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SUMMARY

We examined the association between socioeconomic status and the level of serum antibodies

to selected faeco-orally transmitted pathogens among Israeli adolescents. Random samples of
eighty volunteers aged 12—15 years from high (HSL), medium (MSL) and low (LSL) standard of
living towns were included in the study. Serum samples were examined by radioimmunoassay

for HAV and by in-house-developed ELISA systems for IgA and IgG antibody levels against
Shigella sonnei, S. flexneri, E. coli O157:H7 lipopolysacchride and Cryptosporidium parvum
antigens. Seropositivity to HAV was highest (98-8 %) in the LSL towns and lowest (25%) in

the HSL towns, showing a statistically significant linear trend. Antibody levels to the other
enteropathogens had gender variation, with higher titres in females. Significantly lower titres in
the HSL towns were found for: IgA anti-S. sonnei in females (P <0-001); IgG anti-S. sonnei in
females (P =0-024) and males (P=0-033); IgG anti-S. flexneri in females (P=0-016). Inverse
linear association with socioeconomic status was found for IgA anti-C. parvum in females
(P<0-001); IgA anti-E. coli O157:H7 in females (P <0-001) and males (P=0-024). A statistically
significant association between HAYV seropositivity and higher titres of IgA anti-S. sonnei and

E. coli O157:H7 was shown. In conclusion, exposure to enteropathogens transmitted via the
faecal-oral route in communities of lower socioeconomic status is reflected in a higher prevalence
of lifelong lasting antibodies to HAV, and higher levels of antibodies to bacterial and protozoan
enteropathogens. Among females, the levels of specific serum antibodies are higher and more
strongly associated with low socioeconomic status.

INTRODUCTION expected in populations of low socioeconomic status
usually characterized by low income, high crowded-
ness, and increased contact with young children.
The increased risk of exposure to such pathogens may
be reflected in a high prevalence of antibodies to these
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Most gastrointestinal pathogens are transmitted via
the faecal-oral route. High transmission rates can be
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Table 1. Socioeconomic characteristics and source of water supply of the three communities
Community HSL town MSL town LSL town
Total population (no. households) 5660 (1700) 20740 (5600) 22050 (3800)
% Households with >1 children <18 years old 52 59 82
Average housing crowdedness (person/room) 072 1-1 2:72
% With <9 years of schooling 3 20 58
% Households with father born in Asia or 20 60 n.r.
Africa
% Muslim 0 0-11 97
% In top 20 state income percentile 57 79 33

Water supply

Local drills

Coast drills +
National pipe system

National pipe
system

HSL, High standard of living; MSL, medium standard of living; LSL, low standard of living; n.r., Non-relevant data.

status and varies in different parts of the world as a
function of hygienic and sanitation factors [1, 2].

The association of other bacterial and protozoan
enteric pathogens with low socioeconomic status is
less established. A small study comparing Shigella
antibodies from representative groups of Costa Rican
and Swedish women suggested correlation with
socioeconomic status [3]. In Israel, Shigella lipopoly-
saccharide (LPS) antibodies in young adults were
associated with a low socioeconomic background [4].
Socioeconomic factors were important correlates of
early exposure to Cryptosporidium parvum and high
seroprevalence to the parasite in some studies [5, 6]
but not in others [7]. The association of Escherichia
coli O157:H7 with socioeconomic status is still not
established.

Although it is assumed that recurrent bacterial and
protozoan enteric infections will boost the immune
system against the homologous antigens maintaining
elicited levels of antibodies [8], it is not known how
comparable this would be with the lifelong antibody
response induced by HAV exposure. In this study, we
reassessed the association between low socioeconomic
status and seroprevalence of HAV antibodies in
teenagers living in three communities in Israel and
examined, in the same individuals, the antibody levels
to other faeco-orally transmitted pathogens, bacterial
and protozoan.

METHODS
Study population

The populations of three towns of different socio-
economic status served as sampling frame for the
study: a high standard of living (HSL) town; a
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middle-low standard of living (MSL) town; and a low
standard of living (LSL) Bedouin town. All three
towns were located in the south part of Israel within
20 miles of each other, and had similar geographical
characteristics (desert climate with hot dry summer
from June to September and a short mild rainy winter
from December to March). Although some inter-
actions between the populations of the three towns
occur (i.e. at work, market, hospital) they live separ-
ately, and attend separate schools.

