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a. Specific Aims

We have recently initiated studies on the safety and immunogenicity of a  live oral attenuated Vibrio cholerae O1 cholera vaccine, Peru 15, at the International Centre for Diarrhoeal Disease Research in Bangladesh (ICDDR,B).   This study gives us the unique opportunity to assess the immune responses of Bangladeshi adults and children not only to antigens such as the lipopolysaccharide (LPS) and  cholera toxin B subunit (CtxB) but also to additional key colonization and virulence factor s, such as the colonization antigen, TcpA. In the double-blind placebo controlled study of Peru 15 in Bangladesh, our  preliminary results suggest that the vaccine is immunogenic as assessed by measurement of vibriocidal antibodies in adults whom have completed the study based on results so far, a responder frequency around 80%  has been obtained (preliminary results of study that has been unblinded). This is extremely encouraging because live cholera vaccines in adults in endemic areas may not be immunogenic since previous  immunity  from natural exposure may limit replication of the vaccine strain and blunt the responses. At the beginning of the study, we had only expected immune responses in the relatively more naïve subjects such as the children.

An effective and  protective cholera vaccine would likely need to mimic immune responses as close to natural disease as possible, although the magnitude of responses might be lower in vaccinees. In the ongoing study of Peru 15, we are already collecting and storing samples of blood, stool and lymphocyte secretions at key time points from individuals in the study, so that in this proposed study,  we will be able to use samples already obtained, and not need to obtain additional samples.  This will allow us to evaluate additional key responses, both systemic and mucosal, including to the key colonization factor, TcpA.  Comparison of the immune responses generated in the vaccine recipients to those generated after natural cholera infection in the different age groups will allow us to assess how good the vaccine may be for protection from cholera in Bangaladesh. We will be moving from adults who are primed with cholera to infants down to 9 months of age who may be expected to be naïve in their immune responses, so that we  will have a  better chance of  predicting the suitability of this vaccine in large field studies of protective efficacy planned for the future. We would like a vaccine that could be given to infants with the EPI programme at 9 months of age and  protect them before the most susceptible age of infection at 1-4 years of age. The ongoing study of Peru 15, however, is limited in its objective to study of the vibriocidal antibody responses for funding reasons, and under the existing project, we have not been able to study mucosal immune response even though specimens for these assays are available. There are three SPECIFIC AIMS in the present proposal. In Specific Aim #1, we will determine systemic immune responses of  the vaccinees to purified El Tor TcpA, the 20 kDa polypeptide that is the major structural subunit of a key colonization factor. Responses will be determined prior to and 7 and 21 days after immunization  For this purpose, we will utilize samples from both vaccine and placebo recipients that have already been collected from the study subjects in the clinical trial. In Specific Aim #2, we will determine mucosal immune responses to LPS, CtxB, and TcpA, using lymphocyte supernatants from samples already collected and stored at -70 oC  in the presence of protease inhibitors from both from both vaccines and placebo recipients. Use of the ALS assay on stored lymphocyte supernatants has already been successfully used by us for the study of immune response in cholera patients, and results show very good correlation with antibody secreting cell responses, a good indirect marker of the mucosal immune response of the gut. The  ALS response also has the capacity to differentiate “recent” from “remote” infection, an important element of studying immune responses to cholera in an endemic country. In Specific Aim #3, we will compare the immune responses in vaccinees with those seen following natural V. cholerae O1 infection. For natural cholera infection, we are already collecting and storing the relvant specimens on presentation and at day 7 and 21 post onset of infection. Such a comparison will help gauge the  potential of the live oral vaccine candidate Peru 15 to elicit immune responses that are comparable to natural infection. There are additional antigens that are emerging as a result of work ongoing in our ICIDR project, which may play a role in protective immunity to cholera. One example of these is another tyoe IV pilus, PilA, which was identified as expressed and immunogenic in human infection using an in vivo-induced antigen technology (IVIAT) approach (Hang 2003). Preliminary results in cholera patients show that PilA is recognized by convalescent sera of patients but not by sera of healthy subjects. We can incorporate immune assays to this protein into the studies as soon as a source of purified protein is available.

b. Background and significance 

1. Cholera incidence and vaccines available.  Acute diarrhoeal illnesses are a major health problem in developing countries and V. cholerae is the  major bacterial pathogen contributing to the disease burden.  On average, approximately 20% of  hospitalized children up to 5 years of age seeking care at the diarrhoeal hospital at ICDDR,B  are ill annually with V. cholerae infection.  International agencies, including the WHO, have attached a high priority to the control and prevention of cholera through vaccination since it appears to be the most appropriate short term strategy for the prevention of the disease in Asia, Africa as well as Latin American countries where it has spread.  However, although much sought for almost a hundred years, since the identification of V. cholerae O1 as a causative agent of cholera, an effective and protective vaccine suitable for all age groups is still not available. The emergence of V. cholerae serogroup O139 as a cause of  severe dehydrating illness and outbreaks has further complicated the development of a cholera vaccine.  

