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SUMMARY

To determine whether or not occupational exposure to sewage is associated with
a higher seroprevalence of hepatitis A virus (HAV) infection, 600 sewage workers
in Singapore were tested for total (IgG and IgM) antibody to HAV by enzyme
immunoassay. Using logistic regression with stepwise procedure, the adjusted
seroprevalence of sewage workers was 2-2 times higher than that of another non-
occupationally exposed population group. Seroprevalence was significantly
correlated with age and educational levels, the association being independent of
the occupational association. The epidemiological data in the study show that
sewage workers have an increased occupational risk of acquiring HAV infection
and should be protected by active immunization.

INTRODUCTION

With the great improvements in environmental hygiene in Singapore during the
last two decades, the transmission of hepatitis A virus (HAV) infection has
declined sharply [1]. It is no longer an infection of children and adolescents
because < 1% of the population below 20 years of age possess IgG antibody to
HAV (anti-HAV) [2]. About 40% of the reported hepatitis A cases were imported,
mainly from Southeast Asia and the Indian sub-continent [3]. Both endemic and
epidemic transmission have been associated with the ingestion of imported bivalve
shellfish [4, 5].
With declining transmission of HAV infection and accompanying delay of

infection until adult life, some workers recommend active immunization of
children and young adults [6] while others recommend immunization for
selected populations at risk [7]. Until a policy is made on the mass immunization
of susceptible children, identification and immunization of high-risk groups
provide a practical option. One such group is sewage workers [8-14].
Here we report our findings on the seroprevalence of HAV infection of sewage

workers in Singapore and provide epidemiological evidence that occupational
exposure to sewage is significantly associated with a higher infection rate.
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MATERIALS AND METHODS

Study population
All categories ofunimmunized sewage workers who could have had contact with

sewage at any stage of its treatment from the raw form to the final effluent and
sludge, were encouraged to participate in the survey. Relevant epidemiological
information obtained at the time of blood collection included demographic data
(age, sex, ethnic group), employment history (previous employment, duration of
current job), terms of employment (i.e. whether daily-rated for manual workers,
or monthly-rated for technical/professional staff), food history (frequency and
types of bivalve shellfish consumed raw or partly cooked in the previous 3
months), medical history (history of hepatitis or other illness), and the highest
educational level attained (none, primary, secondary, pre-university or uni-
versity).
To compare the seroprevalence of sewage workers with that of a control group

not occupationally exposed to sewage, 453 unimmunized healthy adults attending
government out-patient clinics for routine health checks during the period
February-July 1993 were screened after consent had been obtained. Information
on demography and educational level of respondents was also obtained.

Test method
Blood was despatched at the end of each day's collection to the Department of

Pathology, Singapore General Hospital. The sera were separated, transferred to
polypropylene tubes, and stored in the freezer at -20 °C before being tested in
batches. Specimens were tested by enzyme immunoassay (EIA) for the qualitative
detection of total (IgG and IgM) antibody to HAV. The Abbott Laboratories
assay was used and carried out according to the manufacturer's instructions, using
the Abbott COMMANDER Parallel Processing Center (PPC). In this procedure,
beads coated with HAV were incubated with the samples (undiluted test sera, and
positive and negative control sera) and anti-HAV conjugated with horseradish
peroxidase (HRPO). Anti-HAV present in test or positive control sera competed
with the conjugated anti-HAV for the limited number of binding sites on the
beads. Unbound material was removed by washing the beads, which were then
incubated with o-phenylenediamine (OPD) substrate solution containing hy-
drogen peroxide. The intensity of colour resulting from the reaction between OPD
and HRPO was inversely proportional to the amount of anti-HAV present in the
sample. The enzyme reaction was stopped by adding IN sulphuric acid and the
intensity of colour read by a spectrophotometer in the PPC, set at 492 nm. The
presence (positive) or absence (negative) of anti-HAV in the test sera was
determined by comparing the absorbance value of the test sample to a cut-off
value, calculated automatically by the PPC from the negative and positive control
absorbance values.

Statistical analysis
For statistical tests, differences in proportions observed were initially compared

by x2 test using Yates continuity correction and probability (P) values less than
005 were considered significant. To test for significance in differences in age-
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Table 1. Demographic characteristics and frequency distribution of antibody to
hepatitis A virus in sewage workers and control group

Sewage workers* Control group*
Demographic , _ A_ A___ _

characteristic + ve -ve No. + ve -ve No.

