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Abstract

This meta-analysis, which is based on a previously published systematic review, aims to contribute to the scientific discussion on
hepatitis B virus (HBV) infection in workers who are exposed to domestic and healthcare wastes. Publications were sought which
had been made available on the data used by December 2013 and updated to December 2016. The quality of the included studies
was assessed according to the guidelines of Loney et al. for the critical appraisal of studies on the prevalence or incidence of a
health problem. To verify the presence of heterogeneity between the papers, we used the Chi-squared test based on a Q statistic. A
funnel plot was used to test for publication bias. All included studies had across-sectional study design. The association between
exposure to waste and positive serology for the HBV surface antigen (HBsAg) showed a significant association [odds ratio (OR)
1.89, 95% confidence interval (CI) 1.27-2.86; p = 0.0019]. The prevalence rates of HBsAg and anti-HBc seropositivity was
0.04 (95% CI1 0.03-0.05) and 0.21 (95% CI 0.14-0.28), respectively (p <0.0001). We found no evidence of publication bias. The
results of this meta-analysis indicate a statistically significant association between exposure to solid waste, whether healthcare or
domestic, and positive HBV infection markers. Therefore, the working conditions of waste collectors should be analyzed more
closely. Immunization against HBV is recommended as the chief preventive measure for all solid waste workers.
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INTRODUCTION

Workers involved in the collection, transport, and disposal
of' urban waste are in physical contact with waste materials and,
because of this, are exposed to biological, chemical, and physical
risks to their health. Many countries, in particular developing
countries, still adopt a rudimentary waste collection systems, and
waste collectors are at increased risk because of this precarious
systems. Occupational hazards include various pathogens such
as bacteria, fungi, viruses and parasites, toxic chemicals, and
also factors such as excess noise, exposure to sunlight, and
muscle strains. A particular risk is injury by infected sharps!'=.

It has been estimated that accidents involving sharps cause
a worldwide total of approximately 66,000 and 16,000 cases of
hepatitis B virus (HBV) and hepatitis C virus (HCV) infections,
respectively, per year*>,

Hepatitis B virus may be found in body secretions and
excreta. The virus shows environmental persistence, and a
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very small dosage is sufficient to cause infection®. Workers
collecting solid wastes can be at risk of HBV infection due to
the characteristics of the wastes.

Two literature reviews have been published on this subject’®,
but differences were found between the papers included in those
reviews in comparison with this present meta-analysis paper,
in particular because of the number and quality of the included
papers. Four cross-sectional studies corresponded to the articles
selected in this meta-analysis®'2. Only few systematic reviews
were found on HBV infection associated with the collection of
solid wastes, whether domestic or healthcare waste. The present
review seeks to fill that gap. The aim of this meta-analysis was
to contribute to the scientific discussion on HBV infection in
workers who collect solid wastes, with a focus on the similarities
between risks of exposure to domestic and healthcare waste.

METHODS

Search strategy

The details of the search strategy that was used by the
literature review which was the basis for this meta-analysis
have been published previously'®. Publications were sought
which were available by December 2013 on the data banks
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used, and updated until December 2016 to cover recent scientific
publications. We used pairs of search terms (one referring to
hepatitis B and the other to occupational exposure to waste),
together with the number of articles elicited by each pair, to
conducted the searches, as published previously'.

All methods followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines'.

Outcomes

Odds ratios (OR) with 95% confidence intervals (CI) and the
prevalence of HBV infection were used as summary measures
in all meta-analyses.

Study selection

Publications in English, Italian, Portuguese, and Spanish
were considered eligible for inclusion. All studies were included
in which the health outcome was infection with hepatitis B virus
in workers who collect domestic or healthcare solid waste.
Exclusion criteria covered mainly: 1) Studies of populations
who did additional work besides waste collection (typically,
healthcare staff at hospitals such as physicians and nurses)
because the risks related to waste exposure were likely different
in these workers; and 2) Studies that did not quantitatively assess
the risk of HBV infection or only assessed other outcomes
(e.g., those who only used qualitative methods based on the
workers’ perception of the health risks associated with waste
collection). Papers excluded at the full reading step and the
reasons for their exclusion were registered. No criterion was
set regarding the size or gender of the study population, or the
epidemiological design of studies to be included.