The best strategy for prevention and control of cholera is believed to be a  safe and immunogenic vaccine that is  protective in children. Efforts have been directed over the last 30 years to produce an oral cholera vaccine that gives rise to protection against cholera by stimulating the mucosal immune response of the gut. 

Based on this requirement, two oral vaccines have been tested in large field trials in developing countries. The multiple dose oral inactivated whole cell cholera vaccine, containing the  recombinant B subunit of cholera toxin (WCO1-BS), has been extensively field tested in both adults and children and is also licensed in some countries (Clemens 1986; Concha; 1995; Legros 1999). The protective efficacy of the vaccine has been demonstrated in adults in Bangladesh, but less so in children (Clemens 1986) for whom protection is needed the most. The reason for lower protection in children is not yet clear but may include generation of inadequate mucosal responses to key protective antigens such as TcpA, and host factors such as micronutrient deficiency and malnutrition.   

The live attenuated vaccine, CVD 103-HgR was derived in the USA from a classical V. cholerae O1 strain, and requires a single dose for protection in North American volunteers (Levine 1988). Unfortunately, similar results were not obtained in primed  Indonesian volunteers (Richie 2000). Thus, there is a great urgency for the development of an effective cholera vaccine that will be applicable for use in the field in developing countries to protect against El Tor cholera, the strain now causing epidemics in the world. A vaccine that can elicit strong protective immunity in both children and adults in cholera endemic countries is needed.  One such candidate is Peru 15, a single dose oral vaccine derived from an El Tor V. cholerae O1 strain, that is non motile, has a  recA deletion and does not contain intact cholera holotoxin but does produces the immunogenic B subunit of cholera toxin (Kenner 1995).  Peru15 has been found to be safe and immunogenic in North American volunteers (Sack 1997) and also protective against O1 El Tor cholera in challenge studies (Cohen 2002). Since the vaccine is immunogenic in naïve North American volunteers, it is expected that it may also be protective in children who have not been primed previously with V. cholerae O1, a problem encountered with the killed cholera vaccine that was found to be less suitable for children in Bangladesh (Clemens 1986). However, studies to test the suitability of Peru15 as a  vaccine have only recently been initiated in Bangladesh, and the vaccine is being tested in decreasing age groups from adults down to  children and then infants. In a GCP monitored double blinded randomized placebo controlled Phase I (inpatient design) and Phase II (outpatient design) trail, volunteers are being given 2x108 CFU of the lyophilized vaccine (made by Avant Immunotherapeutics, Boston, Massachusetts) and its safety and immunogenicity are being evaluated. Neither vaccine or placebo recipients have given rise to any major adverse events in either adults or children (unblinded study) so far, and in both the inpatient and outpatient settings. Abdominal cramps, vomiting, or headache were observed very rarely and symptoms reported were only mild. No cases of diarrhoea were reported.  The immunological results appear encouraging so far, with about 80% of the vaccine recipients responding with four fold or higher responses in vibriocidal antibodies. The immune responses in the 2-5 year old children also appear promising and will be unblended in the next couple of months. The data is therefore very encouraging for future studies of Peru 15 in this cholera endemic population and studies in infants will help assess its suitability better (Qadri et al. ongoing studies). However, we need to understand the immunological outcome of vaccination in the different age groups, particularly to understand the mucosal immune responses. It will be important to evaluate if immune responses are generated to TcpA and other important  antigens that are expressed in vivo.
c. Preliminary studies

1. Protective immune responses to cholera. Protective immune responses in patients with natural cholera infection are being extensively studied in our laboratories in a collaborative five year project between ICDDR,B and Massachusetts General Hospital (PI, Stephen B. Calderwood, UO1 HD39165). By the end of 2004, approximately 500 patients with cholera due to V. cholerae O1 or O139, and about 2000 of their household contacts, will have been entered in this prospective cohort study, and samples collected and stored. This study aims to achieve a better understanding of the immune factors that provide protection from cholera in exposed household contacts; both mucosal and systemic immune responses are being assessed. The data obtained from the first 125 patients and 326 household contacts have recently been presented (Saha et al; manuscript in press in the Journal of Infectious Diseases). This analysis suggests that the vibriocidal antibody titer in exposed household members correlates only partially with protection from V. cholerae infection in the contact, suggesting that  vibriocidal antibodies in serum may be a surrgoate marker of the actual protective immune response or responses following natural cholera.  We are therefore examining  mucosal immune responses to other antigens, such as to TcpA, PilA, and others, to better predict protection from infection. 

