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Risk factors for sporadic hepatitis A infection: a systematic review and meta-analysis

Short Title: A meta-analysis on risk factors associated to sporadic hepatitis A infections
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e Meta-analysis of 78 studies about HAV sporadic infections

¢ Contact with an ill person, oral-anal sex activity were significant risk factors

¢ low hygiene practices were associated with HAV infection

¢ Traveling abroad, attending a child daycare, and wastewater exposure increased the risk
significantly

* Therole of untreated drinking water, shellfish and crop products is underlined.

Abstract

Hepatitis A virus (HAV) is responsible for common acute viral hepatitis worldwide. Improvement
in sanitation and use of efficient vaccines have reduced HAV incidence in developed countries.
However, naive adult population are most susceptible to severe outcomes, and high endemic
areas persist in developing regions. The transmission of HAV through the fecal-oral route is
established. However, considering evolving consumption habits and global market exchange of
food, investigations on risk factors associated with HAV infection are needed. Thus, a systematic
review and a meta-analysis of case-control, cohort and transversal studies was performed to
determine the main risk factors associated with sporadic HAV infection. Relevant scientific
articles were identified through systematic literature search and subjected to a methodological
quality assessment. Mixed-effects meta-analyses models were adjusted by population type to
appropriate data partitions. HAV infections are defined by serological testing. The quality
assessment stage selected 78 studies investigating risk factors for sporadic infections with
hepatitis A conducted between 1985 and 2013. This meta-analysis confirmed that HAV infections
are mostly related to inter-human transmissions, either due to contact with an ill person,
through oral-anal sex practice, or lack of personal hygiene. Travel to endemic countries,
occupational exposure such as working in child daycare, and exposure to wastewater were
associated with HAV infection. As HAV can persist in the environment, it was not surprising that
consumption of untreated drinking water, shellfish consumed raw, and crop products were risk

factors. Food contamination could be due to the use of contaminated water (fruits, vegetables)
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35 or originate from infected food handlers at every point of the food chain (from picking to

36 serving). Eating or drinking outside were associated with HAV infection. A lack of recent case-
37 control studies was identified, with only three studies eligible between 2011 and 2017. Case-
38 control studies required a more precise definition of risk factors such as type of crop product,
39 and storing/preparation information (e.g. washed, frozen). The frequency of consumption or
40 duration of environmental exposure could also better inform dese-respense relationship
41 between exposure and risk of infection. In a context of epidemiological change of HAV,
42 international travel and trade of foods, future case-control studies are needed and should focus
43 on populations at risk of severe infections and acute cases.
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45 Research synthesis; case-control studies; cohort studies; meta-regression; HAV
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1. Introduction

About 1.4 million hepatitis cases worldwide, every year (WHO, 2015) are due to hepatitis A virus
(HAV). HAV is responsible for acute viral hepatitis in humans after contamination through the fecal-
oral route, either through person-to-person contact, or consumption of contaminated food or water.
Hepatitis A occurs in cyclic epidemics and is occasionally associated with foodborne outbreaks (WHO,
2020). HAV belongs to the Picornaviridae family, Hepatovirus A genus and has only been isolated in
humans and primates. (Taxonomy ICTV: https://talk.ictvonline.org/ictv-
reports/ictv_online_report/positive-sense-rna-viruses/picornavirales/w/picornaviridae/709/genus-
hepatovirus). Based on genomic sequences, HAV is divided into six genotypes, of which genotypes |,
Il and lll, divided into subtypes A and B, infect humans (Robertson et al., 1992).

The incubation of Hepatitis A is usually 14-28 days. Symptoms of hepatitis usually range mild to
severe, and atypical extrahepatic manifestations are rare (Lemon et al., 2018). HAV does not cause
chronic liver disease (WHO, 2012), however, recovery from the illness requires weeks or months
(WHO, 2012).

Only 10% of infected children under six years of age experience jaundice, whereas most infected
older children and adults are symptomatic, including jaundice in more than 70% of the cases (Lemon
et al., 2018). Rare complications, such as fulminant hepatitis can occur. The case-fatality ratio
increases with age: from 0.1% below 15 years of age to 1.8-5.4% after 50 years old (Lemon et al.,
2018).

Anti-HAV IgM seroconversion occurs during the symptomatic phase of acute hepatitis, and declines
within 4-6 months. IgM response is a marker of acute HAV hepatitis. Anti-HAV IgG appears
concomitantly with anti HAV IgM, but increases more slowly and persists life-long (Walker et al.,
2019). Hence, seroprevalence studies are based on anti-HAV immunoglobulin G antibodies (IgG).

The incidence of HAV infections varies considerably between countries and is related to the
socioeconomic status of the population (Jacobsen and Wiersma, 2010). It has been largely mitigated
in regions with access to clean water and sanitation facilities (Jacobsen and Koopman, 2004). The
level of endemicity is defined by the prevalence of HAV antibodies (IgG) in a population, taking into
account the mean age of acquired infection, a region, or a country (Hollinger and Emerson, 2007).
Geographical areas can be characterized by high, intermediate, low, or very low levels of HAV
endemicity, reflecting the level of viral circulation and exposure. In countries where HAV is highly
endemic, the majority of cases concern children under five year old. In these areas, adults are
protected against HAV infection, due to a long-lasting immunity, possibly lifelong (Hollinger and
Emerson, 2007). In contrast, in countries with safe drinking water and proper sanitation and hygiene,
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resulting in very low level of HAV endemicity, infection is less common, with very few persons
infected in early childhood. In those countries, the risk of outbreak with severe symptoms in the
adult population is a cause for concern.