Data extraction

Articles retrieved were first screened by their titles, and then
by reading their abstracts. The full text of those meeting the
inclusion criterion was then read. The databases were searched
for publications with the various possible pairs of search terms,
one referring to HBV and the other to their exposure to waste,
together with the number of articles elicited by each pair, as
shown elsewhere'.

We extracted the following study characteristics: study
design; year of publication; sample size; type of wastes handled
(form of exposure); type of outcome indicator used (HBV);
sociodemographic data; type of exposure reported by the
workers; and study limitations.

Discrepancies were discussed until a consensus was reached.
Studies that reported datasets from different settings were
eligible for inclusion. All data on ORs and the prevalence of
HBYV infection were included in the meta-analysis model and
calculated based on 2 x 2 tables.

Quality assessment

The quality of each paper was assessed according to the
guidelines for the critical appraisal of studies on the prevalence
or incidence of a health problem's. We adopted this specific
tool to analyze prevalence data because all included studies
had a cross-sectional study design'®. The score includes eight
components that each refer to one aspect of the study methods:

study design, sampling method, sample size, standard criteria
used, outcome measure, response rate, confidence intervals, and
setting described. One point was given to each aspect that was
found adequate according to the quality criteria. The score for
each paper thus ranged from zero to eight points. The minimum
score for a paper to be included in the meta-analysis was four
points. We registered the articles that were selected for inclusion
in this meta-analysis and their full quality criteria.

Heterogeneity and publication bias

To verify the presence of heterogeneity between the
papers, the Chi-Square test based on a Q statistic was adopted.
The random effect model was used when heterogeneity was
found between the studies. The fixed effect model was used
when no heterogeneity was found. The tests adopted for HBV
varied according to each article, most of which used HBsAg
(to identify incubating, acute or chronic disease) and Anti-HBc
(to identify the stage of the disease, not including incubation,
but additionally including those who have recovered). HBV
serology results were presented individually.

A funnel plot was used to test for publication bias'® and a
forest plot to estimate the main results in a In scale (OR) or as
prevalence.

All analyses were conducted using the R software, version
3.4.0", metafor package.

RESULTS

The search was carried out from January to December 2013
and updated to December 2016, identifying 17 papers that met
the requirements for inclusion in the systematic review. The
flow diagram and other details about the systematic search were
published prevoiusly'. A total of 35 articles were selected for
full-text screening; of these, 17 were excluded as the study
populations did additional work besides waste collection
(typically, they were healthcare staff such as physicians and
nurses working at hospitals). Moreover, 27 duplicate articles
were excluded. Table 1 shows the characteristics of all included
papers, with the quality scores and limitations.

All studies had a cross-sectional study design; this limits
their ability to establish causality as they contain no information
on the relative timing of the exposure and the outcome(s).

Figure 1 presents a forest plot of Odds Ratios from
selected studies, showing the effect of exposure to wastes on
HBsAg. For this model, just eleven papers (using HBsAg as
the outcome) were included in this model. Heterogeneity was
not found between the papers (p = 0.22). A fixed-effects model
was therefore adopted. Exposure to waste showed a significant
association with HBsAg-positive serology (OR 1.89, 95%
CI 1.27-2.86).

We found no asymmetry in the funnel plot (Figure 2),
indicating no evidence of publication bias. A linear regression
analysis was used to confirm the absence of publication bias
(p=0.11).

Figure 3 and Figure 4 show the distribution of positive
serology for HBsAg and anti-HBc among workers exposed
to waste. Heterogeneity was found between the papers
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TABLE 1: Articles selected for inclusion in the meta-analysis (in chronological order of publication).

