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Puebla, Puebla, México,1 and International Centre for Diarrhoeal Disease Research,

Bangladesh (ICDDR,B), Dhaka-1000, Bangladesh2

Received 9 November 1999/Returned for modification 20 December 1999/Accepted 11 February 2000

DNA amplification of lngA, the structural gene of longus type IV pilus produced by human enterotoxigenic
Escherichia coli (ETEC) was achieved by the use of specific oligonucleotide primers designed from the nucle-
otide sequence of lngA. A 630-bp fragment representing the entire lngA gene was amplified in eight prototype
strains previously characterized as longus positive. Five ETEC strains producing colonization factor antigen
III (CFA III) (also a type IV pilus) were also positive by PCR, confirming the DNA homology between CFA III
and longus. None of the non-ETEC and non-E. coli enteropathogens studied showed the 0.63-kbp amplicon.
The procedure thus detected only ETEC strains harboring type IV pili genes with or without other colonization
factors. Except for five lngA PCR-positive, probe-positive strains, all lngA PCR-positive strains produced the
pilin as demonstrated by immunoblotting. To test the amplification procedure in a clinical setting, a collection
of 264 fresh clinical E. coli strains isolated from 88 Mexican children with diarrhea was screened by PCR.
Among 82 ETEC isolates found, 30 (36.5%) were lngA PCR-positive. Twenty-seven percent of the children shed
ETEC that possessed lngA. In parallel with DNA probes or PCR protocols to detect enterotoxin genes, the lngA
PCR method may prove useful for detection of ETEC harboring type IV pilus genes in epidemiological studies.

Some bacterial enteropathogens produce surface append-
ages termed type IV pili that promote colonization of the
intestinal tract (7, 13, 29, 30). For example, colonization of the
gut mucosa by Vibrio cholerae requires expression of a toxin-
coregulated pilus (TCP) (30). The bundle-forming pilus (BFP)
elaborated by enteropathogenic Escherichia coli (EPEC) sero-
types that produce the attaching and effacing lesion is believed
to be responsible for the localized adherence observed in cul-
tured epithelial cells and in intestinal biopsy specimens (7, 23).
Enterotoxigenic E. coli (ETEC) produces a watery diarrhea
similar to that caused by V. cholerae due to the elaboration of
a cholera-like heat-labile toxin (LT) and/or a heat-stable toxin
(ST) (23). Worldwide, ETEC is responsible for high rates of
morbidity and mortality among children (1, 2, 14, 19, 24). This
organism produces a spectrum of distinct surface-adhesive fil-
aments termed colonization factors (CFs), all of which con-
tribute to the recognition of different receptors in the intestinal
mucosa, leading to efficient colonization (3, 4, 6, 23). In addi-
tion, human ETEC strains produce a type IV pilus termed
longus which is encoded by large virulence plasmids also asso-
ciated with the production of CF antigens (CFAs) and ente-
rotoxins (9). Longus is composed of a 22-kDa subunit (LngA)
which shares considerable N-terminal sequence similarities
with the CFA III pilin subunit CofA of ETEC, TcpA, and
BfpA (13, 17). Recently, the nucleotide sequence of the struc-
tural gene encoding longus (lngA) has been reported (15). lngA
is 708 bp long and encodes a predicted protein of 236 amino
acids which is processed by a prepilin peptidase, yielding a
mature pilin of 206 residues (15). While lngA and cofA are
closely related in terms of their amino acid and nucleotide

sequence, less homology is observed with TcpA, and even less
homology is observed with BfpA.

The variety of ETEC virulence factors explains why immu-
nity against ETEC disease is dependent upon the acquisition of
several infections during the first few years of life (2, 19, 20,
23). Studies in different parts of the world have shown that a
considerable number of strains (30 to 50%) do not possess any
known CFs, suggesting the presence of as yet undescribed
fimbrial antigens (20–24). It is becoming apparent that a mul-
tifimbria-based vaccine would induce better protective immu-
nity (6, 12, 20, 32). It is therefore important to identify the most
common adhesive factors in areas of the world where ETEC
represents a major health problem. Longus has been detected
in strains producing the known CFs as well as in strains lacking
these structures, suggesting that it is widely distributed among
ETEC strains (10, 25). Thus, detection of longus DNA se-
quences in epidemiological studies would further assist in the
identification of ETEC. Detection of CFs by either immuno-
logical or molecular assays employing DNA probes and DNA
amplification have proven useful for identification of ETEC in
diarrheal stools (5, 14, 19, 24, 31).