Population and housing characteristics were
thoroughly investigated in 1995 by the Israeli Central
Bureau of Statistics. Socioeconomic status was
measured by: number of children in the household
(number of persons/room), percentage of people with
only primary education, and income. The MSL town
had a high percentage of residents of non-European
origin compared to the HSL town. Potable water was
supplied to the three towns by the same supplier
(Mekorot Company) using different sources but
following the same national policy of chlorination.
The supply to the HSL town, pipe water from a
local drill, was completely separate from the other
communities (Table 1).

At the time of recruitment (1996), the children of
the three towns were not vaccinated against hepatitis
A. Large-scale enteric disease outbreaks had not
been reported in any of the three town populations
preceding the initiation of the study.

Data and specimen collection

During the winter of 1996, in each of the three
communities, one investigator (O.A.) approached
~200 children in one representative school. For each
school, 1-2 classes (to cover ~ 50 children) from each
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of the cohorts studied in 6th, 7th, 8th, and 9th grades
(11-15 years old) were approached. Letters were
sent to parents and in >90 % both parental informed
consent and children’s assent were obtained. Thus,
the initial sample size comprised 526 children. For
each school (representing one community) we selected
for the serological study, using a randomization list,
80 children (20 per cohort from 6th, 7th, 8th, and 9th
grades) for analysis. Thus, a total of 240 samples
was the final sample size. Parents were asked to
complete questionnaires detailing demographic and
socioeconomic status.

Blood samples were collected and transferred
chilled to the Pediatric Infectious Disease Unit,
Soroka University Medical Centre where sera were
separated (3000 rpm, 15min) and kept frozen
(=70 °C). The sera were analysed for serological
markers of exposure to different enteric pathogens:
HAV, Shigella sonnei, Shigella flexneri, C. parvum and
E. coli O157:H7.

Laboratory procedures

HAV serology was performed at the virology labora-
tory of the Rambam Medical Center Hepatitis
Laboratory. Other serological tests were performed at
the Center for Vaccine Development and Evaluation,
Israel Defense Force (IDF).

HAY serology

Serological evaluation was performed using a
radioimmunoassay HAV kit (Abbott Laboratories,
Abbott Park, IL, USA). Qualitative results were
given for anti-HAV. Specimens with count rates
less than the cut-off values (one half the com-
bined negative control mean and positive control
mean) were considered positive for anti-HAV anti-
bodies.

S. sonnei, S. flexneri, E. coli O157 serology

ELISA was performed as previously described [9].
S. somnei, S. flexneri 2a and E. coli O157 LPS
extracted by the Westfal phenol-water method, were
used as antigens to coat the microtitre plates. Goat
anti-human IgG, IgA or IgM, conjugated to alkaline
phosphatase (Kirkegaard & Perry Laboratories,
Gaithersburg, MD, USA) were employed as second
antibodies. Control sera were included in each
microtitre plate. Adjusted optical densities (aOD),
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derived from a linear regression analysis of eight
doubling dilutions, were expressed as end-point titres
(at aOD=0-3), and geometric mean titres (GMTs)
were calculated.

When the identification of S. and S.
flexneri infection by stool culture served as gold
standard, the sensitivity and specificity of the
ELISA protocol for detection of S. sonnei LPS anti-
bodies were 90 and 100% respectively. The corre-
sponding figures for S. flexneri were 85 and 85%
respectively [9].