Author (year; Sar_nple Study groups Outcomti Qualltx‘ Limitations™
country) size measure score
Amsalu A et al. 234 152 HCW and 82 HBV (HBsAg, anti- 6 Biased sampling frame and outcomes
(2016; Ethiopia)'® non-HCW handlers HBc) measured by biased assessors
Moghaddam AA et 178 USW and 476 non- Biased sampling frame and outcomes
al. (2016; Iran)'® 654 USW workers HBV (HBsAg) 6 measured by biased assessors
Mol MPG et al 61 HCW workers and 461 HBV (HBsAg, anti- Biased sampling frame and outcomes
. 320 522 who collect only domestic HBc, anti-HBs) 6 measured by biased assessors
(2016; Brazil)
waste
Biased sampling frame, outcomes
EI-Wahat_) EWA e; 346 186 USW and 160 non- HBV (HBsAg) 5 measured by biased assessors, and
al. (2015; Egypt) USW workers ) ; .
confidence intervals or subgroup analysis
Biased sampling frame, adoption of non-
Tsovili E et al. 133 50 Usw wo_rkgrs_ and 83 HBV (HBsAg, anti- standard measures, outcomes measured
. 2 unexposed individuals ; 4 . '
(2014; Greece) ) . HBc, anti-HBs) by biased assessors, and confidence
(different occupations) ) .
intervals or subgroup analysis
Ewis AA et al. 265 138 USW and 127 non- HBV (HBsAg, anti- 5 Outcomes measured by biased assessors,
(2013; Egypt)® USW workers HBc, anti-HBs) confidence intervals or subgroup analysis
100 HCW workers Outcomes measured by biased assessors
Anage.lw B.Et .a|'24 200 (hospital) aqd 100 cleaplng HBV (HBsAg) 6 inadequate confidence intervals or
(2012; Ethiopia) staff (collecting domestic .
subgroup analysis.
waste)
Rachiotis G et al. 100 domestic waste HBV (HBsAg, anti- Biased sgmpllng frame, inadequate
) 0 210 collectors and 108 . 5 sample size, outcomes measured by
(2012; Greece) HBc, anti-HBs) :
gardeners biased assessors.
126 HCW workers
Shiferaw Y et al. (hospital) and 126 workers HBV (HbsAg, anti- .
(2011; Ethiopia)?® 252 collecting normal (non- HBc) 7 Outcomes measured by biased assessors
clinical) waste at a hospital
64 landfill workers, 41 USW Biased sampling frame, inadequate
Graudenz GS workers, 35 sweepers, 45 - sample size, outcomes measured by
(2009; Brazil)?® 217 drivers, and 32 controls HBV (anti-HBc) 4 biased assessors, inadequate confidence
(railway maintenance) intervals or subgroup analysis
Franka E et al 300 HCW workers (medical Outcomes measured by biased assessors,
e P 600 center) and 300 collecting HBV (HBsAg) 6 inadequate confidence intervals or
(2009; Libya) : )
only domestic waste subgroup analysis
Luksamiiarulkul 169 domestic waste Biased sampling frame, inadequate
) . workers and 185 public HBV (HBsAg, anti- sample size, outcomes measured by
P et al. (2008; 354 ; . } 4 ) )
; P cleaning workers (not in HBs, anti-HBc) biased assessors, inadequate confidence
Thailand) ) : . )
direct contact with waste) intervals or subgroup analysis
Continue......
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TABLE 1: Continuation.

Author (year; Sar_nple Study groups Outcome:t Quaht*y* Limitations™
country) size measure score
Biased sampling frame, inappropriate
Squeri R et al. Domestic waste workers HBV (HBsAg, anti- measurement of health ogtcome,
. 2 327 4 outcomes measured by biased assessors,
(2006; Italy) only HBc) . ) .
inadequate confidence intervals or
subgroup analysis.
Biased sampling frame, inadequate
Mariolis A et al. 69 Domestic waste workers HBV (HBsAg, anti- 4 sample size, outcomes measured by
(2006; Greece)?® only HBs, anti-HBc) biased assessors, inadequate confidence
intervals or subgroup analysis
Dounias G et al. 71 domestic waste _and_ 88 HBV (HBsAg, anti- Biased sgmplmg frame, inadequate
. " 159 office workers (not in direct : 5 sample size, outcomes measured by
(2005; Greece) . HBs, anti-HBc) )
contact with waste) biased assessors
_ 31 HCW collectors Inadequate san_wple size, outcomes
Ferreira JA et al. . . measured by biased assessors,
. N30 186 (hospitals) and 155 HBV (anti-HBc) 5 . . ;
(1999; Brazil) . inadequate confidence intervals or
domestic waste workers .
subgroup analysis
45 sweepers, 21 waste Biased sampling frame, inadequate
Corrao G et al. 93 collectors, 19 machine HBV (HBsAg, anti- 4 sample size, outcomes measured by

