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Infection caused by enterotoxigenic Escherichia coli (ETEC) poses a significant health problem in children
and adults residing in endemic developing countries. Acute and convalescent paired stool and serum
samples were obtained from 27 US military personnel with ETEC-induced diarrhea during a military exercise
in Egypt. In general, the concentration of total fecal and circulatory anti-LT IgA was significantly increased in
convalescent specimens than in the paired acute ones in almost 65 % of the cases. The pattern of specific
antibody responses in fecal and serum samples from cases with ETEC expressing the antigens coli surface 1
(CS1), CS2, CS3 and CS6 were, on the other hand, not conclusive due to the small numbers of the study
cases. Further research is still required to understand the immunologic responses during the natural course
of disease. The data obtained, nevertheless, may help current research efforts on the development of
vaccines for humans against ETEC infection.

iarrhea i1s the most frequent medical
Dproblem among travelers from

industrialized  countries  visiting
tropical and subtropical areas. The most
common cause of traveler’s diarrhea (TD) is
enterotoxigenic Escherichia coli (ETEC).
ETEC-induced diarrhea is also an important
illness  for  military  personnel  from
industrialized countries when they are
deployed to less developed regions, affecting
their performance’ (Sanchez et al, 199§;
Oyofo et al., 1995; Echeverria et al., 1979;
Haberberger et al., 1991).

ETEC 1is a non-invasive organism that
colonizes and adheres to the mucosal
epithelial cells of the host’s small intestine
through binding proteins called colonization
factor antigens (CFA). Once established
within its host, ETEC secretes a heat-labile
toxin (LT) and/or a heat-stable toxin (ST).
These enterotoxins interact with intestinal
mucosal cells, thereby causing an electrolyte

imbalance leading to a secretory diarrhea
(Cassels and Wolf, 1995). LT toxin, but not
ST, is an immunogen and is antigenically
similar to the cholera toxin B-subunit (CT-B;
Nataro and Kaper 1998).

In developing countries, preventive or
control measures against ETEC infections are
still insufficient. Diarrhea still affects 20% to
50% of travelers to developing countries
(Steffen 1986). In addition, empirical
antibiotic  treatment of diarrhea may
contribute to the emergence of resistant
bacterial strains (Engberg et al., 2001)
Therefore vaccine development against ETEC
infection is urgently needed.

As ETEC was shown to induce an immune
response following natural ETEC infection
(Levine et al.,, 1979), efforts to produce a
vaccine have focused on the induction of a
protective immunity that would block the
adherence of ETEC to the intestinal mucosa
and thus prevent diarrhea. Several studies
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have shown anti-CFA and antitoxin antibodies
to be produced during the course of a natural
infection (Stoll et al., 1986), by active
immunization (Jertborn et al., 2001; Qadri et
al., 2000 and Tacket et al., 1994) or by
passive immunization (Oyofo et al., 1995).
CFA/I, CFA/II (which encompass the
antigens coli surface 1[{CS1], CS2 and CS3)
and CFA/IV (CS4, CS5 and CS6) constitute
the majority of CFA- identified ETEC strains
isolated around the world (Wolf 1997), and
together with LT, have been targeted as
important antigens in the development of an
ETEC vaccine.

Clinical field trials performed in Sweden
(Jertborn et al., 1998 and 2001), Bangladesh
(Wenneras et al., 1999 and Qadri et al., 2000),
Egypt (Savarino et al., 1999 and 2002 and
Hall et al.,, 2001) and Israel (Cohen et al.,
2000) have demonstrated that the ETEC
vaccine developed by the Swedish Biological
Laboratories (SBL) was well tolerated in
adults, children and toddlers. The vaccine was
shown to elicit specific immunoglobulin (Ig)
A antibody-secreting cells (ASCs) to all CFAs
included in the vaccine. Nevertheless, the
vaccine was of low efficacy and failed to elicit
significant protection against non-severe
ETEC diarrhea (Clemens at al., 2004).

