Dr. Petri and Dr. Bague who already have an ongoing, and
successful collaboration {evidenced by 3 peer-reviewed publications on
amebiasis in Bangladesh). Dr. Hague is a 3cientist at the Internatiomal
Centre for Diarrhoeal Disease Research in Dhaka, a facility that is
close to the field site to be used for these studies,

The second aim will address the hypothesis that immunity will be -
associated with antibodies to E. histolytica lectins. Dr. Petri has
been the leader in the field identifying and characterizing galactose
binding lecting in Entamoeba. -Preliminary data is presented that: 1)

Timmunization with the carbohvdrate binding domain, as well as passive

jalR

transfer of antibodies to the carbohydrate binding domain, can protect
gerbils from disease {Table 3):; 2) that there is a correlation between
clearance of E. histolytica and increased levels of antibodies to the
carbohvdrate binding domain (Figs+10,11,12). 1In-this aim, Dr. Petri and
coileagues will characterize the antibody responses of children with
asviptomatic, noninvasive E. histolytica infection. The prediction is
sociated with the
development of antibodies to epitopes of the carbohydr
that inhibit adherence. This is a reasonable hypothesi
it

easily tested with the patients that they wiil identi

OC
ate binding domain
ig, and should be
v as part of aim

[y
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Innovation: The ability of the PI to distinguish E. histolytica and E.
dispar infections is an impyptant and novel aspect to this study. As
pointed out by the PI, there ig little known about the development of
natural resistance to E. higtplytica following a primary infection, and
these investigators have the tools and patient population to examine
this issue.

Investigators: A major strength of this application is the
long-standing collaboration petween Drs. Hague and Petri, as well as the
expertise of each of these investigators in amebiasis.

Envitenment: The environment for studies in Dhaka appears to be )
adeguate for these studies. The success of previous and ongoing studies
by Dr. Haque some of which are published, suggests that this environment
ig suitable. -

Overall evaluation: This new application presents a well-designed and
straightrorward approach to a addressing important guestions concerning
the development of immunity to amebiasis, Because of the strong ongoing
collaboration between Dr. Haque and Petri their project has a high
probability of success, and that success will mean a better
unnderstanding of human amebiasis,



(Lt \ ﬂew‘ew -=

CRITIGUE 3 .

Signiticance: Amebiasis is a common woridwide parasitic infection,

responsible annually for 50 miilion cases of &meblb colitis and liver

abscess and approximately 100,000 deaths. The major hypotheses of the

study are that immunity to E. histolytica is acquired from previous

infection and that clearance of asymptomatic infection by E. histolytica

iz associated with production of adherence- inhibitory antibodies against

the carbohydrate-binding domain of the Gal/GalNAc adherence lectin.

Successful completion of the proposed gtudies should provide a

. foundation for understanding the mechanisms of protective immunity to

. amchbiasis, and provide a baseline for evaluating the efficacy of
vaccines to be used in clinical trials.

—

Approach: The conceptual framework and design are appropriate to the
aims of the project. The proposed study will-be conducted in Dhaka,
Bangladesh, a very high incidence region for amebiasis. A number of
guestions about the design and analyses need to be addressed. What is
the time frame for development of amebiasis after infection with E.
histolytica in 2-5 year olds? Will there be sufficient time to show a
difference between children with and those without ptior infection? Is
the 10-14% development of invasive amebiasis after 1 year of infection

y that was observed in the South African study appropriate {or the age
group in the current study?

Children in the current study will be visited every other day by health
care workers. Pilot studies have demonstrated the willingness of
families to undergo every other day interviews and to adhere to the
study protocol. The stability of the population is also an asset.
Details about the selection of study subjects are not provided. How will
children be ascertained? That is, how will the prospective members of
the twe cohorts be identified and selected? What is the age
digtribution and numbers of inhabitants 2-5 years of age in Mirpur?

Serum and saliva will be collected every 4 months in all individuals,
and every month in E. histolyica infected persons. Why are different
approaches being used? What is the probability that a member\of the

uninfected cohort may become infected during the study period? l

\".“.J

Although there appears to be sufficient power for aim 1, few details
about the statistical analyses are provided. The collaborating
statigtician/ epidemiologist is named but without details aboutlthe
statistical analvses, For Specific Aim 2, children with asymptomatic,
noninvasive, E. histolytica infection (defined in Aim 1) will bei
prospectively followed from the onset of infection to its clearance.
The predicted outcome is that clearance of infection will be associated
with the development of an adherence-inhibitory antibody 1Ebpuh58¥
against the carbohydrate-binding domain of the lectin. How will tye
agsociation be evaluated? Few details about the statistical assessment
are provided.

|
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Innovation: The study uses a unique and stable population. The project
lays the groundwork for development of new technologies such as
providing data to evaluate the efficacy of vaccines.

Investigator: The investigators are appropriately trained and well
suited to carry out this work. The investigators have the appropriate
expertise in the required areas for this study. The propesed work is
appropriate to the experience levels of the investigators.

Environment: The proposed study takes advantage of a unigue and highly
compliant population. It also employs useful collaborative arrangements
between the University of Virginia and the International Centre for
Diarrheal Disease Research, Bangladesh., The institutional support for
the project should help in the conduct of the study.

Overall Evaluation: The proposal describes previous work that has been
completed to set the stage for the current study. In general, it is
well-written. The proposal addresses an important guestion regarding

E. histolytica infection, its relationship to immunity, clearance, and
re-infection. Buccessful completion of the study should provide much
needed information for understanding protective immunity to amebiasis
and for evaluating vaccines. The approach uses a unigue and stable
study population. Additional details are requirved to fully evaluate how
successful the design and analyses will be to answer the specific aims,
In particular, more details about the statistical analyses and
agcertaimment of the study subjects is needed. The investigators appear
very well gualified to carry out this project. The successful
collaborative relationship between the investigator and the
International Cenire for Diarrvheal Disease Research, Bangladesh is an
asset to the study. .

Human Subjects: No exemptionz. The riszks to subjects are reasonable in
relation to the anticipated benefits to the subjects and in relation to
the importance of the knowledge that may be expected to result from this
research.

Budget: The budget appears adeguate and appropriate.




