1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Sex Health. Author manuscript; available in PMC 2021 September 22.

-, HHS Public Access
«

Published in final edited form as:
Sex Health. 2021 July ; 18(3): 269-279. doi:10.1071/SH20185.

Hepatitis B prevalence association with sexually transmitted
infections: A systematic review and meta-analysis

Elliot Marseille, DrPH, MPP1, Aaron M. Harris, MD, MPHZ2, Hacsi Horvath3, Andrea Parriott,
MPH, PhD#, Mohsen Malekinejad, MD, DrPH®, Noele P. Nelson, MD, PhD, MPHZ, Michelle
Van Handel, MPH2, James G. Kahn, MD, MPH3

1Health Strategies International
2U.S. Centers for Disease Control and Prevention; Division of Viral Hepatitis

3Philip R. Lee Institute for Health Policy Studies, Global Health Sciences, and Global Health
Economics Consortium, University of California, San Francisco

4Philip R. Lee Institute for Health Policy Studies and Consortium to Assess Prevention
Economics, University of California, San Francisco

SPhilip R. Lee Institute for Health Policy Studies, Global Health Sciences and Consortium to
Assess Prevention Economics, University of California, San Francisco

Abstract

Background.—Hepatitis B vaccination is recommended for persons with current or past
sexually transmitted infections (STI). Our aim is to systematically assess the association of
hepatitis B virus (HBV) sero-markers for current or past infection with syphilis, chlamydia,
gonorrhea, or unspecified STIs.

Methods.—We conducted a systematic review and meta-analysis. PubMed, Embase, and Web of
Science from 1982 —2018 were searched using MeSH terms for HBV, STls and epidemiology. We
included studies conducted in Organization for Economic Cooperation and Development countries
or Latin America that permit the calculation of prevalence ratios (PRs) for HBV and STls and
extracted PRs and counts by HBV and STI status.

Results.—Of 3,144 identified studies, 43 met inclusion requirements, yielding 72 PRs. We
stratified outcomes by HBV sero-markers (surface antigen [HBsAg], core antigen [anti-HBc],
combined ), STI pathogen (syphilis, gonorrhea/chlamydia, unspecified), and STI history (current,
past) resulting in 18 potential outcome groups, for which results were available for 14. For the
four outcome groups related to HBsAg, PR point estimates ranged from 1.65 — 6.76. For the
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five outcome groups related to anti-HBc, PRs ranged from 1.30 — 1.82; and for the five outcome
groups related to combined HBV markers, PRs ranged from 1.15 — 1.89). The median HBsAg
prevalence among people with a current or past STI was 4.17; not all studies reported HBSAg.
Study settings and populations varied.

Conclusion.—This review found evidence of association between HBV infection and current or
past STIs.
Summary:

Chronic hepatitis B virus (HBV) infection is a major source of morbidity and mortality in the
United States and the most common source of HBV infection among adults is sexual contact. We
conducted a comprehensive systematic review and meta-analysis of the association of hepatitis

B prevalence among persons with current and past sexually transmitted infection and found

the prevalence of hepatitis B significantly associated with sexually transmitted infection. These
findings can inform potential recommendations for expanded hepatitis B testing.

Keywords

systematic review; meta-analysis; hepatitis B; sexually transmitted infections; gonorrhea;
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Introduction

Chronic hepatitis B virus (HBV) infection is a major source of morbidity and mortality
worldwide. An estimated 257 million persons worldwide are chronically infected with HBV,
which results in approximately 887,000 deaths annually (1). In the United States, 847,000
persons were living with the disease in 2011-2012 (2) and 1,698 deaths were attributed to
HBYV in 2016 (3). About two-thirds of persons with chronic HBV infection were unaware of
their infection, and an estimated 15% of treatment-eligible patients are receiving treatment
4,5).