A few studies have described the course of
the host immune response against natural
ETEC immunogenic molecules following
natural  bacterial  infection of naive
populations (Jertborn et al., 1990 and Estrada-
Garcia et al., 2002). Understanding the nature
and extent of such immune responses is
necessary for developing an efficient ETEC
vaccine.

In this report, we describe specific
intestinal secretory IgA (s-IgA) antibodies and
serum IgA and IgG antibody levels to ETEC
LT-B, CSI, CS2, CS3 and CS6 fimbrial
antigens as they were the most common
antigens observed in ETEC strains recovered
from diarrheal cases among U.S. military
personnel who were participating in a

Intestinal and systemic ETEC antibodies in adults

multinational ~ joint  military  exercise,
Operation Bright Star, performed in the
northwestern Egyptian desert (Sanders et al.,
2005).

Materials and Methods
Subjects

A total of 129 military personnel suffering from
diarrhea were enrolled during a surveillance period
(September-November, 2001) conducted during
Operation Bright Star multinational military exercise.
The enrollees were presenting with diarrhea to one of
two field medical clinics. A stool sample and blood
specimens were obtained at enrollment (acute) and five
to nine days thereafter (convalescent; Sanders et al.,
2005). This study was approved by the Scientific
Review Board and the Institutional Review Board of
the U.S. Naval Medical Research Unit No. 3
(NAMRU-3), Cairo, Egypt (DOD# 31902).

Specimens

For bacterial testing, stool samples were inoculated into
Cary-Blair (CB) transport medium and stored in a cool
box. For the evaluation of immune responses, stool and
serum specimens were collected from each patient and
stored on dry ice. The samples were transferred twice
weekly to the laboratory at the U.S. NAMRU-3 located
approximately 140 miles southeast of the field clinics.

Microbiologic work-ups

Stool specimens were subjected to microbiologic
analysis using standard laboratory procedures for the
isolation and identification of enteric bacterial
pathogens (Sanders et al., 2005). In addition, five
individual lactose-fermenting E. coli like-colonies were
tested for LT and/or ST production by both indirect and
inhibition GM, enzyme-linked immunosorbent assay
(ELISA; Svennerholm and Wiklund, 1983 and Sanchez
et al., 1990). Toxin-producing bacterial isolates were
further tested for the presence of CFA and CS antigens
by a colony dot-blot assay using a panel of specific
monoclonal antibodies to CFA/I, CS1-CS8, CSI12,
CS14 and CS17 (Binsztein et al., 1991 and Viboud et
al., 1993). ETEC monoclonal antibody reagents were
kindly donated by Professor AM Svennerholm,
Goteborg University, Sweden

Extraction of immunoglobulins from stool

Fecal IgA was extracted from frozen stool samples
according to Ahren et al., 1998. Briefly, approximately
1 gram of stool was added to 2 ml of extraction buffer
containing a proteolytic enzyme inhibitors; trypsin
soybean inhibitor (200 pg/ml) and phenyl methyl
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sulfonyl fluoride (3.5 mg/ml) followed by vortexing for
1 min. The mixture was then placed on ice for 20 min
with intermittent shaking followed by centrifugation at
20,000 x g for 30 min at 4°C. The supernatant was
collected, aliquoted into cryotubes and stored at -70°C
until testing for total and antigen-specific IgA
antibodies.