2. Mucosal markers of immune responses generated in the host. We have observed that patients with cholera respond with mucosal and systemic antibodies that are both antibacterial (LPS specific) and antitoxic (CtxB specific) in nature. In addition, patients respond with antibodies to a type IV pilus antigen, the mannose sensitive hemagglutinin. This is a thin pilus composed of a 17 kDa subunit, MshA (Jonson  1991). In our studies with cholera patients, we find that over 70% respond with IgA and/or IgG antibodies to MshA in both systemic and mucosal secretions, as well as in markers of mucosal immunity, such as the antibody secreting cell assay and the antibody in lymphocyte supernatant assay (Qadri 1997; 2003).  However, MshA is not needed for colonization of animal models, whereas  mutation of tcpA resulted in a dramatic reduction in the ability of both V. cholerae  O1 or O139 to colonize the infant mouse (Thelin 1996). MshA does appear to have a role in survival of V. cholerae O1 in the environment.  Bacteria do not use TcpA to form biofilms, but rather use MshA (Watnick 1999). Thus, although perhaps not important for human pathogenesis, MshA antigen may have a role in survival of V. cholerae in the environment. 

Recently, we have focused our attention on the study of immune responses to TcpA in patients with El Tor cholera in Bangladesh. Studies at the Massachusetts General Hospital using IVIAT suggested that TcpA is expressed during human infection and immunogenic (Hang 2003). We have now used  recombinant, highly purified El Tor TcpA, provided to us via a collaboration with Ron Taylor, and shown that both mucosal and systemic immune responses are generated to TcpA after infection with either V. cholerae O1 and O139 (Asaduzzaman 2003, presented at the 12th ICTDR meeting). TcpA-specific antibodies were generated in the sera of all patients infected with V. cholerae O1 Inaba (n=30), O1 Ogawa (n=30) and O139 (n=52). Specific antibody secreting cells (ASCs) were also present in high numbers at 7 days after onset of infection (Figure 1). 
All patients also had mucosal immune responses to TcpA using the ALS assay as well. We detected specific immune responses to TcpA in both sera and stool extracts using Western blots as well (Figure 2). Thus TcpA is not only a crucial colonization factor for cholera, but also a mucosal immunogen. It is therefore essential to study the response to TcpA in vaccines and compare this to that following natural infection.

As a result of the ongoing ICIDR study in  cholera patients, we have in our specimen bank, sera, stool extract and frozen ALS samples that we can use to compare immune responses in patients with cholera to those in vaccinees receiving Peru15, including responses to TcpA and other antigens that become available to us as part of the ongoing ICIDR collaborative studies. 

3. Study of in vivo  expressed genes and novel antigens in stools obtained from cholera patients.  The genetic basis of host-pathogen interaction is being actively studied in the collaborating laboratories (Merrell  2002; Hang 2003). Most studies characterizing virulence antigens of V. cholerae have been carried out using in vitro grown bacteria. However, we are utilizing techniques that will help identify crucial antigens that may be produced during infection either using animal models or by analyzing bacteria directly in human specimens, such as stool and other body fluids. Using these studies, we hope to identify genes and proteins that are expressed and immunogenic during human infection. The animal models are used to mimic the conditions in the human host (Camilli 1994).  However, since humans are the only known natural host for cholera, it is optimal to study conditions as close to the human system as possible. The IVIAT approach allows such study, where the animal model is bypassed,  and  proteins expressed by V. cholerae during human infection but not during in vitro growth, can be identified. The Calderwood laboratory with collaborations with investigators at ICDDR,B probed a genomic library of El Tor V. cholerae O1 with sera from cholera patients that had been extensively absorbed against in vitro grown organisms. They identified 38 clones in this approach, including those encoding TcpA, PilA, and other proteins involved in pilus assembly, chemotaxis, motility, quorum sensing and other key roles. In a collaboration between the ICDDR,B, MGH, investigators at the Tufts Medical School,  and investigators at Stanford University, we  were able to demonstrate  that bacteria isolated freshly from cholera stools were hyper-infectious in the infant mice model (Merrell 2002). Gene microarray on these organsims identified increased expression of several key genes including those involved in chemotaxis.  A collaboration between the ICDDR, MGH, and Harvard Medical School used microarray techniques to show that V. cholerae in stools express a number of  genes more highly than under  in vitro conditions (Bina 2003). All these studies suggest that V. cholerae express a specific repertoire of genes during human infection, and determinatio of this gene profile and immune responses to these proteins, may help us better understand the nature of protective immunity to cholera, both in natural infection and following vaccination. We hope by carrying out immune studies to TcpA, followed by other antigens that become available such as PilA, we will be able to understand better the natural immune response and target those responses that should be seen after vaccination. 