In the present study, a PCR procedure based on the DNA
sequence of lngA has been applied to identify type IV pilin
genes among human ETEC strains, isolated from different
regions of the world, that do or do not express any of the
known CFs. We evaluated and demonstrated the usefulness of
the procedure in a collection of prototype ETEC strains and in
a subset of fresh clinical isolates obtained from children with
diarrhea. The lngA-based PCR procedure is specific for the
identification of ETEC harboring type IV pili and is a relatively
rapid and simple method.

MATERIALS AND METHODS

Bacterial strains and growth conditions. Human ETEC and non-ETEC diar-
rheagenic E. coli strains employed in this study are listed in Table 1. These
included a well-characterized collection of ETEC strains isolated from diarrheal
patients (adults and children) in different countries, including Bangladesh and
Chile. E9034A (O8:H9) is a prototype ETEC strain which harbors CS3 and
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Phone: (52 22) 33 20 10. Fax: (52 22) 44 45 18. E-mail: jgiron@siu.buap
.mx.

1767



longus genes in a large 90-kbp virulence plasmid (pE9034A) and was used as a
positive control in our experiments (9). As negative controls we used ETEC
strains E9034P (a plasmidless derivative of E9034A which does not produce
longus), and longus probe-negative M145-C2, H10407A, D19C1, D226C1, and

C117C2. Non-ETEC strains used to test for specificity were E. coli K-12 DH5a,
EPEC E2348/69 and B171, enteroinvasive E. coli (EIEC) E11, enteroaggregative
E. coli (EAEC) C17 and 236 (isolated from diarrheal cases in Mexico and Brazil,
respectively), and reference enterohemorrhagic E. coli (EHEC) 86-24 and

TABLE 1. Expression of longus pilin and amplification of lngA in ETEC and non-ETEC strains

Category and strain Serotype Pilus(i) Toxin type(s)
Reactiona

Reference
or sourceb

IngA probe IngA PCR Immunoblot

Prototype strains
E9034A O8:H9 CS3 LT, ST 1 1 1 9
B2C O6:H16 CS1, CS3 LT, ST 1 1 1 9
M447-C4 NDc CS1, CS3 ND 1 1 1 9
M633C1 O20:H2 CFA I LT, ST 1 1 1 9
B7A O148:H28 CS6 LT, ST 1 1 1 9
M415-C1 OX:H2 CFA I ST 1 1 1 9
M452-C1 O20:H2 CFA I LT, ST 1 1 1 9
M111C5 ND CS4, CS6 ND 1 1 2 9

Negative controls
M145-C2 O128:HS4 CS3 LT, ST 2 2 2 9
H10407A O78:H11 CFA I LT, ST 2 2 2 9
E9034P O:H9 ND 2 2 2 9

CFA III-producing ETEC strains
E34420A O25:H2 CFA III, CS6 LT 1 1 1 15
Z128-6 O?:H2 CFA III LT, ST 1 1 1 15
Z84-1 O25:H2 CFA III ND 1 1 1 15
D117-5 Rough:H33 CFA III ND 1 1 1 15
MP215-1 O78:H12 CFA III ST 1 1 1 15

Isolates from Bangladesh and Chile
D56C1 ND ND LT 1 1 2 24
D19C1 ND ND LT 1 1 2 24
D89C2 ND ND LT 2 2 2 24
D226C1 ND ND ST 2 2 2 24
C117C2 ND ND ST 2 2 2 24
BD1 ND CFA I ST ND 1 1 24
BD2 ND CFA I ST ND 1 1 24
BD3 ND CS1, CS3 LT, ST ND 1 1 24
BD4 ND CFA I ST ND 1 1 24
BD5 ND 2 ST ND 1 1 24
BD6 ND CS1 LT, ST ND 1 1 24
BD7 ND CFA I ST ND 1 1 24
BD8 ND CFA I ST ND 1 1 24
BD9 ND CS1, CS3 LT, ST ND 1 1 24
BD10 ND CS2, CS3 ST ND 1 1 24
BD11 ND CFA I ST ND 1 2 24
11381a ND 2 ST 1 1 1 19
10001a O6:NM CS1, CS3 ST 1 1 1 19
10154a ND 2 ST 1 1 1 19
2998a ND 2 ST 1 1 1 19
E379a ND 2 ND 1 1 2 19