Chronic HBV infection is defined as the presence of hepatitis B surface antigen (HBsAQ)
for more than 6 months. Prevalence is highest among persons born in the Pacific Islands,
Asia and Africa (2, 6). Other high-burden populations include men who have sex with men
(MSM), persons who inject drugs (PWID), persons who have been incarcerated, and sexual
and household contacts of persons with HBV infection (7). The Centers for Disease Control
and Prevention (CDC) recommends screening for hepatitis B among person at risk; however
current guidelines do not include testing persons with a history of STI (8).

Since both sexually transmitted infections (STI) and HBV infections can be transmitted
through unprotected sexual contact, persons with current or past STI are at elevated risk

for HBV infection. As a result, CDC recommends hepatitis B vaccination in adults seeking
evaluation or treatment for STIs (9). While CDC does not recommend pre-vaccination
testing for persons with current or past STI, the American Association for the Study of Liver
Disease recommends hepatitis B testing for these persons (10), and the American College
of Physicians recommends hepatitis B testing for persons with a history of STI as a best
practice (7). Hepatitis B is commonly transmitted through sexual contact (11); however, the
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hepatitis B prevalence among persons with current or past ST is unknown. We report the
association of hepatitis B prevalence among persons with current and past STI through a
comprehensive systematic review and meta-analysis.

Our methods are based on recommendations of the Cochrane Collaboration (12), and
reporting is consistent with Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and checklist; details available in Appendix A (13).

Data sources and searches.

We searched PubMed, Embase and Web of Science, employing terms from Medical Subject
Headings (MeSH) relevant to HBV infection, STls and epidemiology. We reviewed the
literature between 1982, when the first HBV vaccine was approved, and our search date of
March 18, 2018. Search terms and strategy are shown in Appendix B.

Study selection.

To be included, studies needed to report prevalence of hepatitis B and past or current
syphilis, gonorrhea/chlamydia or unspecified STIs, from any of the 36 high-income
countries of the Organization for Economic Co-operation and Development (OECD) or a
Latin American country. In addition, they either needed to provide measures of association
such as odds ratios (ORs) or prevalence ratios (PRs) or provide data on HBV prevalence

in both STI-exposed (past or current STI) and STI-unexposed (no past or current STI)
sub-groups, from which PRs could be derived. Randomized controlled trials, prospective

or retrospective observational cohorts, serial cross-sectional studies, and other longitudinal
analyses published in any language were eligible for inclusion. Studies in peer-reviewed
journals, reports from scientific conferences, and doctoral dissertations were eligible for
inclusion. Studies in languages other than English were assessed by translating key passages
into English using Google Translate. HBV infection could be defined as positive surface
antigen (HBsAg) or as core antibody detection (anti-HBc), and we stratified results
according to these two types of markers. We also included studies that combined HBV
marker types without specifying which, surface antigen or core antibody, was used to define
HBYV infection. STI prevalence data could reflect current or past infections. Studies were
excluded if they focused on persons with HIV or immigrant populations.

Data synthesis and analysis.

We used PRs as the measure of association between HBV infection and STls. In addition to
the few studies that provided PRs (or risk ratios) directly, studies were included if PRs could
be constructed from the reported data. When adjusted measures were provided, typically

as ORs, we used adjusted measures rather than crude measures. However, when adjusted
measures were not reported, but data were available to construct unadjusted PRs from 2 x 2
data we did so, using Open-Epi’s 2 x 2 table function (14). “2 x 2 data” refers to the number
of HBV negative and HBV positive cases for both STI negative and STI positive groups.
We used 2 x 2 data even if unadjusted ORs were available in order to keep consistent and
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precise methods. We converted both adjusted ORs and unadjusted ORs when 2 x 2 data were
unavailable to PRs using the formula suggested by Zhang and Yu (15),

PR = OR/((1 — Pg) + (P X OR))

where, Py is the prevalence of the outcome of interest (HBV-positivity) in the unexposed
group (STI-negative).

We used Comprehensive Meta Analysis™ (Version 3.3, Englewood, New Jersey) software
to perform the meta-analysis. We used a random effects model because included studies
were diverse in design, setting, and population (16).

