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Background. A live oral Vibrio cholerae O1 El Tor vaccine candidate, Peru-15, was studied for safety, im-
munogenicity, and excretion in phase 1 (inpatient) and phase 2 (outpatient) studies of Bangladeshi adults.

Methods. The study was conducted among adults, by use of a double-blind, randomized, placebo-controlled
design. A single dose of Peru-15 (∼ cfu) or placebo (buffer only) was given in standard bicarbonate and82 � 10
ascorbic acid buffer.

Results. Study treatment did not elicit any major adverse events in the volunteers, during either the inpatient
or the outpatient phases, and there were no reports of diarrhea. V. cholerae was isolated from the stool of only 1
volunteer and was found to be genetically identical to the vaccine strain. Vibriocidal antibody responses were seen
in 30 (75%) of 40 vaccine recipients and in 3 (10%) of 30 placebo recipients. Peripheral blood immunoglobulin (Ig)
A and IgM antibody-secreting cell responses to lipopolysaccharide were seen in the majority of vaccine recipients
(response rate, 78%–88%). Seroconversion for lipopolysaccharide-specific IgA antibodies was seen in 88% of vaccine
recipients. The response in vaccine recipients was significantly higher than that in placebo recipients, in all of the
immunological assays ( to !.001). A lower immunological response against cholera toxin B subunit wasP p .036
detected.

Conclusions. The safety and immunogenicity of this Peru-15 vaccine candidate indicates the usefulness of
future studies in Bangladesh, where cholera is endemic.

A serious need exists for a simple, easily administered

vaccine to protect children in developing countries

from the life-threatening consequences of cholera. Live

vaccines based on attenuated mutants of Vibrio cholerae

offer much promise in this regard. Peru-15 is a V. chol-

erae O1 El Tor, Inaba strain that has been engineered

to be nontoxinogenic (it lacks the ctxA and rtxA genes,

which encode cholera toxin [CT] A subunit and the
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RTX toxin, respectively), nonrecombinational (it lacks

the recA gene and the attachment site for the CTX

phage), nonmotile, and ctxB positive (it makes the im-

munogenic, nontoxic CTB subunit) [1]. It has been

found to be safe and immunogenic in several studies

[1, 2] and has also been found to be protective against

V. cholerae O1 El Tor cholera in North American vol-

unteers in experimental challenge studies [3]. Since the

vaccine is immunogenic and protective in naive North
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Figure 1. Vibriocidal antibody responses in groups receiving Peru-15
(black symbols) or placebo (white symbols). Bars indicate the geometric
means of titers, and lines indicate the SEs. Symbols denote individual
values before (�) and 7 (�) and 21 (�) days after immunization. Re-
sponder rates are the no. of participants with �4-fold increases in titers/
no. studied. Individual titers for 40 vaccine recipients and 30 placebo
recipients are shown; because of overlapping values, fewer nos. of in-
dividual titers are seen. Asterisks indicate statistically significant differ-
ences in responses in vibriocidal antibody titers before (D �1) and 7
(D7) or 21 (D21) days after immunization. * , vs. preimmunizationP � .001
levels (Wilcoxon signed rank test).

Figure 2. Antibody-secreting cell (ASC) responses to Vibrio cholerae
O1, Inaba lipopolysaccharide (LPS) in participants receiving Peru-15 (black
symbols) or placebo (white symbols). The responses in the IgA and IgM
isotypes to LPS are shown before (D �1) and 7 days after (D7) immu-
nization. Symbols denote the individual nos. of ASCs per pe-71 � 10
ripheral blood mononuclear cells (PBMCs), and horizontal lines indicate
the geometric means. * , day 7 vs. preimmunization (WilcoxonP � .001
signed rank test).

American volunteers, it is expected that it will also be protective

in children who have not been primed previously with V. cholerae

O1. A killed cholera vaccine was found to be less immunogenic

in Bangladeshi children !5 years of age [4]. The live oral cholera

vaccine CVD 103-HgR was significantly less immunogenic in

children in Indonesia, compared with the response in naive

North American participants who received the same dose [5].