Non-ETEC E. coli strains (n)d

EPEC (2) BFP 2 2 2 7
EIEC (1) 2 2 2 5
EHEC (2) O157:H7 2 2 2 CVD
EAEC (2) 2 2 2 CVD
K-12 DH5a 2 2 2 CVD

Enteric pathogens
C. rhodentium DBS13 2 2 2 CVD
K. pneumoniae KPF-28 2 2 2 ADM
V. cholerae O395 TCP 2 2 2 CVD
P. mirabilis MA424 MR/P 2 2 2 CVD
S. flexneri 2457T 2 2 2 CVD
S. typhi CVD908 2 2 2 CVD

a 1, positive; 2, negative.
b CVD, Center for Vaccine Development, University of Maryland; ADM, Arlette Darfeuille-Michaud, Facultés de Pharmacie et Médecine, Clermont-Ferrand, France.
c ND, not determined.
d Number of isolates tested.
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EDL933. Non-E. coli strains (Citrobacter rhodentium DBS13, Klebsiella pneu-
moniae KPF28, Proteus mirabilis MA424, Shigella flexneri 2457T, Salmonella typhi
CVD908, and V. cholerae O395) obtained from the Center for Vaccine Devel-
opment were also included in the study to further test the specificity of the PCR.
All strains had been maintained at 270°C in Luria broth containing 15% glyc-
erol. The cultures were grown on Luria agar at 37°C for DNA amplification and
on Trypticase soy agar supplemented with 5% defibrinated sheep blood (TSAB)
for expression of longus (15).

Clinical isolates. Stool samples from 88 children (from 3 to 36 months of age)
with acute diarrhea who attended the Hospital del Niño Poblano in the City of
Puebla, Mexico, were processed for isolation of gram negative enteric pathogens
as previously described (14, 19). This hospital provides free medical care to
low-income families in Puebla. Clinical features such as type of diarrhea, vom-
iting, and fever (.38°C) were recorded. To evaluate the use of lngA PCR in a
clinical laboratory, three lactose-fermenting E. coli colonies cultured on Mac-
Conkey agar were picked from each stool culture and kept in Luria broth with
glycerol at 270°C until tested for the presence of lngA.

Amplification of lngA. A 0.63-kbp fragment comprising the entire lngA gene
was amplified using oligonucleotide primers JG1 (59-CGGAATTCATGAGCC
TGCTGGAAGTTATCA-39) and JG2 (59-CGGAATTCCGGCTACCTAAAG
TAATTGAGT-39), derived from the lngA DNA sequence recently obtained
from pJAG1 (14). pJAG1 contains a 7-kbp BamHI fragment isolated from
pE9034A, which encodes lngA and other accessory genes involved in the bio-
genesis of the pilus (15). The amplification reaction was performed in a 50-ml
volume and contained 500 mM KCl, 100 mM Tris-HCl (pH 8.3), 1 mM MgCl2,
a 0.25 mM concentration of each deoxynucleoside triphosphate, and 0.5 U of Taq
polymerase (Boehringer Mannheim). A suitable amount of bacteria was picked
from a colony on a Luria agar plate and suspended in the PCR mixture. The PCR
consisted of 10 min of heating at 95°C; 35 cycles of 1-min denaturation at 95°C,
3-min annealing at 50°C, and 3-min primer extension at 72°C; and a final exten-
sion of 10 min at 72°C (5). The amplified DNA fragments were resolved by 1%
agarose gel electrophoresis and visualized under UV transillumination after
staining with ethidium bromide (26).

SDS-PAGE and immunoblottings of whole cell extracts. To test for longus
production, all the PCR lngA-positive prototype strains, including those produc-
ing CFA III, were grown on TSAB at 37°C. The bacteria were resuspended to the
same concentration in 50 mM phosphate-buffered saline, pH 7.4, and boiled for
5 min in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) sample buffer. These whole-cell extracts were subjected to electrophore-
sis in 16% polyacrylamide gels (18). Separated proteins were transferred onto
nitrocellulose membranes and analyzed by Western blotting using rabbit anti-
longus antibodies and the appropriate secondary antibodies (9). The blots were
developed with a mixture of nitroblue tetrazolium and 5-bromo-chloro-indolyl-
phosphate (Sigma).