(1985; ltaly)® operators, 5 sewer workers

and 3 office workers.

biased assessors, inadequate confidence
intervals or subgroup analysis

HBs, anti-HBc).

anti-HBc: hepatitis B core antibody; anti-HBs: hepatitis B surface antibody; HbsAg: hepatitis B surface antigen; HBV: hepatitis B virus; HCW: healthcare
waste; USW: urban solid waste. *Sensitivities of the serological tests for hepatitis B: anti-HBc — detects acute, chronic, cure stages; HbsAg — detects
incubation, acute, chronic stages; and anti-HBs analyzes a person’s vaccination status.**According to the guidelines of Loney et al. for the critical appraisal

of studies on the prevalence or incidence of a health problem.
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Author(s) and year Ln (Odds ratio) [95% ClI]
Amsalu A et al., 2016 »—-——4 -0.63 [-2.61, 1.35]
Ansari-Moghaddam A et al., 2016 —— 1.23[0.33, 2.13]
El- Wahab EWA et al., 2015 .—-—. 0.03 [-1.14, 1.19]
Tsovili E et al., 2014 ' 1 1.22[-2.19, 4.63]
Ewis AA et al., 2013 b—‘—l—i 0.53 [-0.59, 1.65]
Anagaw B et al., 2012 n—-—-—| 1.84 [-0.29, 3.98]
Rachiotis G et al., 2012 .—_.—. 0.79 [-0.93, 2.51]
Shiferaw Y et al., 2011 1—-—! 2.1410.04, 4.23]
Franka E et al., 2009 »——-—4 1.97 [-0.14, 4.07]
Luksamijarulkul P et al., 2008 '—i—- -0.21 [-1.10, 0.68]
Dounias G et al., 2005 .-.—-—. 0.98[-0.26, 2.22]
FE Model 0 0.64[0.24, 1.05]

[ I [ I I I
-4 -2 0 2 4 6
Ln (Odds ratio)

. J

FIGURE 1 - Forest plot estimating the effects of exposure to waste on HBsAg serology. The right side of the forest plot
indicates a stronger association between exposure to waste and HBsAg positive serology. HBsAg: hepatitis B surface antigen;
Cl: confidence interval; FE model: fixed effect model; Ln: logarithm.
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FIGURE 2 - Funnel plot of included studies, according to HBsAg serology. HBsAg: hepatitis B surface antigen; Ln: logarithm.
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Author(s) and year

Prevalence [95% CI]

Amsalu A et al.,, 2016
Ansari-Moghaddam A et al., 2016
El- Wahab EWA et al., 2015
Tsovili E et al., 2014

Ewis AA et al., 2013

Anagaw B et al., 2012
Rachiotis G et al., 2012
Shiferaw Y et al., 2011
Franka E et al., 2009
Luksamijarulkul P et al., 2008
Squeri R et al., 2006

Dounias G et al., 2005

0.01[0.00, 0.03]
0.06[0.03, 0.10]
0.03[0.01, 0.06]
0.02[ 0.00, 0.06]
0.07[0.02, 0.11]
0.06[0.01,0.11]
0.04[0.00, 0.08]
0.060.02, 0.11]
0.02[0.01, 0.04]
0.05[0.02, 0.09]
0.02[0.01, 0.04]
0.11[0.04, 0.19]
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FIGURE 3 - Forest plot estimating the prevalence of HBsAg serology. The right side of the plot indicates a higher prevalence