sonnei

C. parvum serology

ELISA was performed in polystyrene microtitre
plates (Costar, model 3590, Cambridge, MA, USA)
according to the method of Ungar et al. [10] with
some modifications [11]. Briefly, 100 ul of coating
buffer (0-05 m carbonate buffer, pH 9-6) containing
lysate of 10* calf oocysts after 20 freeze-thaw cycles
was added to each of 96 wells, and the plates were
incubated for 1h at 37°C. After removal of the
coating solution, the plates were incubated for 1 h at
37 °C with 0-05 M phosphate-buffered saline (PBS)
supplemented with casein and bovine serum albumin
(both at 5 g/1). The plates were then washed twice in
PBS-Tween-20 washing solution. Sera were diluted in
blocking buffer (1:25 for IgG and IgM, and 1:5 for
IgA) and added to the first line of wells in the micro-
titre plates. The sera were then double-diluted seven
times in blocking buffer and incubated overnight at
room temperature. After four further washings, goat
anti-human IgG, or IgA, or IgM conjugated to alka-
line phosphatase (Kirkegaard & Perry Laboratories),
was added to the wells. The plates were incubated
overnight at room temperature, washed and ELISA
was completed by the addition of the enzyme-
substrate solution containing p-nitrophenylphosphate
(1 mg/ml) in diethanolamine buffer at pH 9-8. The
reactions were stopped with 3 M NaOH and optical
density was read at 405 nm with an automatic ELISA
biokinetics EL340 reader (Bio-Tek Instruments,
Winooski, VT, USA). The consecutive serum samples
of each subject were tested within the same assay;
positive and negative control sera were included in
every microtitration plate in each of the assays. The
adjusted optical densities derived from a linear re-
gression analysis of eight doubling dilutions were
expressed as end-point titres (at aOD=0-3), and
GMTs were calculated. The sensitivity and specificity
of this assay was 95% [12].
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Table 2. Socioeconomic characteristics of the study subjects

HSL town MSL town LSL town
n Mean  (s.D.) n Mean  (s.D.) n Mean  (s.D.)
Age (years) 80 13-4 (1-2) 80 13-6 (1-2) 56 13-6 (1-4)
Children per family 76 33 (0-8) 79 42 (1-5) 40 97 (2-8)
Housing crowdedness (person/room) 71 0-8 0-3) 79 1-3 0-4) 40 2-5 (0-8)
Father’s years of schooling 73 157 (32 76 11-5 1-7) 35 53 (GR))]
Mother’s years of schooling 75 159 31 77 11-3 (2:6) 34 4-1 (4-6)
HSL, High standard of living; MSL, medium standard of living; LSL, low standard of living.
Table 3. HAV antibodies positivity rate by gender and community
HSL town MSL town LSL town
n HAV+ (%) n HAV+ (%) n HAV+ (%) P value
Male 50 14 (28-0) 39 28 (71-8) 35 34 71 <0-001
Female 30 6 (20-0) 41 31 (75:6) 45 45 (100) <0-001
Total 80 20 (25-:0) 80 59 (73-8) 80 79 (98-8) <0-001

HSL, High standard of living; MSL, medium standard of living; LSL, low standard of living.

Statistical analysis

Gender distribution among the HSL, MSL and LSL
towns was compared using the y* test. Differences
in age, children per family, housing density (person/
room), fathers and mothers years of education as well
as the In of antibody titres in these three groups
were tested using ANOVA and DUNCAN tests for
multiple comparisons. GMTs of antibodies against
the bacterial and protozoan antigens, in volunteers
who were positive and negative for hepatitis A,
were compared using ¢ test. Data were analysed with
SPSS version 11 software (SPSS Inc., Chicago,
IL, USA).

RESULTS
Study population

The socio-demographic characteristics of the partici-
pating children and their families in each community
(Table 2) showed no significant differences in age, as
anticipated by study design. In the HSL town group,
65% were males, compared with 49% in the MSL
town (49 %) and 44 % in the LSL town. Overall, the
socio-demographic characteristics of the children
participating in the study were consistent with data
collected during the 1995 census on the entire popu-
lations of the three towns. In the LSL town (all Arab
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Bedouins, born in Israel), there were more children
per family and more crowding, together with lower
parent education. In the HSL town there were fewer
children per family and less crowding, parents had
high school or university education and few house-
holds (26%) had a father of Asian (mainly Middle
East) or African (Mainly North Africa) origin. MSL
town characteristics were intermediate, with a high
(75%) percentage of the fathers born in Asia or
Africa.

Serological results

Serological results were analysed separately for males
and females.

Antibodies to HAV

The distribution of HAV seropositivity by gender and
community (Table 3) shows almost 100% sero-
positivity rate in the LSL town, and a low rate
(~25%) in the HSL town (statistically significant
linear trend). No significant differences were found
between males and females of the same community.