d. Research design and methods

1. Specimens. We have a large specimen bank with a computerized specimen retrieval system for samples collected from vaccine and placebo recipients (in the Peru 15 cholera vaccine study; PI. Qadri DOMI/IVI funding) (IRB approval in Appendix 1-2) as well as the study of the immune response in cholera patients and their healthy contacts (PI Calderwood; collaborating PI, Qadri UO1 HD39165). Samples of ALS, sera, and stool extracts are being stored at low temperature (-70oC) for analysis as described below. Both of these studies have already been approved by the Institutional Review Boards of the ICDDR,B and  Massachusetts General Hospital, for analysis of immune responses to additional cholera antigens (IRB approval and consent forms in Appendix:3-4). The Peru 15 study has funding available only for evaluating the  vibriocidal antibody response in vaccines, to assess immunogenicity of the vaccine. We have been collecting samples appropriately,  so that additional immulogic data could be generated later when funding became available.

The Peru 15 cholera vaccine study is a double blinded placebo controlled trial that is ongoing now and will be  conducted in 310 study subjects overall (70 adults, 120 toddlers, and 120 infants down to 9 months of age), including both vaccine (n=200) and placebo recipients  (n=110). Samples are being collected at two time points from the subjects for processing for ALS (prior to intake of the study agent and 7 days later) and at three time points for processing of stool extracts or for serum (prior to the intake of the study agent and 7 and 21 days later). Thus, a total of about 2500 samples from the vaccinees will need to be analyzed. From the placebo recipients, we will analyze samples at one time point only, before administration of the study agent, which will serve as control samples. We will test about 330 samples from the controls. 

For this project, we will also have  access to samples from 500 cholera patients for the study of  the different immune responses. All sample collections will have been completed by the end of 2005. There will samples collected at two time points for the ALS assay (acute stage and day 7 after onset), three time points for the sera and stool extracts (acute stage, day 7 and day 21 post-onset). We will need to analyze around 4000 samples from the patients. 

2. ELISA to study immune responses to LPS, CtxB, TcpA and other cholera specific antigens in sera. We have recently optimized the method for using recombinant TcpA (antigen obtained from the laboratory of Dr. Ron Taylor in Dartmouth University) in ELISA assays. For this purpose, 1 ug of TcpA is coated onto wells of polystyrene plates in 50 mM carbonate buffer (Asaduzzaman, XII ICTDR, 2003). Serum samples collected from vaccines prior to immunization (day 0) and at post immunization  (day 7 and 21) will be tested against TcpA coated plates (1:100 dilution) utilizing a recently described ELISA procedure (Qadri et al. 2003). LPS and CtxB will be coated in wells of microtiter plates as described earlier (Qadri  1997;1999).  Optical densities will be measured kinetically at 450 nm.  Plates will be read for 5 min at 19-s intervals, and the maximum slope for an optical density change of 0.2 U is reported as milli-optical density absorbance units per min (mAB/min) (Crean  2002).
3. Antibody in lymphocyte supernatant assay. PBMCs separated from blood by differential centrifugation on Ficoll Hypaque will be incubated in 24-well tissue culture plates at a concentration of 1x107/ml in RPMI medium (with 10% fetal bovine serum, 1% glutamine, 1% sodium pyruvate and 1% penicillin-streptomycin) at 370C in 5% CO2 for 48 hour (Qadri 2003, Chang  2001).  After incubation, plates will be spun at 1200 x g for 10 min and supernatant collected.  A protease inhibitor cocktail containing aprotinin (0.15 (M), leupeptin (10 (M), sodium azide (15 (M) and 4-(amino ethyl) benzene sulfonyl fluoride (AEBSF; 0.2 (M) will be added to the supernatant (10 (l/ml supernatant), and sample aliquots will be immediately frozen at -70oC until used.  ALS specimens will be assayed by ELISA at dilutions varying from undiluted to 1:10 in PBS,  detected with rabbit anti-human IgA/IgG-horseradish peroxidase conjugate ,and responses measured kinetically as described above 
4. Intestinal antibody responses using stool extracts.  Feces obtained from study subjects on the different study days will be frozen immediately at –70oC. Stool  extracts will be prepared by mixing stool with PBS (1g feces in 4 ml PBS) containing the protease inhibitors, soybean trypsin inhibitor (100 mg/ml) and phenylmethylsufonyl fluoride (10 mM) ( Qadri 1997). Stool extracts will be frozen in aliquots at ‑70​oC. Total IgA content of stool extracts will be determined by ELISA using pooled human Swedish milk with a known IgA concentration of 1 mg/ml as standard and using affinity purified goat antibodies to the F(ab’)2 fragment of human IgG as capture antibody (Jackson ImmunoResearch Laboratories Inc, West Grove, PA) using methods described earlier (Qadri 1997) .  Affinity-purified goat anti-human immunoglobulin with IgA specificity, conjugated to horseradish peroxidase will be used as secondary antibody QUOTE "" 
.  LPS, CtxB, and TcpA. Stool IgA responses will be detected with affinity-purified rabbit anti-human immunoglobulin with IgA specificity conjugated to horseradish peroxidase as secondary antibody .  Responses will be measured kinetically and expressed as mAB/min/(g total stool IgA.  A positive response  will be defined as  a two-fold or greater increase  after immunizationor infection (at day 7 or 21) compared to that seen in the  preimmune sample. Responses will also be compared to that seen in the placebo recipients. 