HAV is a vaccine-preventable disease. Recommendations for vaccination strategy depend on the
level of endemicity in human populations : in low endemicity countries, vaccination is targeted to
high-risk groups, in countries with intermediate status, large childhood vaccination is recommended
by WHO, while in high endemic countries, vaccination is not recommended (Jacobsen and Wiersma,
2010; WHO, 2012). Universal vaccination in children, in intermediate endemicity areas (with
improving sanitary and socio economic conditions) leads to a significant decline in incidence (Lemon
et al., 2018).

HAV is a resistant virus that can persist for a long time in feces, soil, and water. HAV is resistant to
low pH, moderate heating (60°c for 60 minutes) and freezing (Efsa BIOHAZ Panel, 2011).

Nowadays, with globalized food markets, food products can be produced or processed in HAV high or
intermediate endemic areas, where they may be contaminated at some point of the food supply
chain (Bosch et al., 2018; Miranda and Schaffner, 2019), and imported in low endemic areas. These
products represent a serious source of HAV outbreaks in naive adult populations. Hence information
about risk factors should be studied worldwide. Source attribution of HAV cases is usually performed
based on outbreaks data, that are not entirely representative of the general population (Bosch et al.,
2018; Xiaotong Hu et al., 2020). Estimating pooled ORs (Odds-Ratio) or RRs (Relative Risk) from
sporadic case studies, with sporadic case defined as a case that was not part of an identified
outbreak, is a first step to quantitatively assess source attribution (Gonzales-Barron et al., 2019;
Mughini-Gras et al., 2019).

Several meta-analyses have been performed to estimate HAV regional seroprevalence (Carrillo-
Santisteve et al., 2017; Gripenberg et al., 2018; Jacobsen and Wiersma, 2010; Patterson et al., 2019).
However, only two systematic reviews from case-control studies evaluate risk factors and these
reviews focus specifically on exposure to sewage (Glas et al., 2001) and travel (Steffen et al., 1994).

In the present article, a systematic review and a meta-analysis were carried out to compile ORs and
RRs of case-control, transversal and cohort studies, from sporadic cases, for all potential risk factors.
The objective of this meta-analysis is to obtain an overall view and an estimate of the statistical
significance of the different risk factors associated with sporadic HAV infections, regardless of the
country of origin. The results should help to define better strategies for studying pertinent risk
factors in future epidemiological studies, and confirm the relevance of current recommendations for

preventing this disease.
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2. Material and methods

The protocol of the systematic review and the meta-analysis model are described in depth in the

methodological paper of this special issue (Gonzales-Barron et al., 2019).

2.1 Systematic review

The literature search was conducted between March 2017 and December 2017 using a combination
of keywords related to (1) hepatitis A, (2) case-control OR risk factor OR cohort, (3) infection OR
disease, joined by the logical connector AND. Relevant studies were identified from five bibliographic
search engines, Science Direct, PubMed, Scielo, ISI Web of Science and Scopus. No restrictions were
defined for the year of the study or type of publication. The search was limited to publications

written in the languages English, French, Portuguese and Spanish.

Each reference record was screened for relevance for inclusion in the meta-analysis study, and
subsequently, the methodological quality of the “candidate” studies were assessed using pre-set
quality criteria comprising (1) appropriate selection of the controls; (2) adjustment to correct for
confounders, (3) comparability between cases and controls, (4) acceptable responses rates for the
exposed and control groups; (5) Data analysis appropriate to the study design; (6) provision of Odd
ratio (OR) with confidence interval or p-value; or provision of sufficient data to calculate ORs; (7)
overall quality of the study (Gonzales-Barron et al., 2019). Primary studies that passed the screening
for relevance were marked as having potential for bias if they failed to meet at least one of the
methodological quality assessment criteria. Data extracted from selected primary studies included
the relevant study characteristics (location, time period, population, genotype, case definition,
design, sample size of the groups, type of model, etc.), risk factors, setting, handling practices and
outcome of the study OR (Odds-Ratio in case control-studies) or RR (Relative Risk in cohort or
transversal studies). Outbreaks data, andepidemiological studies (eg. case-control studies) for
investigating outbreaks were excluded, as non-describing sporadic cases. A data categorisation
scheme was established to hierarchically group the risk factors into travel, host-specific factors and
pathways of exposure (i.e., person-to-person, animal, environment and food routes (refer to
Gonzales-Barron et al., 2019 for in-depth information). For hepatitis A, the variable “Population” was
stratified into mixed (adults and no age specific), susceptible and children. Person-to-person
transmission was stratified by the type of contact, namely contact with an ill person (mostly hepatitis
or jaundice case), sex, contact related to living with children in household or living in a collectivity,
being a IV drug user, and indirect contacts such as sharing towels, toothbrush or a single dining plate.
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2.2 Data synthesis

The joint meta-analytical data was first described using basic statistics. Next, data was partitioned
into meaningful categories of risk factors, such as travel, host-specific factors and person-to-person
contact, animal contact, environmental exposures and food vehicles. Meta-analysis with meta-
regression models were fitted to each category of risk factors, with subgroup class (e.g. travel
abroad/ inside) that depends on the data partition (i.g travel) (Gonzales-Barron et al., 2019).

The meta-analytical models were fitted separately by population type. For some food classes, the
effects of handling (i.e., eating raw, undercooked) and setting (i.e., eating out) on the overall OR
were assessed by the calculation of the ratio of the mean OR when food is mishandled (or,

alternatively, when food is prepared outside the home) to the base OR.