We have initiated a series of studies of the live oral cholera vaccine

candidate Peru-15 in Bangladesh, in age groups ranging from

adults to infants. The data on safety, immunogenicity, and ex-

cretion of the vaccine strain in phase 1/phase 2 studies of Bang-

ladeshi adults are presented here.

SUBJECTS, MATERIALS, AND METHODS

Setting. The study population included adults living in an ur-

ban slum in the Mirpur area in Dhaka city in Bangladesh. The

inpatient volunteer facility was set up at the International Cen-

tre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B).

Conditions to limit the infectivity of the strain, the safety of

the vaccine strain and of the study agent, and the safety of

the individuals was assured in this facility. The participants were

housed 1 day before intake of the study agent, for a total of 12

days. The outpatient facility was at the urban field site in Mir-

pur, ∼10 km from the ICDDR,B. Informed consent was ob-

tained from the study participants. The research was approved

by the Ethical Review Committee of the International Centre

for Diarrhoeal Disease Research, Dhaka, Bangladesh.

Eligibility. Inclusion criteria included being a healthy adult

18–45 years of age and willingness to participate. Exclusion cri-

teria included any chronic disease or recent illness, immuno-

suppressive conditions during the past 6 months, and pregnancy

[2]. Those with a history of diarrheal illness during the past 6

weeks, febrile illness during the past week, or antibiotic treatment

during the past 14 days were excluded. Food handlers, those

cooking for or looking after infants or young children, and those

who received any enteric vaccine during the past month were

also excluded. Adults found to be positive for enteric pathogens

on screening of stools 3–5 days before enrollment were not in-

cluded [6]. Of the 140 individuals who consented to participate,
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Table 1. Anthropometric and other relevant data on participants
in the study.

Characteristic

Vaccine
recipients
( )n p 40

Placebo
recipients
( )n p 30

Male, no./total (%) 23/36 (63.9) 13/36 (36.1)
Female, no./total (%) 17/34 (50.0) 17/34 (50.0)
Age, mean (SD), years 26.3 (6.7) 26.4 (6.8)
Weight, mean (SD), kg 48.3 (8.5) 47.0 (10.0)
Height, mean (SD), cm 155 (7.8) 153 (7.0)

NOTE. Of the 140 potential participants screened, 84 were found to be
eligible, and 70 were enrolled in the study.

Table 2. Symptoms reported by volunteers receiving Peru-15 vaccine or placebo.

Sign/symptoma

Inpatient Outpatient Overall

Vaccine
( )n p 20

Placebo
( )n p 10

Vaccine
( )n p 20

Placebo
( )n p 20

Vaccine
( )n p 40

Placebo
( )n p 30

No symptoms 18 (90) 10 (100) 20 (100) 20 (100) 38 (95) 30 (100)
Symptoms 2 (10) 0 (0) 0 (0) 0 (0) 2 (5) 0 (0)
Gas 1 (5) 0 (0) 0 (0) 0 (0) 1 (2.5) 0 (0)
Abdominal cramp 1 (5) 0 (0) 0 (0) 0 (0) 1 (2.5) 0 (0)
Diarrhea 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Fever 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

NOTE. Data are no. (%) of participants.
a The symptoms recorded in all cases were mild, and none of the study subjects showed 11 symptom or

any symptom within 4 days of receiving Peru-15.

84 met inclusion criteria; 70 adults were sequentially recruited

in the order in which they were screened and then were ran-

domized into vaccine and placebo groups.

Study design. The trial had a double-blind, placebo-con-

trolled design in which randomization was performed by the

International Vaccine Institute (IVI), Seoul, South Korea, and

was sent to members of the vaccine formulation team at

ICDDR,B. The sample-size calculation was performed at a pow-

er of 90% and significant difference level of 95%, on the basis

of earlier studies involving Peru-15 [2]. The study was moni-

tored by an independent data safety monitoring board.

Study agents, allocation, and administration. The freeze-

dried vaccine was supplied by AVANT Immunotherapeutics.

Each vaccine dose contained ∼ cfu of Peru-15. The vac-82 � 10

cine was formulated in 5 mL of chlorine-free bottled water and

then mixed with 95 mL of a buffer containing bicarbonate (2.5

g) and ascorbic acid (1.65 g) (AVANT). The placebo consisted

of 100 mL of buffer only. The vaccine formulation team pre-

pared the vaccine and the placebo in accordance with the ran-

domization code at the inpatient or the outpatient facility, and

the study agents were administered within 1 h of preparation

at these sites. For the outpatient phase, the participants were

given the study agents at the field site. The participants fasted

for 60 min before and after intake of the study agent.