Determination of total Ig and specific antibody
isotypes

Total fecal IgA contents were determined by a
modified microplate ELISA format using human
colostral IgA reference (Sigma Chemical Co., St.
Louis, Mo.) as a standard (Ahren et al., 1993; 1998).
ELISA-detected specific serum IgA and IgG isotypes
and fecal sIgA antibodies was performed using purified
CS1, CS2, CS3 and CS6 (SBL vaccine, pharmaceutical
Co, Stockholm, Sweden) as the solid phase antigens
(Ahren et al., 1993). Antibodies against LT-CTB
(Sigma, St. Louis, MO) were identified by a GMI
ganglioside-ELISA (Jertborn et al., 1998). In the
microtiter plates, samples were three-fold serially
diluted and the endpoint titers were determined as the
reciprocal interpolated dilutions of the test samples
giving an Auso of 0.4 above background level. Acute
and convalescent samples obtained from each volunteer
were always tested side by side. The antibody titer
ascribed to each sample represented the geometric
mean of duplicate determinations performed on
different days. Seroconversion is defined as a two-fold
or more increase in convalescent intestinal or systemic
IgA or IgG endpoint titer than antibodies detected in
acute samples.
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All data was double entered into Epi-info version 6
and analyzed using SAS 6.12 (SAS, Cary, North
Carolina). All data was analyzed using paired /-test.

Results

Of the 129 military personnel suffering from
diarrhea, 86 were active duty Army personnel,
of whom 67 were males (age arithmetic mean
= 30.1 years). ETEC was the most commonly
identified pathogen among 52 US enrollees
(40%; with 56 ETEC isolates) training in the
western desert of Egypt.

A total of 54 fecal specimens and 52 serum
samples were obtained from 27 cases with
ETEC diarrhea during acute and convalescent
stages of the disease. The specimens were
tested for the presence of specific humoral
immune responses against ETEC virulence
factors, namely LT-B, CS1, CS2, CS3 or CS6.
In the evaluation of serum specific IgA and
IgG and intestinal specific s-IgA antibodies
(Abs) against homologous antigenic stimuli
encountered during the course of a natural
ETEC infection, samples in which the
duration between acute and convalescent
specimen was less than 4 days were excluded.
Similarly, samples in which a bacterial or
viral co-pathogen was identified were not
included in this analysis (Table 1).

Table 1. Number of Enterotoxigenic E. coli diarrheal cases, from which fecal and serum specimens were collected

during Operation Bright Star 2001

Duration between acute and convalescent samples

Less than four days More than or equal four days Total
LT-B 5 22* 27
Cs1 1 1 2
CSs2 1 3
CS3 2 3 5
CS6 2 5 7

*Twenty-one paired serum specimens were collected from 22 cases with ETEC producing LT-B and 4 paired serum specimens for

CS6 expressing cases out of 5 cases.
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Total s-IgA antibody levels

In ETEC diarrheal patients (n=22), the median
value for the total s-IgA concentration
detected in fecal extracts (FE) of acute and
convalescent samples were 256 pg/ml (range
10-2313) and 517 pg/ml (range 15-2106),
respectively. In 65% of the patients, the s-IgA
concentration was statistically significant
more than 3-fold higher in the convalescent
(797 pg/ml; range 21-2106) than in the acute
stage (256 pg/ml; range 10-1556) of the
disease (p=0.002). For the remaining 35 % of
the cases, acute s-IgA levels (353 pg/ml;
range 64-1608) were almost 2-fold those of
the paired convalescent samples (174 pg/ml;
range 15-1154) (p=0.04).

For those cases that did not express any
detectable CFA (n=17), no difference was
observed in the median value of total s-IgA
concentration between acute (264 pg/ml;
range 11-2303) and convalescent (397 pg/ml;
rangel 1-1909)  specimens. For patients
shedding CFA- expressing ETEC (n=10), the
median of total s-IgA concentration was 231
pg/ml (range 10-2313) in the acute and 850
ug/ml (range 47-2106) in the convalescent
specimens.

For LT-ETEC cases associated with CFA
or ST (n= 12), a difference was observed in
the median value of total s-IgA concentration
between acute (228 pg/ml; rangel16-2313) and
convalescent (517 upg/ml; range 13-1571)
specimens. For patients expressing LT-ETEC
only (n= 10), there was no significant
difference between the median total s-IgA
concentration of acute (309 pg/ml; range 11-
1557) in the acute and convalescent
specimens (339 pg/ml; range 11-1901).
Antibodies were detected in 50% and 36% of
acute and convalescent specimens,
respectively.