The statistical analysis was designed to assess the effect of the geographical region, and takes into
account the effects of the study period (before/after 2000) and the analysis type
(univariate/multivariate) on the result. The objective of the region-specific meta-analysis was to
inform the decision on the geographical regions that should be kept for the subsequent pooling of
ORs. A Geographical region (Asia, North America, South America, Africa, Europe, Oceania) was
removed from a particular meta-analysis partition only if its pooled ORs were different from those
associated with the other regions or if less than 3 ORs represented the region (Gonzales-Barron et al.,

2019).

All meta-analysis models were essentially weighted random-effects linear regression models
(Gonzales-Barron et al., 2019). Once a meta-analysis model was fitted, influential diagnostics
statistics were assessed to remove any influential observation originating from studies marked as
having potential-for-bias. Publication bias was assessed by funnel plots and a statistical test
investigating the effect of the study sample size on the ORs (Tables 1, 2 and 3) (Gonzales-Barron et
al., 2019). Heterogeneity between studies was assessed by different indicators such as the between-
study variability (t?), the QE test investigating residual heterogeneity, the variance of residuals and
the intra-class correlation I (Gonzales-Barron et al., 2019).

All analyses were produced in the R software (R Development Core Team, 2008) implemented with
the metafor package (Viechtbauer, 2010). The meta-analysed risk factors are presented in summary
tables only when significant. Pooled ORs were considered as significant when the lower bound of the
95% CI (Confidence Interval) was equal or greater than 1.0). Non significant results are not given in

Table 1 but in Appendix 3.
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3. Results

3.1 Descriptive statistics

In the systematic review of risk factors for human infection with hepatitis A, 1624 bibliographic
sources were identified using appropriate keywords in five bibliographic search engines, from which
168 case-control, transversal and cohort studies passed the full assessment for eligibility (Figure 1).
From these, 90 fully-documented case-control studies investigated the source(s) of outbreaks and
were kept in the JabRef file as their data could be readily extracted (Gonzales-Barron et al., 2019).
Meta-analysis was undertaken on data either extracted or calculated from 78 studies — cohort,
transversal and case-control studies — focusing on sporadic cases (Figure 1). Appendix 1 provides the
references of the 78 retained publications, while Appendix 2 compiles a list of the primary studies
along with their main features. Three types of studies are related with sporadic cases. The first type
is seroprevalence studies with risk factors associated with infection. The second type is studies
targeting high-risk population and/or specific risk factors (e.g. wastewater workers, travel,
recreational activities, men who have sex with men...). The last type is studies investigating notifiable
acute cases, including IgM detection, and their determinants. Among those studies, a few were
investigating changes in risk factors before and after a vaccination management strategy. Only 4
studies estimated the population attributable fraction (PAF) and provided an estimate of the number
of cases attributable to a given risk factor (Ciccozzi et al., 2002; Mele et al., 1997; Taylor et al., 1995;
Tosti et al., 2008). Multivariate or adjusted analysis was not common for all studies (Appendix 2). The

power of analysis was often low, with some studies gathering less than 100 cases (Appendix 2).

Primary studies investigated risk factors in different types of population, namely children (17
studies), mixed population without age specification (58 studies), and susceptible population (3
studies), which included HIV-infected individuals (one study: (Brunet et al., 2005) and persons who
inject drugs (PWID) in 2 studies (Collier et al., 2015; Luquero et al., 2009). The children included
babies from their first year of life to adolescence (19 years old). If some studies focused on 1-5 or 6
years old (El-Gilany et al., 2010; Mantovani et al., 2015), the range could be as wide as 1-16 (Faillon
et al., 2013), 1-18 (Halicioglu et al., 2012) or 0 to 15 years of age (Escobedo-Meléndez et al., 2012); or
restricted to older children and adolescents from 5 or 6 to 19 (Barros et al., 1999; De Alencar
Ximenes et al., 2008), or 4-17 years of age (Heriberto Hidalgo, 2002).

These studies were conducted in years spanning from 1985 to 2013. About 40% of studies were
published after year 2000. Study locations were, in decreasing frequency, Europe (n=35), Asia (n=17),

7
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North America (n=11), South America (n=9) and Africa (n=6). Eighteen publications concerned
Western Europe, including Italy (n=10), France (n=5), the Netherlands (n=2) and Germany (n=1). We

extracted a total of 426 ORs with 15 publications being the source of 50% of ORs.

Cases of hepatitis were defined using serological analysis or cases of symptomatic hepatitis
confirmed by serology (Appendix 2). Among the 78 publications, 20 described symptomatic cases of
hepatitis and, the others concerned serological data (Appendix 2). Symptomatic forms have been
shown to be associated with age or host condition (e.g. chronic liver disease) but not to specific
exposure. Hence, we make the hypothesis that risk factors are the same for both categories
(definition of cases based with positive serology 1gG or acute cases of hepatitis) and keep them

together to gain statistical power of detection of risk factors.

During the methodological quality assessment, potential for bias was assigned to eleven case-control
studies (Appendix 2). In Chironna et al. (2012), Ciccozzi et al. (2002), Hellara et al. (2014), Mele et al.
(1997), Kim et al. (2011) and Tosti et al. (2008), the “controls/non-ill people” were affected by
hepatitis B or C, while in Delarocque-Astagneau et al. (2012) and Masia et al. (2004), the controls
were hepatitis E positive. In Gammie and Wyn-Jones (1997), the odds of acquiring hepatitis A from
“being a surfer” was compared against “being a windsurfer”, instead of “not being a surfer”. In
Almeida et al. (2001) the association estimates were obtained by adjusting a generalized model with
a complementary loglog function. In Seo et al. (2013), the definition of cases is unclear about
serology confirmation. Still, all these publications were included in the statistical analysis, though, the
83 ORs extracted from these studies were marked as having potential for bias, and their influence on
the pooled OR estimate was appraised by means of the Cook’s distance (Gonzales-Barron et al.,
2019). If one OR from those publications had a great impact on meta-analysis result of a particular
model, it was removed from the analysis (Gonzales-Barron et al., 2019).