Follow-up for adverse events. All participants were clini-

cally monitored 1 h before and after intake of the study agent.

At the inpatient site, clinical monitoring was performed twice

daily; for the outpatient phase, clinical monitoring was per-

formed at the participants’ homes once daily for 10 days. Clin-

ical symptoms that were monitored included vomiting, diar-

rhea, headache, fever, abdominal cramp, and gas. After the

participants went home, monitoring was continued during vis-

its by study staff every day for up to 21 days, when the study

was terminated. On day 6 of the study, all participants were

given 200 mg of doxycycline, followed by 100 mg of doxycycline

twice daily for a total of 4 days, to eliminate shedding of the

vaccine strain.

Safety precautions. During the inpatient phase, individuals

were kept under enteric quarantine conditions, and all stool

was passed into disposable biohazard bags. After samples had

been collected for microbiological analyses, stool was decon-

taminated by soaking it in bleaching powder [2] for 1 h, after

which it was flushed down a toilet. Extensive safety measures

were maintained in the inpatient facility.

Follow-up and test methods for immune responses. Blood

(10 mL) was collected for immunological studies before im-

munization (day �1) and 7 and 21 days after immunization.

V. cholerae O1, Inaba lipopolysaccharide (LPS) [7] and recom-

binant CTB (rCTB) [8] were used. Blood grouping was per-

formed for all participants at day �1.

Peripheral blood mononuclear cells (PBMCs) were isolated

from heparinized venous blood and assayed for LPS- and rCTB-

specific antibody-secreting cells (ASCs) of the different isotypes

by the enzyme-linked immunospot (ELISPOT) technique [7].

A 2-fold or greater increase in vaccine-specific ASCs/107 PBMCs

between pre- and postimmunization samples was considered

to be a significant response; only frequencies 110 ASCs/107

MNCs in postimmunization specimens were considered to be

significant. The antigen-specific ASC response was compared

with the serum response by use of 4-field table analyses [7].

Vibriocidal antibody assays and ELISAs. Vibriocidal as-

says were performed with V. cholerae O1, Inaba T-19479 as the

target strain and serum samples from participants, by use of

standard procedures [9]. The vibriocidal titer was defined as
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the reciprocal of the highest serum dilution causing a 150%

reduction of the optical density at 595 nm, compared with that

of the control wells without serum. A �4-fold increase in titer

in comparison with the preimmune titer was used to signify

seroconversion [7].

For LPS- and CTB-specific antibody responses, pre- and

postimmunization samples from study subjects were tested for

the presence of antibodies specific for LPS and rCTB, by ELISA

[1, 7, 10]. A study subject with a �2-fold increase in antigen-

specific antibody response in serum was considered to be a re-

sponder [10].

Microbiological studies. At the inpatient facility, the first

2 stool specimens or rectal swabs collected each day from each

participant were cultured to detect excretion of the vaccine

strain, by use of both quantitative and qualitative methods, for

11 days, followed by surveillance at home up to day 21 [2].

For the outpatient phase, stool was collected for analysis before

and on the day of immunization and 1, 3, 7, 14, and 21 days

after immunization, for qualitative counts only. Thus, higher

numbers of stool samples were cultured during the inpatient

than during the outpatient phase of the study. Isolated V. chol-

erae O1, Inaba [11] were tested for motility [12] and by colony

blot hybridization techniques for the ctxA and ctxB genes and

the attRS1 sequence [1, 13]. The absence of ctxA and attRS1

and motility in combination with the presence of the ctxB gene

was used to confirm the identity of the vaccine strain. Peru-

15 strain was used as control to determine the sensitivity of

the procedures.

Data management and statistical analyses. Data were en-

tered into a computerized data-management system using a

Visual FoxPro (version 6.0; Microsoft)–based program set up

for the study. Data were transferred electronically to the IVI.