All 436 164 600 230 223 453

Sex
Male 416 154 570 77 76 153
Female 20 10 30 153 147 300

Age group
20-29 20 63 83 14 87 101
30-39 150 77 227 59 77 136
40-49 98 18 116 76 42 118
3 50 168 6 174 81 17 98

Ethnic group
Chinese 138 80 218 215 203 418
Malay 143 54 197 4 12 16
Indian 148 29 177 10 6 16
Others 7 1 8 1 2 3

Educational level
None 57 5 62 22 8 30
Primary 222 39 261 61 23 84
Secondary 96 56 152 92 100 192
Pre-university 21 14 35 39 41 80
University 40 50 90 16 51 67

* +ve, anti-HAV present; -ve, anti-HAV absent.

specific prevalence rates between sewage workers and the control population after
controlling for educational levels, the Mantel-Haenszel x2 test was used. To
determine whether or not the adjusted seroprevalence of sewage workers was
significantly raised, a logistic regression analysis was performed on the combined
sample of sewage workers and control population with the former as one of the
independent covariates. Other potentially confounding covariates included in the
regression model were age, sex, ethnic group, past medical history, and educational
level. Stepwise procedure (forward and backward) by adding categories of
variables one by one to the model and selecting those that maximize the fit was
carried out. Similarly, to identify factors associated with increased seroprevalence,
the same procedure was carried out on the subsample of sewage workers with
inclusion of additional independent covariates such as terms of employment and
duration of employment of current job into the model. Statistical analyses were
performed using the microcomputer-based Statistical Analysis System (SAS)
software.

RESULTS

Descriptive data
A total of 600 individuals, 77% of the sewage workers deployed in all the sewage

treatment plants in Singapore, was surveyed between November 1992 and
January 1993. Of the sewage workers tested, 436 (72-7 %) were positive for anti-
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Table 2. Age-specific prevalence of antibody to hepatitis A virus among sewage
workers and control population, Singapore

Number positive/number tested (%)

Age-group
20-29
30-39
40-49
3 50

(a) vs. (b)*

Sewage Control
workers (a) population (b) Odds (95% CIt) P
n = 600 n = 453 ratio value

20/83 (24 1) 14/101 (139) 1-5 (0-6-34) nst
150/227 (66 1) 59/136 (43 4) 2 4 (1P5-3 9) < 0-01
98/116(845) 76/118(644) 23 (1 1-46) 0-02
168/174 (96 6) 81/98 (82 7) 6 1 (2 3-16-2) < 0 01

* Mantel-Haenszel x2 test after controlling for educational level.
t Confidence intervals.
I ns P > 005.

Table 3. Univariate analysis* of seroprevalence of antibody to hepatitis A virus in
600 sewage workers

Variable
Sex
Male
Female

Age
< 40 years
3 40 years

Ethnic group
Chinese
Malay
Indian

Educational level
None
Primary
Secondary
Pre-university
University

Medical history
Yes
No

Duration on current job
< 10 years
10-19 years
3 20 years

Terms of employment
Daily-rated
Monthly-rated

Shellfish consumption§
Yes
No

No. positive/
no. tested (%)

416/570 (73 0)
20/30 (66 7)

170/310 (54 8)
266/290 (91-7)

138/218 (63 3)
143/197 (72-6)
148/177 (83 6)

57/62 (91-9)
222/261 (85 1)
96/152 (63 2)
21/35 (60 0)
40/90 (44 4)

106/117 (906)
330/483 (68 3)

79/161 (49 1)
187/258 (72 5)
170/181 (93*9)

272/322 (84*5)
164/278 (59-0)

32/55 (58 2)
404/545 (74.1)

p
value

nst

< 0-0001

ns
< 0-0001

< 0-0001
< 0-0001
0007
ns

< 0-0001

< 0-0001
< 0-0001

< 0-0001

Odds
ratio

1 4
1

1
91

1
1.5
30

14-3
741
2-1
19
1

4.5
1

1
2-7

16-0

38
1

not applicable-

* x2 test using Yates continuity correction.
t Confidence intervals.
t ns P > 005.
§ History of consumption of raw or partly cooked shellfish in the previous three months.

(95% CIt)

(0-6-3 1)

(5-6-15 1)

(1-0-2-4)
(1-8-4-9)

(4*9-44 8)
(4 0-12 6)
(1-2-3-8)
(08-45)

(2-3-9-1)

(1-8-4-2)
(78-338)

(25-57)

124



Hepatitis A in Singapore sewage workers 125

Table 4. Variables significantly associated* with the presence of antibody to
hepatitis A virus among sewage workers and control population in Singapore

Regression Odds P
Variable coefficient ratio (95% Clt) value

Age group
30-39 1 73 5 7 (36-8 9) < 0-0001
40-49 260 134 (81-223) <0-0001
3 50 354 346 (189-63 1) < 00001
[20-29]t

Ethnic group
Indian 0 62 1.9 (1 1-3 1) 0 02
[Chinese] t

Highest educational level attained
None and primary 1 31 3 7 (2 3-6 0) < 0 0001
Secondary and pre-university 0 64 1.9 (122-29) 0-004
[University]t

Occupational group
Sewage workers 0 79 2-2 (16-3 1) < 0-0001
[Control population]$

* P < 0 05 by logistic regression using stepwise procedure.
t Confidence intervals.
$ [ ] reference category (see Tables 2, 3).

HAV, compared with 230 (50-8%) of the control population. The demographic
profile and frequency distribution of anti-HAV in the two groups are shown in
Table 1. Three sewage workers were admitted to hospital for acute hepatitis A
after they had worked in the sewage treatment plants for between 5 and 22 years.