The publications analyzed were the source of 426 ORs. The risk factors studied included
environmental (155 ORs) and person-to-person transmissions (98 ORs), food (58 ORs) including poor
handling practices (8 ORs), animal contact (6 ORs), travel (72 ORs), and host related factors (37 ORs)
including poor personal hygiene practices (12 ORs). After further analysis, host related factors not
associated with poor personal hygiene practices (13 OR) were removed from analysis, because they
couldn’t be considered as potential risk factors for acquiring HAV infection (i.g anti-HAV IgG

detection with past history of jaundice or liver cirrhosis).
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3.2 Meta-analysis results

All significant results of the meta-analysis are given in the Tables 1, 2 and 3. Period effect
before/after 2000 was not detected as significant, or the estimate was not feasible due to too few
ORs.

Travel abroad, from countries in North America, North, West and South Europe, was found a
significant risk factor for the mixed population and children with pooled ORs=4.110, 95% ClI:
(Confidence Interval): [2.716 - 6.218] and 3.059 (95% Cl: [2.347 - 3.986]) respectively. Travel was not
described at the same level in all studies: some of them mentioned “travel to endemic areas”,
“history of travel”, “far east travel”, “travel in Asia”, “travels to countries abroad”, mixing different
levels of endemicity. It was not possible to categorize traveling to a country with a low, intermediate,
and high level of endemicity (and checking for its status at the time of publication). Most often, this
item concerned endemic areas, with a label such as “Africa”. Commonly it was not feasible to
compare in the same study traveling to endemic or non-endemic countries, with some exceptions
(e.g. (Ciccozzi et al., 2002; Nielsen et al., 2012; Tosti et al., 2008). However, the lowest ORs concerned
travel to North Europe, North Italy, or North America, and the highest ORs far East and India.
Traveling inside the country of origin was also found significant in the mixed population (with 6 ORS
coming from Southern Italy and 1 from Egypt). This latter category could not be studied in children.
For susceptible population, only 2 ORs were available, and therefore should be interpreted with
caution.

Lack of personal hygiene (Table 1) was found significantly associated with HAV in children (pooled
OR=3.268; 95% Cl: [1.758-6.076]) but not in mixed population. In further analysis, one OR concerning
“onychomachie” was excluded, because all other ORs in this category involved “bad/not washing
hands” (“not washing hands after toilets” or “not washing hands after going out”). As a result, poor
hygiene practices became a significant risk factor in mixed population (pooled OR=1.606 95% ClI:
[1.094- 2.356]. Not washing hands before preparing food preparation and cooking was only studied
in 1 publication (Mausezahl et al., 1996). Gathering lack of hygiene in food preparation and not
washing hands before the meal (“Poor handling”, studied in 4 publications), led to a non significant
pooled OR=1.778 [0.911-3.469] (Appendix 3).

Contact or proximity with animals (associated to low hygiene practices) (Table 1) (“poultry or
animals in the kitchen”, “rats in house”, “no handwashing after feeding animals”, “handling food”,
“close contact with domestic animals”) in mixed population was associated with HAV. This factor

could not be studied in children.
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For the environmental exposure (Table 1), the following risk factors were associated with HAV in
mixed and children populations : low/untreated water consumption for the mixed population
(pooled OR=1.197, 95% Cl: [1.001 - 1.432]), and for children (pooled OR=1.815, 95% Cl: [1.223 -
2.694] _ forest plot in Figure 2); contact with wastewater for the mixed population (pooled
OR=1.690, 95% Cl: [1.319- 2.166] and Figure 3) and for children (pooled OR= 1.645, 95% CI: [1.411-
1.918]), and working in or attending a daycare center for the mixed population (pooled OR=1.571,
95% Cl: [1.164 - 2.119] _ Figure 4) and for children (pooled OR= 1.679, 95% Cl: [1.024 - 2.753]
_(Figure 4).

Recreational water activities were not associated with HAV infection, but this exposure was mixing
different activities, with probable different levels of exposure, not taking into account , eg the
quantity of water swallowed (Appendix 3 and Figure 5). Rural or farm environment was a significant
risk factor for adults (pooled OR=1.710; 95% Cl: [1.248- 2.344]), and close to significance for children:
(pooled OR=1.363; 95% Cl: [0.966-1.924]) (Appendix 3).

Playground (or contact with soil such as during gardening) could only be tested for the mixed
population, and the association with HAV was found significant (pooled OR=2.082; 95% Cl: [1.293-
3.350]).

Person-to-person transmission was a significant risk factor for both mixed population (pooled
OR=1.946; 95% Cl: [1.364 - 2.776]) and children (pooled OR=3.222 95% Cl [2.393 - 4.338]) and could
be considered for susceptible population as nearly significant (pooled OR=1.793; 95% Cl: [0.976-
3.295]) (Appendix 3). For the mixed population, there were enough ORs to discriminate between
different pathways of human-to-human transmission. Contact with a sick family member or jaundice
person (household contact) was found significant (pooled OR= 3.171; 95% Cl: [1.920- 5.236], as was
being an IV drug user (pooled OR=2.206 [1.497- 3.249]), or sex activity (oral-anal sex and men who
have sex with men_ MSM _ pooled OR=1.708; 95%Cl [1.327- 2.198]) (Table 1, forest plot in Figure 6).
Contact with children at home was not found significant (Appendix 3) (pooled OR=1.179, 95%Cl:
[0.913- 1.524]).