After data checking and verification and monitoring by an in-

dependent clinical monitor, the study was locked, and data sets

were sent to the different investigators. Data analyses were per-

formed after the study was unblinded.

Results are expressed as geometric mean (GM), SD, and SE.

Statistical analyses were performed using SigmaStat (version

2.03; Jandel Scientific). Paired samples were assessed by the

Wilcoxon signed rank test, and unpaired samples were assessed

by the Mann-Whitney U test. Proportions were compared using

the x2 or Fisher’s exact test, as appropriate. was con-P � .05

sidered to be significant.

RESULTS

Adverse events associated with Peru-15. Of the 70 participants,

36 were male and 34 were female; 21 were blood type O, 18

were type A, 25 were type B, and 6 were type AB. Anthropometric

characteristics were very similar between placebo and vaccine

recipients (table 1). The vaccine was well tolerated by the 40

participants during the inpatient and outpatient study phases

(table 2); surveillance for adverse events revealed only mild symp-

toms. Complaints of headache and abdominal cramp were re-

ported by only a few participants, and there was no diarrhea or

fever reported. No serious adverse events were noted. Very few

symptoms were attributable to the vaccine within 4 days of intake

of the study agent (table 2) or during the entire 21-day surveil-

lance period. Two vaccine recipients vomited after the first dose

of doxycycline, which was given on the sixth day after immu-

nization. There were no significant differences in the rates of any

adverse events between the vaccine and placebo recipients.

Excretion of Peru-15. Only 1 subject excreted the vaccine

strain during the inpatient phase, on the fourth day of intake,

at a concentration of cfu/g of stool. The excreted isolate26 � 10

was confirmed to be the vaccine strain, since it was nonmotile;

negative for attRS1, RS1, and ctxA; and positive for ctxB. V.

cholerae was not isolated from anyone during the outpatient

phase.

Vibriocidal antibody responses. The baseline antibody titer

in the participants ranged from a minimum of 5 to a maximum

of 2560. Overall, 75% of the participants responded with an-

tibacterial antibodies in sera (figure 1). During the inpatient

phase, 85% responded, and during the outpatient phase, 65%

responded ( ). A maximal response was seen within 7P 1 .05

days of intake of vaccine; the titers on day 21 were also sig-

nificantly higher, compared with preimmunization levels (P !

). When responses on the 2 study days after vaccination.001

were compared, it was found that the titer decreased signifi-

cantly on day 21 ( ), compared with that on day 7. TheP ! .001

individual maximal fold increase in titer among those who

responded was as high as 256-fold. The highest average fold

increase in GM titer (8-fold) was seen by day 7.

Only 2 of 30 placebo recipients showed a 4-fold increase in

titer; the response was lower in magnitude than that in the

vaccine recipients (8-fold lower; ). Of the 10 vaccineP ! .001

recipients who did not experience seroconversion, 8 had high

baseline titers, ranging from 320 to 2560. Of those not re-

sponding to the vaccine, 80% (8/10) had a high baseline titer,

whereas only 10% (3/30) of the responders had a preimmune

titer !320 ( ).P ! .001

Vaccine-specific ASC responses. Overall, 78% of vaccine

recipients responded with LPS-specific IgA ASCs in the cir-

culation (range, 0–1900 ASCs/107 PBMCs) (figure 2). This was

1150-fold higher than the levels before immunization (P !

.001). Response to LPS in the IgM isotype was also seen (re-

sponder frequency, 88%; ), whereas the IgG responseP ! .001

was poor (data not shown). The CT-specific ASC responses in

vaccine recipients were very modest, with response rates rang-

ing from 7% to 27% in the IgA and IgG isotypes (table 3).

The response in the IgM isotype was poor (data not shown).
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Table 3. Immunological response in blood to cholera toxin B subunit (CTB) in the study participants.