Univariate analysis
As expected, the antibody prevalence increased progressively from 24 1 % in

persons aged 20-29 years, to 66 1, 84-5 and 96-6% in those aged 30-39, 40-49 and
50+ years, respectively. Compared with the control population, the rates were
significantly higher in those aged 30-39, 40-49 and 50 + years after controlling for
educational levels (Table 2). Table 3 shows that among sewage workers, anti-HAV
prevalence rates were significantly higher in Indians compared with Malays or
Chinese; those with either no or primary education compared with those with
higher education; those with positive medical history of illness compared with
those without; those who worked for more than 10 years compared with those less
than 10 years; and those who were daily rated compared with those who were

monthly rated. However, seroprevalence was not associated with consumption of
raw or partly cooked shellfish in the previous 3 months.

Logistic regression analysis
Results of logistic regression using stepwise procedure showed that the adjusted

seroprevalence of sewage workers was 2-2 times higher than that of the control
population (95% CI, 1-6-3- 1) (Table 4). Among the sewage workers, two variables,
i.e. increasing age and lower educational levels, were significantly associated with

elevated seroprevalence (Table 5). However, age seemed to be a more important
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Table 5. Variables significantly associated* with the presence of antibody to
hepatitis A virus among 600 sewage workers in Singapore

Regression Odds P
Variable coefficient ratio (95% CIt) value

Age group
30-39 1P86 6-4 (35-11P6) < 0-0001
40-49 2-80 16-4 (7 8-34 3) < 0-0001
3 50 4-11 61-0 (23)-0161P9) < 0-0001
[20-29]t

Highest educational level attained
None and primary 1-63 5.1 (2 8-9 2) < 010001
Secondary and pre-university 0-88 2-4 (1P4-4-3) 0003
[University]t

* P < 0 05 by logistic regression using stepwise procedure.
t Confidence intervals.
I [ ] reference category.

determinant than educational level as the regression coefficient for the former was
higher (1864-1 1) than the latter (0-88-1P63).

DISCUSSION

In view of the nature of the work, sewage workers are thought to be at risk of
HAV infection and were recommended for active immunization when hepatitis A
vaccine became commercially available [8, 11]. However, the recommendation
was made based on theoretical considerations without sound supporting
epidemiological data [15-17]. Only one published study by Poole and Shakespeare
[8] reported a higher seroprevalence among sewage workers. However it was based
on a population of only 40 individuals and the effect of confounders such as age
[18-26] and socio-economic status [19, 24, 27, 28] was not considered when
compared with the control population. Others have doubted the significance of
data presented [16].
We have overcome the problems of such a small cross-sectional study by using

a larger study population and logistic regression analyses to eliminate the
confounding effect of extraneous factors. To our knowledge, our study is the first
extensive survey carried out. We need not resort to prospective study to
demonstrate conclusively whether or not sewage workers have a higher
occupational risk of acquiring HAV infection. Based on univariate analysis, a
number of factors were found to be significantly associated with higher
seroprevalence; viz. age, educational level, ethnic group, past medical history of
illness, duration of employment and terms of employment. In our series, sewage
workers of Indian ethnic group were observed to be older, daily-rated, had been
in the service for more than 10 years, of lower educational level and had a higher
frequency of medical illness. By controlling for educational level alone, the age-
specific prevalence of sewage workers over 30 years of age was significantly higher
than that of the control population. After controlling for a series of potential
confounders by logistic regression using stepwise procedure, the adjusted
seroprevalence of sewage workers was still more than twice that of the control
population. Only two variables were significantly associated with the presence of
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anti-HAV among sewage workers independent of the occupational association; i.e.
age, reflecting a cohort effect, and educational level. The inverse 'dose-response'
association with educational levels, used here as a measure of socioeconomic
status, relates to lower standards of hygiene among those with lower educational
levels. These are the very individuals employed in manual jobs with accompanying
greater exposure to sewage than the higher educated employees who were more
likely to do office jobs.

Unlike childhood HAV infection, which is often asymptomatic or subelinical
[29-34], adult infection is more severe with case-fatality rates of 0-02-1-5% [35].
More than three-quarters of our sewage workers < 30 years of age were not
immune and are at risk of HAV infection. Our study showed that 0-5% of the
workers contracted acute hepatitis A during the course of their work and had to
be hospitalized. The true incidence may well be higher, as infected workers could
have presented with non-specific clinical signs and symptoms or misdiagnosed for
other diseases, because serological tests for the confirmation of acute hepatitis A
was not routinely available prior to 1984.
Sewage workers are required to work in harsh and dirty conditions. As such,

they are educated on the risk of transmission ofHAV infection and advised to take
appropriate precautionary measures. In practice, however, it is extremely difficult
to maintain absolute hygienic working practices and avoid accidental ingestion of
sewage. The key to prevention of occupationally acquired HAV infection and
outbreaks [36] among sewage workers is active immunization. The HAV vaccine
is safe and protective for at least 10 years, if not for life [37]. Based on our
epidemiological data, we have decided to immunize all seronegative sewage
workers against HAV. All new recruits will also be routinely serologically tested
for HAV infection and those found to be non-immune are advised to be
immunized.
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