Indirect contact, tested only in one publication in mixed population could not be studied in this meta-
analysis.

Regarding dietary risk factors, the following risk factors could be identified for the mixed population:
consumption of crop products (pooled OR=2.727; 95% Cl: [1.406 - 5.288]), consumption of seafood
products (OR=2.398; 95% Cl: 1.459 - 3.940]) (Table 1), in particular mollusks or shellfish (pooled
OR=2.503; 95% Cl: [1.388- 4.515]) (Table 2 and forest plot in Figure 7), and consumption of
composite dishes outside home (pooled OR=3.539; 95% Cl: [1.423 - 8.804]) (Table 2). Outdoors
consumption of bottled water/water and ice cubes turned out to be a risk factor only for children

10
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(pooled OR=2.032; 95% Cl: [ 1.177- 3.508]) (Table 1). Besides, the consumption of raw seafood
products increased the ORs associated with seafood by a factor of 2.277; 95% Cl: [1.198 - 4.329]
(Table 3).

For all the meta-analytical models reported in Tables 1 and 2, the statistical tests indicated
publication bias most often above 5% significance. The exception was observed in partitions related
to “travel” , “food” and “environment” in the children population. Some funnel plots are given in
figure 8. For “environment” in children, there was an asymmetry due to a lack of non-significant
studies with few ORs at the bottom of the graphs. For travel and food in children, the different
categories were too heterogeneous (e.g. reported in publication as traveling in China, Mexico,
“endemic area”, “international travel”) and the number of ORs, too small to get an overall trend.
Furthermore, the intra-class correlation (I?), expressed as the percentage of the total variance
explained by the variation between studies, is always below high heterogeneity (<75%) (Table 1). A

residual between-study heterogeneity (p-value below 0.05 for Q or QE) was often observed for the

data partitions.

4. Discussion

The results of this meta-analysis, based on a review of quantitative data (ORs) strengthen statistically
the evidence on known risk factors for sporadic HAV infections. The results are consistent with fecal-
oral transmission routes, including contact with infectious persons (household, sexual, occupational),
consumption of contaminated food and water, and contact with environmental contamination such
as wastewater

Travel is an important risk factor for low endemic countries. This risk factor was poorly described,
often mixing different levels of endemicity, like “working abroad” or traveling “far East”, hindering an
interpretation based on destination’s endemicity. The variability between ORs remained important,
and was probably due to the heterogeneous conditions (e.g. camping) and durations of the journey.
Travel to high endemic countries is a well-known risk factor, with people visiting friends and relatives
in a country of origin and returning home with HAV infection (Crowcroft, 2012; Gossner et al., 2015).
HAV was also found by Steffen and Gyurech (1994) as the most frequent infection in travelers. Thus,
the vaccination of travelers to endemic countries is highly recommended (Crowcroft, 2012; WHO,

2012; Wu and Guo, 2013).

food-handling)}-contact-with-an-infected-persen. The most common transmission mode is person-to-
person (Bosch et al., 2001; Dentinger et al., 2001; Pinto et al., 2010; Sanchez et al., 2002). Contact

with an ill family member or relative, or working/attending a daycare center, particularly child
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daycare, are risk factors of acquiring HAV infection since asymptomatic children can excrete hepatitis
A virus. Thus, working in child daycare can be considered professional exposure (Rebmann et al.,
2017).

Sexual contacts, particularly involving oral-anal practices were found significant in sporadic cases,
consistently with cyclic outbreaks occuring in the MSM population, such as the 2016-2017 worldwide
episode, that included Europe (Ndumbi et al.,2018).

This meta-analysis could not study blood transfusion as a risk factor (only in 1 publication), even if
other studies mentionned this exposure as a risk (Gallian et al., 2018; Gallian et al.,, 2019).
Transmission in people who injects drugs (PWID) was also documented with close promiscuity
between users possibly explaining this risk factor (Hollinger and Emerson, 2007; Luquero et al.,
2009).

The results confirmed the role of the lack of hygiene, and other related factors such as farm
environment, gardening (“playground”), and exposure to wastewater. Hygienic practices should be
more systematically studied and with more precision in epidemiological studies. Categories such as
washing hands (WH) with soap (more or less frequently) after defecation, WH after going out, WH
before eating, WH before preparing food, WH after work in garden or field were mostly not detailed,
apart from some exceptions (eg. Mausezahl et al., 1996).

Farm environment, defined as “living in rural residence” is a risk factor probably correlated to other
factors, such as unsanitary toilets, insufficient/low treatment of drinking water, not safe sewage
system. Low socioeconomic status, with larger family size and crowding could also explain the result
(Jacobsen and Koopman, 2004).

Exposure to contact with animals was a very heterogeneous category, with only 6 ORs belonging to 4
publications (Delarocque-Astagneau et al., 2012; Kotwal et al., 2014; Mausezahl et al., 1996; Seo et
al., 2013). Two studies were showing significant (from multivariate analysis) ORS: handling food (Seo
et al., 2013) and contact with domestic animals (Kotwal et al., 2014). The first study (Seo et al., 2013)
concerned acute hepatitis A virus infection in the Korean population and included people handling
food that were also employees in a restaurant: person-to-person transmission probably accounted
for this result. The second situation (“contact with domestic animals”) was not detailed in Kotwal et
al. (2014). All other ORs, coming from univariate analyses, were not significant and could rather be a
marker of low income or be associated with a lack of hygiene acting as a confounding factor. As a
preliminary step, as mentioned in Seo et al. (2013), working in food handling and restaurants without
being vaccinated, should be further studied, to prevent food and customers potential contamination.
For the first time, wastewater exposure was found associated with hepatitis A sporadic infections in a
meta-analysis. In a previous systematic review and meta-analysis, wastewater exposure was not

12



389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422

identified as a risk factor (Glas et al., 2001). The present meta-analysis includes several studies
published after 2001. Even if heterogeneity between studies remains high (QE significant), this result

is in line with the known contamination of wastewater aerosols by HAV (Brisebois et al., 2018).