Response

Vaccine recipients Placebo recipients

Day 7 Day 21 Day 7 Day 21

ASC
IgA

Titer, GM (range) 0.57 (0–360) … 0.110 (0–160) …
Fold increase in titer 8.3 … 1.75 …
Responders, no./total 10/40 … 2/30 …
Responder frequency, % 25 … 6.66 …

IgG
Titer, GM (range) 0.216 (0–310) … 0.019 (0–15) …
Fold increase in titer 8.3 … 0.826 …
Responders, no./total 11/40 … 1/30 …
Responder frequency, % 27.5 … 3.33 …

Serum
IgA

Titer, GM (range) 227.51 (47–1574) 247.17 (56–2654) 271.64 (28–1724) 306.20 (28–1988)
Fold increase in titer 1.12 1.22 1.20 1.35
Responders, no./total 3/40 7/40 2/30 5/30
Responder frequency, % 7.5 17.5 6.66 16.66

IgG
Titer, GM (range) 2123.24 (451–11,289) 2552.70 (727–14,482) 2630.27 (536-12,250) 3019.95 (436-9091)
Fold increase in titer 1.04 1.25 1.14 1.31
Responders, no./total 0/40 5/40 1/30 5/30
Responder frequency, % 0 12.5 3.33 16.66

NOTE. Antibody-secreting cell (ASC) responses were studied before and 7 days after immunization only; serum antibody levels were tested on these days
as well as 21 days after immunization. Responders were considered to be those with �2-fold responses, compared with preimmunization levels. The baseline
geometric mean (GM) nos. of CTB ASCs in the IgA and IgG isotypes were 0.07 and 0.03 ASCs/107 peripheral blood mononuclear cells, respectively; the baseline
GM serum titers in the IgA and IgG isotypes were 203 and 2037, respectively.

Table 4. Immune response in serum from the study participants to Vibrio cholerae O1, Inaba lipopolysaccharide
(LPS)

Serum IgA response to LPS

Vaccine Placebo

Day 7 Day 21 Day 7 Day 21

Titer, GM (range) 230.0 (24.0–3696.0) 138.0 (14.0–1808.0) 64.7 (9.0–887.0) 74.3 (9.0–1392.0)
Fold increase in titer 6.3 3.8 1.0 1.2
Responders, no. 35 30 0 2
Responder frequency, % 87.5 70.0 0 6.6
P !.001a,b

!.001a,b .088 .004a

NOTE. The Wilcoxon signed rank test or the Mann-Whitney U test were used for comparisons, as appropriate. The baseline
geometric mean (GM) titer in serum in the IgA isotype was 37.

a Statistically significant difference in responses before immunization and at follow up on day 7 or 21 after immunization.
b –.001, response in vaccine vs. placebo recipients.P � .036

Serum anti-LPS and anti-CTB responses. Approximately

88% of vaccine recipients experienced seroconversion for LPS

IgA antibodies in sera within 7 days of immunization (table

4). Although the magnitude of the response remained elevated

for at least 21 days after immunization ( ), the levelsP ! .001

were decreased, compared with those seen on day 7 ( ).P ! .001

The LPS-specific serum responses on day 7 showed a sensitivity

of 96%, compared with the ASC responses.

Although seroconversion was also seen for the IgM and IgG

antibody types, the responses were of lower magnitude. The

response to CTB was low in sera; the maximal responder fre-

quency was 20% in the IgA isotype, with even lower rates in

the IgG isotype (table 3) and the IgM isotype (data not shown).

DISCUSSION

This is the first study of Peru-15 to be conducted in a cholera-

endemic country after several studies in the United States showed

the vaccine candidate to be safe, immunogenic, and efficacious.

This study is important because vaccine candidates need to be

tested in heterogeneous populations and at different field sites,

since response rates and efficacies can vary a great deal. Since
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an oral, live vaccine can give rapid immunity after a single dose,

these traits would be most useful in Bangladesh, both for fea-

sibility of delivery and as a public health tool during and be-

fore epidemics, especially to protect young children from chol-

era. Thus, Peru-15 needed to be studied in Bangladesh and to

be studied first in adults, to test its safety and immunogenicity

as well as the stability of the strain, before the vaccine could

be studied in children in decreasing age groups.

After vaccination with Peru-15, the majority of recipients

developed vibriocidal antibodies and experienced seroconver-

sion for LPS-specific antibodies, as well as ASC responses in

blood. Among the 10 vaccine recipients who did not respond

with vibriocidal antibodies, 8 had high baseline titers (�320),

which, in previous cholera vaccine studies, have been shown

to be an impediment to the development of a vibriocidal re-

sponse [14, 15].