of HBsAg serology. HBsAg: hepatitis B surface antigen; Cl: confidence interval; RE model: random effect model.
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4 )
Author(s) and year Prevalence [95% CI]
Amsalu A et al., 2016 —a— 0.39[0.32, 0.47]
Mol MPG et al., 2016 —0— 0.10[0.02, 0.17]
El- Wahab EWA et al., 2015 —— 0.33[0.26, 0.40]
Tsovili E et al., 2014 — 0.14 [0.04, 0.24]
Rachiotis G et al., 2012 —a 0.23[0.15, 0.31]
Shiferaw Y et al., 2011 —a 0.48[0.39, 0.56]
Graudenz GS, 2009 i 0.11[0.06, 0.15]
Luksamijarulkul P et al., 2008 —— 0.11[0.06, 0.15]
Squeri R et al., 2006 HEH 0.06 [0.03, 0.08]
Mariolis A et al., 2006 —e 0.22[0.12, 0.31]
Dounias G et al., 2005 —ay 0.24 [0.14, 0.34]
Ferreira JA et al., 1999 |—-—| 0.13[0.01, 0.25]
Corrao G et al., 1985 : —e— 0.23[0.13, 0.33]
RE Model i 0.21[0.14, 0.28]

i I I [ I [ |
0 01 02 03 04 05 06
Prevalence

/

FIGURE 4 - Forest plot estimating the prevalence of total anti-HBc serology. The right side of the plot indicates a higher prevalence
of anti-HBc serology. anti-HBc: hepatitis B core antibody; Cl: confidence interval; RE model: random effect model.

(p=0.023 and p <0.0001 for HBsAg and anti-HBc, respectively).
Therefore, a random effects models was used for both. The rate
of HBsAg and anti-HBc seropositivity in workers exposed to
waste was 0.04 (95% CI 0.03-0.05) and 0.22 (95% CI 0.14-
0.30), respectively.

DISCUSSION

This meta-analysis included studies of workers collecting
domestic or healthcare wastes. Most studies compared workers
who were exposed to waste with those who were not. Eleven
studies compared workers collecting solid domestic waste
specifically to workers not exposed to any waste®1219-21-23.26.2829,
four compared workers exposed to healthcare waste to those
exposed to uninfected waste from hospitals'®?*?32’. Uninfected
waste differs from domestic waste as the latter often contains
blood or other bodily fluids. Workers collecting waste within
hospital environments are usually less exposed to infection
risks than those who collect domestic waste because of the
differences between these types of waste. Only two papers
compared workers exposed to domestic waste to those exposed
to healthcare waste?®. The distinction between the types of
wastes is relevant when comparing these studies.

Two studies'>? exclusively analyzed workers exposed
to domestic waste and did not undertake serological surveys
of other groups of workers. Some studies compared workers
exposed to domestic waste with controls such as gardeners,
railway maintenance workers, cleaners, and office workers, all
of whom did not have direct contact with waste.

We identified several methodological limitations of the 17
studies included in this meta-analysis. All used a cross-sectional
study design, constraining the assessment of a cause-and-
effect relationship by failing to identify the moment at which
the infection occurred. The small number of selected papers
and the low numbers of workers seropositive for hepatitis B
in some studies represented a statistical limitation, although a
statistically significant difference was found. Few publications
were found which focused on HBV infection in waste collectors.
Other limitations might be associated with social factors, such
as poverty, as most studies were conducted in countries where
waste collection is considered a job for those without better
work opportunities. Hazardous environmental conditions are
often present and conditions are particularly dangerous in places
where the poorest live, work, or visit?!.

Some studies have suggested that immunization against
HBYV and being under treatment for the disease should be
exclusion criteria to mitigate any possible selection bias. This
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was mainly suggested by older studies and those conducted in
countries where HBV immunization has only recently been
implemented. In both cases, the studies showed the vulnerability
of workers who are at risk of HBV infection while doing their
job without the appropriate immunization. On one hand, the set
of included studies raises methodological questions regarding
the study design. On the other hand, it reflects the susceptibility
of workers who are exposed to waste to HBV infection!®!1:2526.30,

The sample size adopted in selected papers was analyzed
according to the guidelines by Loney et al.' for comparing the
prevalence in exposed and non-exposed subjects (Table 1).
Eight studies®!#2262830 did not have an adequate sample size
to ensure statistical significance, whereas the remaining nine
studies'>!821:23-23:27 had adequate sample sizes®.