Antibodies to S. sonnei, S. flexneri, C. parvum,
E. coli O157:H7

Anti-S. sonnei LPS IgA levels in females were signifi-
cantly lower in the HSL town (P <0-001) than in the
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MSL and LSL towns. There was no significant dif-
ference with males. IgG levels were significantly lower
in the HSL town compared to the LSL town in females
and males (P=0-024 and P=0-033 respectively).

Anti-S. flexneri LPS IgA titres were similar in the
three groups. IgG titres were significantly lower in
the HSL town compared to the LSL town in females
(P=0-016) but not in males.

Anti-C. parvum IgA titres in females showed a lin-
ear trend, with lowest values in the HSL town and
highest values in the LSL town (P <0-001). IgA titres
for males and IgG titres for both sexes showed no
significant differences.

Anti-E. coli O157:H7 IgA titres showed a linear
trend in females, with lowest values in the HSL town
and highest values in the LSL town (P<0-001). In
males a similar significant trend was found (P =0-024)
but only IgA levels in the HSL town were significantly
different from the LSL town. IgG titres for both sexes
showed no significant differences among the three
communities.

Females showed a tendency for higher GMTs
for all antibodies tested than males (Table 4). This
was statistically significant for anti-C. parvum IgG
and anti-E. coli O157:H7 IgG in the HSL town; anti-
S. sonnei IgA, IgG, anti-C. parvum IgA, IgG, and anti-
E. coli O157:H7 IgA, IgG in the MSL town; and
anti-S. sonnei IgG, anti-C. parvum IgA and anti-E. coli
0O157:H7 1gG in the LSL town (Table 4).

A strong multi-collinearity was identified among
the variables composing the complex variable ‘town’
(children per household, crowdedness, father’s years
of schooling, mother’s years of schooling) which pre-
vented the performance of multiple regression analy-
sis. Nevertheless, when we included in the regression
analysis just two variables, ‘town’ and ‘number of
children in a household’, in more than half of the
comparisons the complex variable ‘town’ maintained
the statistically significant correlation with the level of
antibodies while in none of the comparisons ‘number
of children in household’ emerged as a significant
predictor of the level of antibodies.

Association of HAV seropositivity and antibody
response to the other pathogens

The association between HAYV seropositivity and
the level of serum antibodies to S. sonnei, S. flexneri,
C. parvum and E. coli O157:H7 was examined for the
HSL and MSL towns. In the LSL town, analysis
could not be carried out because all samples were
positive for HAV. In the HSL town, no statistically
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significant differences were found in the GMT levels
of S. sonnei, S. flexneri, C. parvum and E. coli
0O157:H7 anti-LPS IgG and IgA in HAV-positive
compared to HAV-negative subjects. The S. sonnei Ig
GMT was slightly higher in the HAV-positive than in
the HAV-negative group without reaching statistical
significance (GMTs 45 vs. 33, P=0-091). In children
of the MSL town, the IgA GMTs against S. sonnei
and E. coli O157:H7 LPS were significantly higher in
the HAV-positive group: 52 and 91 respectively, com-
pared to the HAV-negative one: 36 and 63 respect-
ively (P=0-021 and P=0-043 respectively). Anti-S.

fexneri LPS IgG levels were also slightly higher in the

HAV-positive than in the HAV-negative group,
without reaching statistical significance (P=0-099).

DISCUSSION

In this study we investigated in teenagers the associ-
ation between the socioeconomic status of the com-
munity, the seroprevalence of antibodies to HAV and
the level of serum antibodies to other faecco-orally
transmitted pathogens, including S. sonnei, S. flexneri,
C. parvum and E. coli O157:H7. The feature common
to these organisms is the low inoculum (a few hundred
cells) that may trigger disease. This biological
characteristic confers the enteropathogens with mul-
tiple ways of transmission such as person-to-person,
food-, water-, fly- and fomite-borne, which we
assumed would be more available in communities of
lower socioeconomic status.