Our study was designed to test the vaccine’s applicability in

Bangladeshi participants, and we did not preselect individuals

on the basis of low baseline vibriocidal titers [5] or the presence

of blood group O [16], both of which have been used as de-

terminants of a “high take rate” of cholera vaccines. Of the 70

participants, 21 were blood type O, 18 were type A, 25 were

type B, and 6 were type AB; the responder frequencies for these

groups were 69%, 57%, 85%, and 83%, respectively, in vibrio-

cidal antibodies. The results are, however, encouraging in this

unbiased selection of participants, and we can expect similar

seroconversion rates in immune responses when we move to

large field studies in this population.

The response to LPS in the IgA isotype in ASCs and in sera

suggests that the gut-associated immune response was stimu-

lated by Peru-15. The IgA ASC responses showed 196% sen-

sitivity, compared with the serum responses on day 7, sug-

gesting that the serum responses could be used quite effectively

to gauge mucosal responses in Peru-15 studies. However, we

were not able to test intestinal secretions as an indicator for

assessing the direct measures of the mucosal immune responses

in the present study.

Peru-15 elicited relatively low levels of antibodies to CTB.

In North American subjects, ∼48% of vaccine recipients ex-

perienced seroconversion for the IgG isotype when a 108 or a

109 dose of a frozen preparation of Peru-15 was used [2]. How-

ever, in another study, conducted in Cincinnati, 28% of vaccine

recipients responded with CT-specific antibodies when a ly-

ophilized preparation of a dose of cfu—identical to the82 � 10

vaccine used in the present study—was administered [3]. In

both of these studies, the antibody response to the toxin was

lower than the vibriocidal antibody responses. The killed, whole-

cell cholera vaccine containing CTB stimulates a more vigorous

toxin-specific response in vaccine recipients and also cross-

protects against diarrhea from the immunologically similar heat

labile toxin–expressing strains of enterotoxigenic Escherichia

coli [17]. It is possible that Peru-15, which induces a lower

response to CTB, will not be as efficient in this respect. How-

ever, since antibacterial immunity is thought to be more im-

portant than antitoxin immunity for protection [18], it should

not be a major issue for a vaccine meant to protect mainly

against O1 cholera and not against diarrhea caused by other

toxigenic bacteria.

It was important to test whether the attenuated vaccine strain

remained genetically stable after human passage in an envi-

ronment where a multitude of enteric pathogens can be cul-

tured from the stool of even healthy individuals. This is a major

issue in the safety of live strains in cholera-endemic countries

where there is a possibility of strains reverting to virulence by

acquiring lysogenic bacteriophages [19]. We found that the in

vivo passaged strain remained unchanged in phenotypic and

genotypic properties and was identical to Peru-15.

The strain could be cultured from only 1 individual during

the study. When tested in the United States, Peru-15 was ex-

creted by 150% of participants [2, 3]. The low excretion rate

in the Bangladeshi adults, compared with that in North Amer-

ican subjects, could be due to the presence of neutralizing

antibodies in the gut. In studies in Peru and Indonesia, there

was a much lower frequency of shedding of both live cholera

vaccines CVD103 HgR and CVD111, compared with that seen

in individuals in the United States [5, 20, 21].

The lower shedding rate may be an added advantage in the

use of the single-dose Peru-15 strain in developing countries,

since this will reduce the introduction of the recombinant strain

into the environment and reduce nosocomial transmission to

potential contacts. This may be especially advantageous in house-

holds with immunocompromised family members who could

become infected inadvertently. The low excretion rate of Peru-

15 in Bangladeshi adults, however, did not appear to affect the

immunogenicity of the vaccine, a result similar to those of

earlier studies in which no relationship was found between fecal

shedding and rate of seroconversion [2, 3]. However, it cannot

be ruled out that a higher dose will result in a greater immune

response, leading to high vaccine efficacy.

The results of this carefully monitored study of Peru-15 in

Bangladeshi adults shows that the single-dose live vaccine can-

didate is safe in these subjects and is also well tolerated, with

only minor adverse events. None of the 40 individuals ingesting

the vaccine had any instance of diarrhea or fever. The vomiting

observed in the 2 individuals ∼6 days after intake of the vaccine

appeared to be related to the intake of doxycycline rather than

Peru-15, since the antibiotic has been shown to have such an

effect in patients [22]. The adverse events observed even in this

actively conducted surveillance showed that there were no sig-

nificant differences between vaccine and placebo recipients.