HAV is a non-enveloped virus, and it can remain infectious outside host cells. It is resistant to salt and
low pH (Hollinger and Emerson, 2007) and can persist in the environment, particularly in the water.
Occasional waterborne outbreaks are described, like recently in Korea (Shin et al., 2017), and
contamination of water is proven especially in situations of low sanitation level (Ruchusatsawat et
al., 2016). Thus, it is not surprising that untreated water was associated in this meta-analysis with
sporadic HAV infection. Harmonization and hierarchical categorization of untreated water could help
make further recommendations and improve prevention strategies, for ground, well, individual
storage, and surface/river water. Environmental studies could complete the epidemiological
investigation, to explore the water contamination.

Shellfish grown in polluted water can concentrate HAV, and since depuration methods used to
reduce bacterial contamination of seafood is inefficient on viruses, they represent a frequent source
of outbreaks (Halliday et al., 1991; Lopalco et al., 2005; Pinto et al., 2009). Shellfish, particularly when
consumed raw, was a significant risk factor in this meta-analysis. Potential contaminated shellfish
areas require specific monitoring and management strategies (Thebault et al., 2012). In
epidemiological studies, as shown in figure 7, this risk factor could be more informative for
management or risk assessment if it the preparation practices (e.g. raw, lightly cooked, well- cooked),
and the type (species) of shellfish (oyster, mussels, clams) were detailed.

Also, fresh vegetables can be contaminated by irrigation water, contaminated surfaces or dirty
hands, as illustrated by several outbreaks in Europe linked to the consumption of semi-dried
tomatoes (Gallot et al., 2011; Petrignani et al., 2010), frozen berries (Severi et al., 2015; Tavoschi et
al.,, 2015; Scavia et al., 2017), or with pomegranates arils in the USA (Collier et al., 2014). Food
handlers, involved in harvesting or food preparation, were identified as sources of contamination in
outbreaks (Rowe et al., 2009). Our results are in agreement with this potential risk for sporadic cases
regarding fresh produce and composite dishes. However, we have to mention here that fresh
produce (designed as “vegetables”, “fresh vegetables”) or composite dishes are rarely described and
with few details in HAV case-control studies. Very few publications and therefore, few ORs were
available for these food items. Categories such as frozen/fresh/dried, raw/cooked,
washed/unwashed, prepacked/not prepacked in combination with the type of vegetables (e.g. red
fruit or berries, leafy greens such as lettuce, green onion, tomatoes...) and ideally, associated with
frequency of consumption should be better investigated.
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Composite dishes, or food consumed outside the home, as seen in epidemiological studies in this
meta-analysis, is a too broad category for risk management purpose. It would be useful to detail the
type of selling (e.g. local market, street vendor, food truck, local fast food, restaurant) or the kind of
food involved (e.g. fresh and raw vegetables, sandwiches, pastries...) to prioritize management

strategy.

The main limitation of this meta-analysis was the data itself. There were no recent case-control
studies of acute cases of HAV: only 3 studies were eligible between 2011 and 2017, against 78
between 1985 and 2017. Even if HAV is not a new disease, the level of population immunity, food
and hygiene practices evolve. More raw and ready-to-eat products are consumed in developed
countries within a worldwide market. As recall biases can be substantial, due to life-long immunity in
studies where cases are defined based on IgG positive serology, more case-control studies on acute
hepatitis cases are needed to better study potential risk factors of sporadic cases.

There was an important variability remaining after modelling between the different studies that
could be due to broad definition of risk factors. Future studies should include items that are more
specific, with standardized questionnaires. For example, “seafood”, “crop products” or “food outside
home” items are too broad definitions for food management purpose. Another critical aspect that
deserves further investigation is food products’ preparation process (i.e., consumed raw or cooked,
vegetables washed or not). The combination of different items can be a source of unexplained
variability between studies. The frequency of consumption or duration of environmental exposure
was considered and could also be a source of variability. Consequently, a dese-respense frequency or
duration effect of the risk factor could not be studied. Finally, the contamination of
products/environment can differ between countries of low, middle or high endemicity and could
explain remaining heterogeneity between studies.

The definition of cases is conservative, mixing serological and acute cases. As said before, it is not
obvious that risk factors of infection differ so much between populations with different case
definitions. This meta-analysis was made more powerful to detect significant risk factors by mixing
those two categories. However, two limitations emerge from the mixing of those two types of case
definitions and studies. First, the survey method, for which the quality of information is probably
different between studies’ types, with recall biases more critical for seroprevalence survey, causing
less precise estimation of risk factors and perhaps biased with infrequent factor exposure. Second,
studies evaluating HAV risk factors according to clinical presentation (asymptomatic, symptomatic

but not severe, fulminant hepatitis) are lacking. It would be valuable to assess the importance of the
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risk factors in patients with different clinical presentations in the same epidemiological study and/or
with the same questionnaire.

Individuals at risk of severe clinical presentation, such as patients with underlying liver disease, are
also under-represented in the dataset with only 3 studies among 78 (concerning treated HIV infected
patients and PWID). There is a need for conducting specific studies to make robust meta-analyses to
identify risk factors for these groups (WHO, 2012)

For children, including studies with a large range of ages, between 0 to 19 years of age, was needed
for meta-analysis (see descriptive statistics section). Though, whenever epidemiological context
confirms acquisition of infection at a young age, and if the number of children included in the
epidemiological study in each class group is relevant, studying risk factors for specific age class (0-5

year old by example) would be more informative.