The collection of data on the study population and
of serum samples was done in 1996. Serology for
hepatitis was performed a short time after the collec-
tion of sera while the other serological assays as well
as the analysis of data concerning all the various
antigens were conducted more recently. Since the
study deals with an aetiological question (the associ-
ation between socioeconomic status and the level of
serum antibodies to selected faeco-orally transmitted
pathogens) we do not feel that its findings and
message could be affected by the relatively long time
that elapsed from collection of data to publication.

To investigate a spectrum of socioeconomic levels
and standards of life we chose three geographically
adjacent communities representing high, middle
and low socioeconomic levels (HSL, MSL and LSL
towns). Thus, ‘town’ represented a complex variable
characterized by number of children per household,
crowdedness, father’s years of schooling, mother’s
years of schooling, etc. The study groups had similar
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Table 4. Geometric mean titres of IgA and IgG antibodies to Shigella sonnei, Shigella flexneri, Cryptosporidium
parvum and Escherichia coli O157:H7 in the three communities of different socioeconomic status

Female Male

Antibody Community (n) GMT D* (n) GMT D* P valuet

S. sonnei IgA HSL town (30) 30 A (50) 40 A 0-094
MSL town (41) 55 B (39) 40 A 0-020
LSL town (45) 70 B (35) 51 A 0-073
P value} <0-001 0-190

S. sonnei 1gG HSL town (30) 309 A (50) 259 A 0-113
MSL town (41) 374 AB (39) 294 AB 0-026
LSL town (45) 462 B (35) 337 B 0-026
P value} 0-024 0-033

S. flexneri IgA HSL town (30) 63 A (48) 65 A 0-860
MSL town (41) 62 A (39) 50 A 0-265
LSL town (45) 78 A (35) 54 A 0-076
P value} 0-294 0-397

S. flexneri 1gG HSL town (29) 619 A (50) 711 A 0-276
MSL town (41) 707 AB (39) 554 A 0-059
LSL town (45) 941 B (35) 697 A 0-081
P valuef 0-016 0-135

C. parvum TgA HSL town (30) 136 A (50) 130 A 0-831
MSL town (41) 212 B (39) 128 A 0-001
LSL town (45) 305 C (35) 175 A 0-002
P value} <0-001 0-208

C. parvum IgG HSL town (30) 1996 A (50) 1396 A 0-007
MSL town (41) 2032 A (39) 1301 A <0-001
LSL town (45) 1934 A (35) 1616 A 0-148
P value} 0916 0-127

E. coli O157:H7 IgA HSL town (30) 59 A (50) 57 A 0-879
MSL town (41) 98 B (38) 68 AB 0-020
LSL town (45) 110 C (35) 86 B 0-089
P valuei} <0-001 0-024

E. coli O157:H7 IgG HSL town (30) 571 A (50) 455 A 0-040
MSL town (41) 598 A (38) 455 A 0-018
LSL town (45) 728 A (35) 487 A 0-005
P valuei} 0-117 0-809

HSL, High standard of living; MSL, medium standard of living; LSL, low standard of living.
* Duncan different letters (A, B and C) stand for statistical differences among the three communities.

+ P value, ¢ test difference between genders.
i P value, ANOVA F test difference among communities.

socioeconomic characteristics as the community to
which they belonged. The ethnic origin of the three
communities differed, with most (80 %) of the house-
holds in the HSL town of European Jewish origin. In
the MSL town most (60 %) were Jews from African or
Asian origin and in the LSL town almost all were of
Arab ethnicity.

We could not control for ethnicity in the present
study. While in Israel ethnic origin is associated with
socioeconomic status, there is no evidence of an
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independent association between ethnicity and sero-
prevalence of antibodies to the various enteropatho-
gens. The Bedouin community of the LSL town had
also a higher risk of contact with domestic animals.
HAYV seroprevalence had a significant and linear
association with low socioeconomic status. Sero-
positivity rate ranged from 25% in the high-status
town to 99% in the low-status community, with no
difference between males and females. In Israel, HAV
was endemic before the introduction of universal
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immunization of toddlers in 1999 with high sero-
positivity in the adult population [1]. It has been
shown that low socioeconomic status was associated
with a higher prevalence of anti-HAV antibodies [13].
In a study conducted in Jewish males aged 25-44
years sibship size emerged as the strongest correlate of
anti-HAV antibodies [14].