The Bangladeshi vaccine recipients had antibacterial im-

mune responses comparable to those of the North American
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subjects. However, a greater fold increase in vibriocidal anti-

body response was seen in North Americans, as a result of at

least a 14-fold lower baseline titer, compared with that seen in

participants in the present study in Bangladesh [2]. The mag-

nitude of the postimmunization titers in the 2 studies were also

comparable (GM, ∼800 in both groups). Thus, Peru-15, in a

relatively low dose, generated similar immune responses in par-

ticipants in 2 vastly different geographical settings. This is very

encouraging, because, when CVD103HgR was tested in vol-

unteers in Peru and Indonesia at similar doses, a lower mag-

nitude of response was seen in the Peruvian and Indonesian

“primed” subjects than in the participants from the United

States [5, 21, 23]. Efficacy and immune responses to oral chol-

era vaccines have usually been lower in children in cholera-en-

demic countries than in adults and children in industrialized

settings. Studies of the oral whole-cell killed cholera vaccine

in Bangladesh have shown higher efficacy in adults than chil-

dren [4], whereas varying immunogenicity results have been

obtained in children from other populations [24, 25]. On-

going studies of Peru-15 in children will be able to determine

the usefulness of Peru-15 for further studies in Bangladesh.

This is the first study in which Peru-15 has been studied in

a developing country endemic for cholera. The vaccine strain

is of the El Tor biotype, which is the predominant biotype in

the current cholera pandemic. Thus, we can expect Peru-15 to

be more effective for protection than vaccines derived from the

classical V. cholerae O1 biotype.

The results of these studies in adults are very promising,

since satisfactory immune responses were seen. At the time of

initiation of the study, we had not expected such high sero-

conversion rates in the adults, on the basis of the notion that

preexisting antibodies in primed individuals can blunt or di-

minish immune responses in older individuals. We are hopeful

that the vaccine may be useful for a variety of age groups and

populations, including those living in cholera-endemic areas,

refugees, and travelers.

References

1. Kenner JR, Coster TS, Taylor DN, et al. Peru-15, an improved live
attenuated oral vaccine candidate for Vibrio cholerae O1. J Infect Dis
1995; 172:1126–9.

2. Sack DA, Sack RB, Shimko J, et al. Evaluation of Peru-15, a new live
oral vaccine for cholera, in volunteers. J Infect Dis 1997; 176:201–5.

3. Cohen MB, Giannella RA, Bean J, et al. Randomized, controlled human
challenge study of the safety, immunogenicity, and protective efficacy
of a single dose of Peru-15, a live attenuated oral cholera vaccine. Infect
Immun 2002; 70:1965–70.

4. Clemens JD, Sack DA, Harris JR, et al. Field trial of oral cholera vac-
cines in Bangladesh: results from three-year follow-up. Lancet 1990;
335:270–3.

5. Suharyono, Simanjuntak C, Witham N, et al. Safety and immunoge-
nicity of single-dose live oral cholera vaccine CVD 103-HgR in 5-9-
year-old Indonesian children. Lancet 1992; 340:689–94.

6. Qadri F, Ahmed T, Ahmed F, et al. Safety and immunogenicity of an

oral, inactivated enterotoxigenic Escherichia coli plus cholera toxin B
subunit vaccine in Bangladeshi children 18–36 months of age. Vaccine
2003; 21:2394–403.

7. Qadri F, Wenneras C, Albert MJ, et al. Comparison of immune re-
sponses in patients infected with Vibrio cholerae O139 and O1. Infect
Immun 1997; 65:3571–6.

8. Sanchez J, Holmgren J. Recombinant system for overexpression of
cholera toxin B subunit in Vibrio cholerae as a basis for vaccine de-
velopment. Proc Natl Acad Sci USA 1989; 86:481–5.

9. Qadri F, Mohi G, Hossain J, et al. Comparison of the vibriocidal antibody
response in cholera due to Vibrio cholerae O139 Bengal with the response
in cholera due to Vibrio cholerae O1. Clin Diagn Lab Immunol 1995; 2:
685–8.