5. Timeline- The study is planned for a period of three years. For the first year of the study, we would like to study the immune responses to TcpA in samples collected from study subjects in the Peru 15 clinical trial. This will include assessing the immune responses in sera, and  stool extracts, using samples that have already been collected. In the second year, we would like to compare mucosal immune responses using ALS  and  stool extract samples in vaccinees and placebo recipients, for immune response to CtxB, LPS, MSHA and TcpA. 

By year two of the study, all the samples collected from the study subjects in the vaccine study will be completed and we hope to complete analyzing all the samples. We hope to be able to add to the analysis any novel V. cholerae antigen made available to us from the laboratories that are collaborating in this study.

In year 3 of the study, we will have completed the collection of specimens from 500 cholera patients and their family contacts, and we will compare immune responses to LPS, CtxB, and TcpA in sera, stool extracts and ALS specimens of patients with cholera and those receiving the vaccine. The numbers of individuals in the study by this point should allow comparison of immune responses by age and sex as well.

The samples from the Peru 15 study and from the study in cholera patients are already being collected from the study subjects and we have approval from the Ethical Review Committee of ICDDR, B for additional immunological analyses on these specimens (Appendix). 

6. Statistical methods. The data will be analyzed using previously described procedures that have been utilized in ongoing studies from our group (Saha 2003 in press, Qadri 2003). Data will be entered in StatPac Gold version 3.2 (Walonick Associates, Minneapolis, MN), and statistical analyses will be performed using Statistical Package for Social Sciences software version 10.0 for Windows (SPSS, Chicago, IL). Sigma Plot will used for graphical presentation of data. For patients, vaccinees, and controls, data will be analyzed and compared. Means will be compared using ANOVA for normally distributed data or the Kruskal-Wallis or Mann-Whitney U tests for non-normally distributed data. The chi-square test or the Fisher’s exact test will be used where necessary for comparison of categorical variables.

e. Human Subjects- No  subjects will be enrolled in the study. Specimens that have been/are being collected from 500  patients (UO1 HD39165, NIH/ICIDR) and  from 310 subjects in the  oral cholera vaccine study  in Bangladesh (IVI/DOMI) will be used. Based on the male: female ratio of our present study we expect to study 362 males and 448 females. Of those in the vaccine trial, there will be 70 adults and 240 children aged from 5 years to 9 months of age and we expect a male:female ratio of 150 males and 160 females. Of the cholera patients, based on our present recruitment pattern we will probably study  more adults than children of whom approximately 212 will be males and 288 will be females. 
We  have approval from the  IRB of ICDDR, B for carrying out such immunological analyses from the cholera patients and from the vaccinees (consent forms in Appendix). 

f. Vertebrate Animals

NA
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Figure 1. IgA-antibody secreting cell (ASC) response to TcpA of V. cholerae O1 Ogawa (Og) , O1 Inaba (In) infected patients and healthy individuals (HC)
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Immunoblot analyses to detect TcpA specific IgA antibodies in sera of cholera patients  7 days after infection. For healthy controls (HC) samples collected at one time point.  
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