Detection of CFs. CFs were detected by monoclonal antibodies and dot blot
enzyme-linked immunosorbent assay (ELISA) as previously described (27, 28).

DNA probing. The production of ST and LT enterotoxins in the Bangladeshi
strains was analyzed by ELISA (19), and in the Mexican isolates the presence of
the enterotoxin genes was probed by DNA hybridization using nonradioactively
labeled DNA probes as previously described (5, 8). Briefly, for detection of the
sequences encoding LT and ST, bacterial colonies were transferred onto nylon
membranes and lysed with proteinase K (1 mg/ml; Sigma) at 50°C for 1 h. The
DNA was immobilized by UV treatment for 2 min, and the DNA strands were
separated by 0.5 NaOH treatment of the membranes and then neutralized with
5 mM Tris (pH 7.2) and 1.5 mM NaCl. The membranes were hybridized with
digoxigenin-labeled ST and LT probes as previously described (5).

RESULTS

lngA DNA amplification and specificity. In an earlier study,
prototype ETEC strains expressing longus were shown to hy-
bridize with an oligonucleotide probe derived from the N-
terminal region of the longus pilin (9) (Table 1). These strains
were used in this study to evaluate the PCR procedure involv-
ing amplification of lngA. The lngA DNA sequence obtained
from E9034A showed that this gene is contained in a plasmid-
derived 0.708-kbp fragment and encodes a protein of 236 res-
idues (15). Oligonucleotide primers derived from the 59 and 39
ends of the DNA encoding the mature pilus peptide (210
residues long) amplified a 630-bp fragment in lngA-containing
ETEC (Fig. 1A; Table 1). No amplification products were seen
in ETEC negative controls E9034P (the E9034A-derived plas-
midless strain that does not produce longus), M145-C2, or
H10407A. ETEC strains previously designated as CFA III pos-
itive were shown to also amplify the 0.63-kbp amplicon. These
results are not surprising since both longus and CFA III share
significant DNA homologies, and in fact, antigenic cross-reac-

tivities between these two have been shown before (15, 29).
The expected PCR product was also obtained in ETEC strains
previously isolated from diarrheal cases in Bangladesh and
Chile (Fig. 1B; Table 1). From the latter collection, three
isolates (D89C2, D226C1, and C117C2) known to lack lngA did
not show the PCR product.

A collection of several enteric pathogens such as S. typhi, S.
flexneri, P. mirabilis, K. pneumoniae, and C. rhodentium, non-
ETEC diarrheagenic E. coli (EIEC, EHEC, and EAEC), and
K-12 DH5a were used to further evaluate the specificity of the
lngA-based PCR assay. None of these organisms amplified a
lngA PCR product, indicating the lack of lngA-related se-
quences in these organisms (Table 1). Furthermore, other bac-
teria producing type IV pili, namely, EPEC expressing BFP
and V. cholerae O395 expressing TCP, were negative in the
PCR procedure, indicating that there is no DNA homology
between these type IV pili (Table 1).

Correlation between PCR positivity and longus expression.
To correlate the presence of lngA by PCR with longus expres-
sion, whole-cell extracts of all PCR lngA-positive strains were
subjected to immunoblotting using anti-longus antibodies. Fig-
ure 2 depicts the reactivity of anti-longus serum with some
PCR-positive and PCR-negative ETEC isolates. Only those
strains that showed the 0.63-kbp PCR product produced the
22-kDa pilin subunit (Fig. 2). Except for five PCR-positive
isolates (M111C5, D19C1, D56C1, BD11, and E379a) that
tested negative by immunoblotting, the lngA-based PCR pro-
cedure was in complete agreement with expression of longus.