10. Jertborn M, Ahren C, Holmgren J, Svennerholm AM. Safety and im-
munogenicity of an oral inactivated enterotoxigenic Escherichia coli vac-
cine. Vaccine 1998; 16:255–60.

11. Qadri F, Raqib R, Ahmed F, et al. Increased levels of inflammatory
mediators in children and adults infected with Vibrio cholerae O1 and
O139. Clin Diagn Lab Immunol 2002; 9:221–9.

12. Lee SH, Butler SM, Camilli A. Selection for in vivo regulators of bac-
terial virulence. Proc Natl Acad Sci USA 2001; 98:6889–94.

13. Faruque SM, Rahman MM, Hasan AK, Nair GB, Mekalanos JJ, Sack
DA. Diminished diarrheal response to Vibrio cholerae strains carrying
the replicative form of the CTXF genome instead of CTXF lysogens
in adult rabbits. Infect Immun 2001; 69:6084–90.

14. Migasena S, Pitisuttitham P, Suntharasamai P, et al. Comparison of the
reactivities and immunogenicities of procholeragenoid and the B sub-
unit of cholera toxin in Thai volunteers. Infect Immun 1989; 57:1942–5.

15. Su-Arehawaratana P, Singharaj P, Taylor DN, et al. Safety and im-
munogenicity of different immunization regimens of CVD 103-HgR
live oral cholera vaccine in soldiers and civilians in Thailand. J Infect
Dis 1992; 165:1042–8.

16. Lagos R, Avendano A, Prado V, et al. Attenuated live cholera vaccine
strain CVD 103-HgR elicits significantly higher serum vibriocidal anti-
body titers in persons of blood group O. Infect Immun 1995; 63:707–9.

17. Clemens JD, Sack DA, Harris JR, et al. Cross-protection by B subunit-
whole cell cholera vaccine against diarrhea associated with heat-labile
toxin-producing enterotoxigenic Escherichia coli: results of a large-scale
field trial. J Infect Dis 1988; 158:372–7.

18. Albert MJ, Alam K, Rahman AS, Huda S, Sack RB. Lack of cross-
protection against diarrhea due to Vibrio cholerae O1 after oral im-
munization of rabbits with V. cholerae O139 Bengal. J Infect Dis 1994;
169:709–10.

19. Faruque SM, Asadulghani, Alim AR, Albert MJ, Islam KM, Mekalanos
JJ. Induction of the lysogenic phage encoding cholera toxin in natural-
ly occurring strains of toxigenic Vibrio cholerae O1 and O139. Infect
Immun 1998; 66:3752–7.

20. Taylor DN, Tacket CO, Losonsky G, et al. Evaluation of a bivalent
(CVD 103-HgR/CVD 111) live oral cholera vaccine in adult volunteers
from the United States and Peru. Infect Immun 1997; 65:3852–6.

21. Levine MM, Kaper JB, Herrington D, et al. Safety, immunogenicity,
and efficacy of recombinant live oral cholera vaccines, CVD 103 and
CVD 103-HgR. Lancet 1988; 2:467–70.

22. Freeman LD, Hooper DR, Lathen DF, Nelson DP, Harrison WO, An-
derson DS. Brief prophylaxis with doxycycline for the prevention of
traveler’s diarrhea. Gastroenterology 1983; 84:276–80.

23. Simanjuntak CH, O’Hanley P, Punjabi NH, et al. Safety, immunogen-
icity, and transmissibility of single-dose live oral cholera vaccine strain
CVD 103-HgR in 24- to 59-month-old Indonesian children. J Infect
Dis 1993; 168:1169–76.

24. Hallander HO, Paniagua M, Espinoza F, et al. Calibrated serological
techniques demonstrate significant different serum response rates to an
oral killed cholera vaccine between Swedish and Nicaraguan children.
Vaccine 2002; 21:138–45.

25. Trach DD, Cam PD, Ke NT, et al. Investigations into the safety and
immunogenicity of a killed oral cholera vaccine developed in Viet Nam.
Bull World Health Organ 2002; 80:2–8.