Intestinal and systemic ETEC antibodies in adults

LT-B specific antibody responses
Intestinal immune response

Overall, the specific s-IgA Abs against LT-B
cases were detected in 50 % and 36 % of the
cases during the acute and convalescent form
of the disease, respectively (Table 2). s-IgA
conversion was observed in 27 % of the cases
(Table 3).

Systemic immune response

IgA and IgG Abs were detected in 24% and
57% of acute samples from cases infected
with  LT-associated ETEC, respectively.
While in the convalescent samples, the
specific IgA and IgG Abs were identified in
33% and 71% of the cases, respectively
(Table 2). Thirty three percent and 38 % of
the cases had both IgA and IgG Ab
conversion respectively (Table 3).

A correlation between intestinal s-IgA and
systemic IgA anti-LT antibody levels was
performed (Figure 1). Thirty percent of the
ETEC cases (n=10) displayed seroconversion
for two isotypes, while 4/10 cases (40%) had
the seroconversion for only one isotype.

CFA-based antibody response
Intestinal immune response

Specific s-IgA Abs to CS3 were detected in
paired acute and convalescent samples from
the three CS3-expressing ETEC cases. s-IgA
Ab against CS2 was detected in the two cases
expressing CS2 positive bacteria. No s-IgA
Abs to CS1 and CS6 were detected in either
the acute or convalescent phases of patients
shedding CS1- or CS6-expressing ETEC
(Table 2).

Systemic immune response

Serum IgA and IgG Abs against ETEC-CS3
were detected in paired acute and
convalescent specimens of the two CS3-
positive ETEC cases (Table 2).
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Table 2. Fecal s-IgA, serum IgA and IgG antibody responses to LT-B toxin and ETEC colonization factor antigens
producers during acute and convalescent stages of natural infection.

Number of samples with positive antibody response against
ETEC toxin and colonization factors (%)

LT-B Cs1 CS2 CS3 CS6
(n=22)* (n=1) (n=2) (n=3) (n=5)*
Fecal s-IgA
Acute phase 11 (50%) 0 (0%) 0 (0%) 3 (100%) 0 (0%)
Convalescent phase 8 (36%) 0 (0%) 2 (100%) 3 (100%) 0 (0%)
Serum-IgA
Acute phase 5 (23.8%) 0 (0%) 2 (100%) 2 (67%) 0 (0%)
Convalescent phase 7 (33.3%) 0 (0%) 2 (100%) 2 (67%) 0 (0%)
Serum-1gG
Acute phase 12 (57%) 0 (0%) 2 (100%) 0 (0%) 0 (0%)
Convalescent phase 15 (71.4%) 0 (0%) 2 (100%) 1 (33%) 1 (20%)

“Twenty-one paired serum specimens were collected from 22 cases with ETEC producing LT-B and 4 paired serum specimens for
ETEC expressing CS6 cases out of 5 cases.

Table 3. Magnitude of humoral immune responses in convalescent serum and fecal extract samples to ETEC LT and
CS from patients with natural ETEC infection

Fecal Extract Serum Samples
s-1gA IgA IgG

Responders™ R” Responders R Responders R

LT (n=22) 6 : 8551,84' 7 iy 26, 7 4,3,12,14,85,3and 3
31 and 37 60, 68 and 3

CS1 (n=1) 0 - 0 - 0 -
CS2 (n=2) 2 113 and 3 1 3 0 -
CS3 (n=3) 3 9,240 and 2 2 4and 3 2 2and 2
CS6 (n=5) 0 - 0 - 0 n

*Responders are volunteers with higher antibodies level in convalescent samples than in acute samples with at least 2-fold.
** R: Ratio of specific antibody titer in convalescent sample / specific antibody titer in acute sample.