Recall bias is also relevant, albeit infrequently mentioned in
the included publications. In some cases, the study participants
might not have been able to recall all information regarding past
exposures during an interview. They might have also found
it difficult to answer some interview questions, particularly
those related to sexual behaviour!®!218202428 ' SQurprisingly, few
respondents outright refused to answer these questions.

We also assessed if the studies used models that controlled for
possible confounding factors such as sexual behavior, injection
drug use, and a history of tattooing; for waste collection workers,
accidents involving injuries caused by sharps or exposure to
blood/bodily fluids should be additionally included in the model.
Eight studies”!2?1-262729 did not describe any methods to control
for confounding factors. Some studies presented calculations for
identifying factors such as the workers’ general health status®
and their use of individual protective equipment?’.

Only one study®® analyzed the association between HBV
infection and factors such as a history of tattooing, accidents
with sharps, use of syringes, and exposure to solid wastes; the
authors found a statistically significant for all variables except
a history of tattooing.

Our meta-analysis models showed a statistically significant
association between exposure to wastes, healthcare or domestic,
and HBsAg seropositivity. Therefore, exposure to both types of
waste likely puts workers at risk of infection. Only two selected
papers compared workers exposed to healthcare waste to those
exposed to domestic wastes; they did not find differences in
hepatitis B prevalence between the two groups?**.

In this meta-analysis, we found a prevalence of HBV
infection (positive serology for HBsAg or anti-HBc) of 4%
and 21%, for HBsAg and anti-HBc, respectively. The rate
of HBsAg seropositivity found in this study is similar to the
global intermediate rate of 2-8%, according to data of the
World Health Organization®. In Brazil, the rate of HBsAg
seropositivity was 0.37% (95% CI 0.25-0.50%)**. The rate of
anti-HBc seropositivity in Northern Brazil, an epidemic region
for HBV, was 10.9% (95% CI 8.87-12.9%)**. Our meta-analysis,
which included both, studies published 31 years ago and recent
studies, indicates a high risk of HBV infection associated with
exposure to waste, according to the serology data.

The working conditions of waste collectors should be
analyzed in more detail; specifically, studies should distinguish

762

between workers who collect healthcare and those who collect
domestic waste. Accidents involving sharps (mainly related to
healthcare waste) were associated with 45.7% of all occurrences
in a healthcare establishment, mainly involving healthcare waste®,
and inappropriate segregation of sharps was associated with 15.4%
of accidents in another study*. A third study?®’ found that, of all
accidents reported in a healthcare establishment, 54.6% were
caused by cuts and were registered as occurring during the disposal
of healthcare waste. The high rates of injuries involving sharps
represent a health risk for workers collecting healthcare waste.

Healthcare waste is typically divided into several categories
based on the characteristics of the waste and the related
health risks: infectious materials, toxic chemicals, radioactive
substances, and waste related to a risk of cuts. Some healthcare
waste is generated in offices and thus does not pose any health
risks. This common healthcare waste is different than domestic
waste (which is often mixed with blood or bodily fluids). Some
studies?***?7 included in this meta-analysis compared workers
exposed to infected healthcare waste to those exposed to
common healthcare waste and found differences in prevalence
between the two groups.

In conclusion, this meta-analysis shows that handling
healthcare and domestic waste is associated with a similar risk
of HBV infection. The effect of exposure to waste on workers’
health, and in particular on the risk of HBV infection, in both
domestic and healthcare settings is increasingly supported by
scientific evidence. The search for specific indicators to prove
such an association is a challenge to future research, and also
to programme managers seeking to protect their staff and the
public. The increased risk of HBV infection associated with
the handling of solid waste, as shown in this meta-analysis,
highlights the right of waste workers to immunization against
HBYV as a primary preventive measure.
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