Distinct genetic HAV strains can be found to be associated with distinct geographical distribution
(Costa-Mattioli et al., 2003). The analysis of viral sequences may help identify the source of an
outbreak (Shieh et al., 2007; Wheeler et al., 2005). In few cases, typing of HAV strains has allowed
identifying clusters of patients with a common origin of contamination through food consumption
that had not been recognized as such from epidemiological investigations (Petrignani et al., 2010).
HAV sequencing was also not included in this meta-analysis, but combining molecular and
epidemiological studies could provide complementary information to better understand the risk
factors. Studying HAV infection is still challenging in an evolving context of sanitation improvement
and vaccination program strategies. For countries moving from intermediate to low endemicity, this

is an opportunity to study the evolution of the importance of the risk factors in this dynamic context.

Conclusion:

This meta-analysis provides an overall view of risk factors associated with sporadic HAV infection.
Pooled statistical analysis from different epidemiological studies assesses their implication as
significant risk factors. It confirms that HAV infections are mostly related to inter-human
transmissions, either due to contact with an ill person, through oral-anal sex activity, IV drug use or
lack of personal hygiene. People concerned by travels in endemic countries or occupational
exposure, such as working in child daycare, or being exposed to wastewater, should be aware of their
potential exposure. As HAV can persist in the environment, the fecal-oral route explains that
consumption of untreated drinking water, raw shellfish consumption, and crop products are
identified as risk factors of sporadic cases. However, some risk factors are under-studied such as
blood transfusion or poor hygiene practices for food preparation. From the systematic review and
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meta-analysis, an overall hierarchical framework of risk factors, common between epidemiological
studies, based on plausibility and risk management possibilities, is needed to enhance the
possibilities and usefulness of future meta-analyses. In particular, the multivariate analysis could be
based on the same categorization and definition of potential risk factors: comparability in time and
space would be improved, and would allow robust estimates of population attributable fractions,
taking into account epidemiological specificities (low/medium/high endemicity). In a context of
declining seroprevalence, management or specific controls of implicated foods and water are

needed, to avoid foodborne outbreaks.
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Figures

* Figure 1: PRISMA Flow chart of literature search for case-control /cohort/transversal studies of
hepatitis a infection

* Figure 2 : Forest plot of the association of hepatitis A infection with low/untreated water
consumption for mixed population (separate file)

Legend : From the left to the right: first name of study reference with year of study, country of study,
lebel: risk factor as mentioned in publication, OR and its 95% confidence interval and its graphical
representation, at the bottom of the graph pooled OR estimate and its 95% confidence interval, *
adjusted OR.

e Figure 3: Forest plot of the association of hepatitis A infection with exposure to wastewater for
mixed population (separate file)

Legend: From the left to the right: first name of study reference with year of study, country of study,
lebel: risk factor as mentioned in publication, OR and its 95% confidence interval and its graphical
representation, at the bottom of the graph pooled OR estimate and its 95% confidence interval, *
adjusted OR.
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e Figure 4: Forest plot of the association of hepatitis A infection with working in day care center for
mixed population (separate file)

Legend: From the left to the right: first name of study reference with year of study, country of study,
lebel: risk factor as mentioned in publication, OR and its 95% confidence interval and its graphical
representation, at the bottom of the graph pooled OR estimate and its 95% confidence interval, *
adjusted OR.

e Figure 5: Forest plot of the association of hepatitis A infection with recreational water activities
for mixed population (separate file)

Legend: From the left to the right: first name of study reference with year of study, country of study,
lebel: risk factor as mentioned in publication, OR and its 95% confidence interval and its graphical
representation, at the bottom of the graph pooled OR estimate and its 95% confidence interval, *
adjusted OR.

e Figure 6: Forest plot of the association of hepatitis A infection with sexual activity for mixed
population (separate file)

Legend: From the left to the right: first name of study reference with year of study, country of study,
lebel: risk factor as mentioned in publication, OR and its 95% confidence interval and its graphical
representation, at the bottom of the graph pooled OR estimate and its 95% confidence interval.; *
adjusted OR

e Figure 7: Forest plot of the association of hepatitis A infection with shellfish consumption
(separate file)

Legend: From the left to the right: first name of study reference with year of study, country of study,
lebel: risk factor as mentioned in publication, OR and its 95% confidence interval and its graphical
representation, at the bottom of the graph pooled OR estimate and its 95% confidence interval, *
adjusted OR.
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e Figure 8 : Funnel plots of studies investigating categorized risk factors (travel in children, host-
specific in mixed, environment, in mixed and children population) the plot shows the residuals of
the model (‘observed - fitted’ values) on the x-axis against their corresponding standard errors. A
vertical line indicates the estimate based on the model. A pseudo confidence interval region is
drawn around this value with bounds equal to + 1.96 SE, where SE is the standard error value
from the y-axis (assuming level=95). A lack of symmetry around the vertical line is an indicator of
publication bias (see text)

Tables

Table 1. Significant results of the meta-analysis on main risk factors

Table 2. Results of the meta-analysis on disaggregated risk factors
Table 3. Effect of handling on the pooled OR for seafood

Data statement
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Figure 1: PRISMA Flow chart of included studies
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891 Figure 8: Funnel plots of models investigating categorized risk factors (Travelhost-

892  specific,environment in mixed and children population)
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895  Table 1: Results of the meta-analysis on main risk factors

896  *Number of studies/number of ORs

897 ** Points removed by sensitivity analysis, all results are given after removing data concerned