FIG. 1. Amplification of lngA in ETEC strains. (A) Ethidium bromide-
stained agarose gel of lngA PCR-amplified products from prototype ETEC
strains using the primers JG1 and JG2. Lanes: 1, 1-kbp ladder; 2, E9034A; 3,
E9034P (negative control); 4, B2C; 5, M633C1; 6, M447-C4; 7, H10407A (neg-
ative control); 8, B7A; 9, M415C1, 10, M111C5; 11, M452C1; 12, E34420A; 13,
Z128-6; 14, V. cholerae O395 (negative control). (B) Amplification of lngA in
clinical isolates from various countries. Lane 1, D117-5; 2, D56C1; 3, 11381a; 4,
BD1; 5, BD2; 6, D226C1(2); 7, BD3; 8, BD4; 9, C117C2(2); 10, BD5; 11,
D89C2 (2); 12, 10001a; 13, 10154a. (2) denotes lack of amplification product.
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Failure to demonstrate longus in these isolates could be attrib-
uted to the employment of inadequate environmental growth
conditions or the lack of a genetic element involved in longus
regulation and synthesis. Although no differences in size was
noted in the PCR products, differences in molecular mass were
apparent between the pilin subunits in some of the isolates
tested, suggesting heterogeneity among longus pili produced
by various ETEC. Amino acid changes within the pilus protein
might account for the differences in mobility in SDS-PAGE
gels. CFA III-producing ETEC that were PCR positive for
lngA also reacted with longus antiserum (Fig. 2; Table 1).

Presence of lngA in fresh clinical isolates. Among the 264 E.
coli isolates obtained from the 88 Mexican children with diar-
rhea, 82 (31%) harbored enterotoxin genes. Among these 82
ETEC strains, 30 (36.5%) of them contained lngA, as deter-
mined by PCR. These 30 isolates were found in 24 (27%) of
the 88 children studied. Taking into account that the children
were perhaps not all infected with ETEC, but were perhaps
infected with other bacterial, parasitic, or viral etiological
agents, the frequency of ETEC (in particular lngA-positive
ETEC) among these isolates is relevant. These 30 PCR lngA-
positive E. coli strains possessed either the ST and/or LT
genes, confirming the toxigenic nature of the strains. Eighteen
of them contained the LT gene only, 11 hybridized with the ST
and LT probes, and only 1 isolate contained the ST gene (data
not shown). This is not by any means an epidemiological study
of the burden of ETEC infection in the community. It is clear
that the lngA-based PCR alone will not detect all ETEC strains
in a particular study. Therefore, it will be necessary to include
detection of ST and LT genes by other assays. Nevertheless,
the procedure was useful for detecting ETEC harboring type
IV pilin genes.

DISCUSSION

In areas of the world where diarrheal infections are en-
demic, detection of virulence markers by means of molecular
probes, DNA amplification, and specific antibodies has been
widely used to identify bacterial pathogens in epidemiological
studies (1, 5, 10, 11, 14, 19, 24, 31). Several investigators have
utilized ELISA, dot blotting, DNA hybridization, and PCR
techniques to identify EPEC (8, 11, 16) and ETEC strains
producing enterotoxins and the known CFs (1, 5, 10, 19, 21, 24,
31). In this study, we have developed a PCR procedure based
on the identification of the nucleotide sequence encoding lngA,
a type IV pilus gene of ETEC (15). The primers amplified a
0.63-kbp amplicon which corresponds to the DNA sequence
encoding the mature pilus protein (;22 kDa). First, the pro-
cedure was tested against a collection of prototype ETEC

strains known to harbor lngA. All these strains amplified the
expected PCR product. None of the longus-negative ETEC
strains employed as negative controls showed the lngA product.
A subset of well-characterized ETEC strains isolated from
diarrheal patients in Bangladesh and Chile were also included
in the study, and some of them were shown by PCR to contain
lngA and, furthermore, to produce longus. Except for five iso-
lates (M111C5, D19C1, D56C1, BD11, and E379a) which were
positive by PCR and negative in immunoblots, the lngA-based
PCR procedure was in complete agreement with the expres-
sion of longus. Failure to demonstrate longus in these isolates
could be attributed to the employment of inadequate environ-
mental growth conditions or the lack of a genetic element
involved in longus regulation and synthesis.