Separate analysis for males and females revealed
significant differences between the study groups
regarding the levels of specific antibodies to the other
enteropathogens. Consistently, the antibody GMTs
in females were significantly higher than in males
and showed stronger inverse association with socio-
economic status. In females, significant differences in
the GMTs were detected for antibodies to all
enteropathogens with the exception of IgA antibodies
to S. flexneri, and IgG antibodies to C. parvum and
E. coli O157:H7. A ‘dose-response’ association
was found between the GMT of IgA antibodies to
C. parvum and to E. coli O157, and the socioeconomic
level of the communities. In males, only the
anti-S. sonnei IgG titres and the anti-E. coli O157 IgA
titre were significantly lower in the HSL community
compared with the LSL community.

The high levels of specific IgG antibodies reflect old
and new exposures and re-exposures to the various
enteropathogens studied while the high Ilevels of
specific IgA antibodies reflect mostly recent infection
with the homologous enteropathogen. It has been
shown that following natural infection, anti-S. sonnei
and S. flexneri LPS IgG antibodies remain elevated
for months and even years while IgA serum anti-
bodies return to pre-exposure levels much earlier, i.e.
after 2-3 months [9]. The level of S. sonnei and
S. flexneri LPS antibodies was found to be associated
with immunity against new infections caused by
homologous Shigella species [15].

Female gender was associated with higher GMTs of
antibodies to Shigella, E. coli O157 and C. parvum
antigens but not with the hepatitis A seropositivity.
We assume that a more vigorous immune response to
previous symptomatic and asymptomatic natural
infections with the corresponding bacterial and
protozoan organisms in females compared to males
may explain the difference between the two genders in
the levels of specific antibodies to the various
enteropathogens. This may also explain the stronger
inverse association of these antibodies with the
socioeconomic status found in females. A more
vigorous immune response in females is possibly
the reason for these findings rather than gender
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differences in exposure to the various enteropatho-
gens at the ages at which the subjects were examined.
While we are not aware of other reports on sex dif-
ferences in the immune response to bacterial antigens
following natural exposure, significantly higher levels
of 1gG antibody directed to rubella virus structural
proteins were observed in convalescent females com-
pared with males [16]. It has been also shown that
female young adults induced a more vigorous immune
response to vaccination with the live-attenuated
measles vaccine [17], although similar differences were
not shown in infants’ reactogenicity to the MMR
vaccine [18].

The levels of serum antibodies detected in the
subjects in this study reflect previous symptomatic
and asymptomatic infections with the various
enteropathogens that are more common in com-
munities of lower socioeconomic status. Israel is
highly endemic for shigellosis caused by S. sonnei and
S. flexneri [19-24] and the involvement of C. parvum
in diarrhoeal diseases in children in Israel has been
reported [11, 25]. There are, however, few reports on
E. coli O157 causing outbreaks of diarrhoea in Israel
[26] and the incidence rate of haemolytic—uraemic
syndrome is estimated to be lower in Israel compared
with other developed countries. We assume that the
major part of the antibodies to the LPS of E. coli
0157 detected in higher levels among the study
subjects of low socioeconomic status (with higher risk
of exposure to faecal material) are cross-reactive
antibodies elicited to LPS of other E. coli serotypes as
previously reported [27]. A high extent of exposure to
E. coli LPS cross-reacting with E. coli O157 LPS may
confer natural cross-immunity and explain, at least in
part, the low level of morbidity associated with E. coli
0157 in countries highly endemic to enteric infections
such as Israel.

The anti-S. sonnei and anti-E. coli O157 IgA levels
were significantly associated with HAV seropositivity,
indicating common routes of transmission for the
three enteric pathogens.

In conclusion, the findings of our study demon-
strate that the higher risk of exposure to entero-
pathogens transmitted via the faecal-oral route in
communities of low socioeconomic status is reflected
not only in a higher prevalence of lasting antibodies to
HAYV but also in higher antibody levels to bacterial
and protozoan enteropathogens spread by the same
route. In females, the levels of the specific serum
antibodies were higher and more strongly associated
with low socioeconomic status.
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