898 ***Between-study variability (t2), test for residual heterogeneity (QE), variance of residuals (s2), intra-class
899  correlation (1?)
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901
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903

904
905  Table 3: Effect of handling on the pooled OR for seafood consumption
906
Risk Handlin Pooled OR | N/n* | p-value Increase in Points | Public | Heterogenei
Factor g [1C95%)] of risk pooled OR remov ation ty
factor [95% CI] ed** bias analysis***
p-
value
Seafood Raw 3.317 [ 5/8 0.0120 2.277 [1.198 2 0.949 | t2=0.807
(at) 0.975 - -4.329] QF(df=23)=3
11.28] 69.5,
Base 1.456 9/18 0.2052 _ p-val<0.0001
[0.814 - $2=1.652
2.606] 12=32.84

907 *Number of studies/number of ORs

908 ** Points removed by sensitivity analysis, all results are given after removing data concerned

909 ***Between-study variability (t2), test for residual heterogeneity (QE), variance of residuals (s2), intra-class
910  correlation (1?)

911 (at): analysis type is significant : OR are given for multivariate analysis

912

913

914

915
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Table 1: Results of the meta-analysis on main risk factors

Population Geogra- Risk factor Pooled OR [95% Cl] N/n* p-value of risk Publication Points Heterogeneity
phical factor bias removed ** analysis***
area p-value
Travels
Mixed All Abroad 4.110[2.716 - 6.218] 21/49 <.0001 0.302 4 2=0.264
QF(df=54)=537.8,
Inside 2.663[1.797 - 3.945] 4/7 0.0005 p-val<0.0001
$2=1.507
12=14.91
Children All Travels (abroad) 3.059[2.347 - 3.986] 4/9 <.0001 0.002 0 12=0.0185
Q(df=8)=20.19,
p-val=0.009
s2=0.609
12=2.947
Poor personal hygiene
Children All Poor hygiene 3.268 [1.758 - 6.076] 2/2 0.0002 0.960 0 12=0.383
QE(df=10)=40.72,
p-val<0.0001
$2=0.246
12=60.90
Animals & low hygienic practices
Mixed All Animals & low 1.631[1.244 - 2.139] 4/6 0.0004 0.368 0 2=0.007
hygienic Q(df=5)=6.310,
practices p-val=0.277
$2=0.291
12=2.418
Environment
Mixed Africa Drink water 1.197 8/13 0.048 0.692 0 2=1.023
excluded (10 [1.001-1.432] QE(df = 86) = 548.330, p-val <0.00
ORs Day care 1.571[1.164 - 2.119] 13/27 0.003 01
removed) $2=0.381
Farm (rural 1.710[1.248- 2.344] 7/8 0.001 12=72.875
residence)
Playground 2.082 [1.293- 3.350] 2/3 0.003
1.690 <.0001
Waste water [1.319- 2.166] 15/37




Children All Drink water 1.815[1.223 - 2.694] 8/24 0.0031 0.001 2=0.754
Day care 1.679[1.024 - 2.753] 4/6 0.0399 QE(df=48)=259.2,
p-val<0.0001
Waste water 1.645 [1.411 - 1.918] 8/19 <.0001 s2=0.415
12=64.51
Person-to-person by population
All South . 1.946 [1.364 - 2.776] 0.802 =0.649
America (4 Mixed 18/70 U000 QE(df = 82) = 500.069, p-val < 0.00
ORs and 01
Africa (3 . s2=0.769
ORs) Children 3.222 [2.393 - 4.338] 3/6 <0.0001 = 45 78095
removed
Person-to-person by type of transmission
Mixed South Contact (jaundice <0.0001 0.730 12=1.026
e 3.171[1.920- 5.236 11/25
America (2 or hepatitis case ) [ ] / QE(df = 64) = 342.427, p-val < 0.00
ORs PWID (drug user) <0.0001 01
removed) 2.206 [1.497- 3.249] 2/5 220,640
<0.0001 12=61.578
risk sex 1.708 [1.327- 2.198] 5/23
activity
Food
s - 2—
Mixed All Crop Products 2.727 [1.406 - 5.288] 2/3 0.0030 0.908 1°=1.739
QE(df=29)=431.9,
0.0006 p-val<0.0001
2.398 [1.459 - 3.940] $2=1.463
Seafood 11/26 125431
Children All 12=0.1425
0.0109 0.013 QE(df=6)=9.831,
Beverages 2.032[1.177 - 3.508] 3/4 p-val=0.132
s2=0.28
12=33.728

*Number of studies/number of ORs

** Points removed by sensitivity analysis, all results are given after removing data concerned

***Batween-study variability (t?), test for residual heterogeneity (Q and QE), variance of residuals (s?), intra-class correlation (I?)




Table 2: Results of the meta-analysis on disaggregated risk factors

Risk Factor Population Geographical Pooled OR [95% CI] N/n* p-value of risk Publication bias p- Points Heterogeneity
precise area factor value removed** analysis***
12=0.997
QE(df=25)=287.7,
Mollusks Mixed & All 2.503 [1.388- 4.515] 12/20 0.002 0.677 0 p-val<0.0001
children(10R) $2=1.196
12=45.47
12=0.556,
QE(df = 4) =33.42,p-val
Composite dishes All All 3.539 [1.423 - 8.804] 3/4 0.007 0.680 0 <0.0001
s2=0.947
12=36.97

*Number of studies/number of ORs
** Points removed by sensitivity analysis, all results are given after removing data concerned

***Batween-study variability (t?), test for residual heterogeneity (QE), variance of residuals (s?), intra-class correlation (1?)