Furthermore, a collection of non-ETEC E. coli, including a
K-12 strain, defined diarrheagenic E. coli strains such as EIEC,
EHEC, and EAEC, and several other bacterial enteropatho-
gens tested negative by the PCR procedure. Since longus
shares similarities with the type IV pilus family (9, 13), we
included V. cholerae and EPEC to further determine the spec-
ificity of the PCR. No PCR products were obtained in these
type IV pilus-producing organisms, confirming a lack of DNA
homology between longus, Bfp, and Tcp pilin genes (7, 9, 15).
However, ETEC strains bearing CFA III (also a type IV pilus)
were also detected by the PCR procedure, confirming the
reported DNA homologies between these pili (15, 29). It is
possible that some of these isolates previously identified as
CFA III positive may be in fact longus-producing ETEC, spe-
cially those belonging to serogroups other than O25 (21). In a
previous study, Gómez et al. showed that longus and CFA III
are immunologically cross-reactive (15).

In order to validate the use of the lngA-based PCR in clinical
epidemiological studies, we performed PCR in a collection of
264 E. coli strains isolated from children with diarrhea in the
City of Puebla, Mexico. Among the 264 E. coli strains tested,
82 (31%) were identified as ETEC strains, of which 30 (36.5%)
possessed lngA. These 30 strains were found in almost one-
third of the children studied, suggesting that ETEC is an im-
portant pathogen in children in this community. No data are
available in terms of the burden of ETEC disease for this part
of Mexico, and we cannot estimate the importance of ETEC
infections based on the PCR data because the collection of
ETEC strains was relatively small. Nevertheless, the data are
important considering that the frequency of CFA I and CFA II
among ETEC strains in several countries may vary between 25
and 40% (1, 6, 10, 18, 19, 23, 31). The scope of this paper was
to set up the basis for future epidemiological studies of the
burden of ETEC in childhood diarrhea through detection of
virulence genes by DNA amplification. Using an oligonucleo-
tide longus probe, the frequency of longus among ETEC iso-
lated from different regions of the world varied between 19 and
38% (10). In a different study in Bangladesh, using monoclonal
antibodies Qadri et al. detected longus in 61 of 667 (8.5%)
ETEC isolates obtained from diarrheal stools from children
and adults (25). Of the isolates, 50 were positive for other CFs
(61% for CFA II and 21% for CFA I), while 11 were negative
for any of the other eight CFs tested for. Thus, as for other
CFAs the frequency of longus among ETEC strains varies
depending on the geographic region of the world studied.

The lngA PCR-based detection of ETEC strains has several
advantages over DNA probing and hybridization techniques. It
may take 2 to 3 days to obtain results using DNA probes, while
PCR results are obtained in a few hours in the same day.
Moreover, unlike the DNA probe method, no preparation of
sample DNA is required in the PCR assay, as bacteria can be
directly used in the amplification assay. In fact, pools of lac-

FIG. 2. Analysis of whole-cell extracts of lngA-positive and-negative ETEC
strains by immunoblotting. Lanes: 1, BD1; 2, BD2; 3, C117C2 (2); 4, BD3; 5,
BD4; 6, BD5; 7, BD6; 8, D226C1 (2); 9, M145-C2 (2); 10, 11381a; 11, 10001a
(6); 12, 10154a; 13, 2998a (6); 14 H10407A (2); 15, BD6. Molecular mass
markers (in kilodaltons) are indicated by arrows. (2) denotes lack of reactivity,
and (6) indicates a weak reaction.

1770 GUTIÉRREZ-CÁZAREZ ET AL. J. CLIN. MICROBIOL.



tose-positive E. coli colonies from individual patients may be
employed.

In summary, the lngA-based PCR procedure described is
useful and specific in detecting ETEC harboring type IV pilus
(longus and CFA III) genes, and it may assist in the identifi-
cation of these ETEC strains in epidemiological studies in
most settings. It is obvious that the use of the lngA PCR
procedure alone as a screening test for ETEC in stool will not
detect longus-negative ETEC. Thus, this procedure should be
used in parallel with other assays to detect the most important
virulence factors of ETEC, namely LT and ST enterotoxins, as
well as the most common CFAs. Frankel et al. (5) described
the use of PCR to simultaneously amplify three virulence
genes in diarrheal stools. Thus, it may be possible to include
other ETEC virulence genes in the lngA PCR protocol to
detect ETEC directly in stools.
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12. Girón, J. A., J. G. Xu, C. González-Bonilla, D. Hone, J. B. Kaper, and M. M.
Levine. 1995. Simultaneous expression of CFA/I and CS3 colonization factor
antigens of enterotoxigenic Escherichia coli by aroC, aroD Salmonella typhi
vaccine strain CVD908. Vaccine 13:939–946.
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