Hepatitis B screening should include HBsAg, antibody to HBsAg (anti-HBs), and anti-HBc
so that patients can be categorized into clinical states for appropriate management (7). Our
methods divided HBV serological markers because not all the studies included results of
all 3 serologic markers. Therefore, we defined 18 meta-analyses strata, a priori, according
to three variables that would likely affect the association of HBV infection and STI, as

well as the clinical care for persons with HBV infection or STI, as follows: HBV markers
(three groups: HBsAg, anti-HBc, combined), STI type (three groups: syphilis, gonorrhea
or chlamydia [treated as one group], unspecified), and STI history (two groups: current or
past). We used funnel plots to visually explore the relationship between the log of the pooled
PR and their associated standard errors. To portray study heterogeneity, we reported the
lota-square statistic and its p-value for each pooled outcome (17, 18).

Data extraction and quality assessment.

We imported records resulting from our search into EndNote™ (\ersion X8, Pittsburgh,
PA). One reviewer removed duplicate records. After removing duplicate records, a reviewer
performed an initial review to exclude citations that were clearly irrelevant (e.g., different
disease), and then screened citation titles, abstracts and keywords of the remaining citations
to identify records for full-text review. The lead author conducted quality assessment by
sampling 50% of the excluded records to ensure no systematic exclusion of eligible studies.
The full text of each screened-in article was obtained and then reviewed by the lead

author to establish final relevance of the study according to the pre-specified inclusion
criteria. Reasons for exclusion were recorded, such as no prevalence ratio reported or
calculable from the available data, or the study pertained to a migrant population. The lead
author extracted the measures of association as descried in the data synthesis and analysis
section. Data were extracted into a database maintained in Microsoft Excel™ (\ersion
Office 365, Redmond, Washington). A senior statistician and study co-author checked all
calculations to ensure that the numbers were extracted, interpreted and calculated properly.
For the risk of bias assessment, the Quality Assessment Tool for Observation Cohort and
Cross-sectional Studies was used since only observational studies were identified (19).
Two reviewers independently evaluated study quality and differences were resolved by a
third reviewer to determine the adequacy of study population selection and recruitment,
outcome and exposure measurement and assessment, and statistical analyses, relative to
other observational studies, using (Appendix C).
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Results

Search results.

Our searches yielded 3,144 unique citations, including 1,740 from PubMed, 235 from
Embase and 1,169 from Web of Science, yielding 2,114 citations after removal of duplicates.
(Figure 1). Screening of titles and abstracts identified 329 citations for full text review, of
which 43 met inclusion criteria and were advanced to data extraction and inclusion in the
meta-analysis. Key information on the 43 included studies is shown in Table 1.

Classifying studies by HBV marker type, we included nine studies reporting prevalence by
surface antigen (HBsAQ) positivity providing 13 PRs; 19 studies reporting core antibody
(anti-HBc) prevalence providing 37 PRs; and 18 studies that did not identify which HBV
marker was used providing 25 PRs. Thus, a total of 75 PRs were included in the meta-
analysis from a total of 43 studies. Three studies (Carmo 2014, Hennessey 2009, and van
Duynhoven 1997) provided data on both HBsAg and anti-HBc (20-22). Thus, the number of
studies shown in Appendix D, 72, differs from the number of PRs, 75. Nearly half (47.9%)
of the PRs reported associations with syphilis, 12.9% reported associations with chlamydia
or gonorrhea, and 39.2% reported associations with unspecified STI. Of the 72 PRs, 38
(52.8%) were unadjusted and 34 were adjusted, typically by basic demographics such as
age and sex. By geographical classification, PRs were divided between OECD countries
excluding the U.S. (24.0%), the U.S. (37.5%), and Latin America (38.5%). (See Appendix
D)

Hepatitis B prevalence among persons with STIs.

Among the 13 PRs that incorporated HBsAg, we derived 11 values for hepatitis B
prevalence among persons with STIs finding that the median prevalence 4.17%, and ranged
from 0.91% (95% CI: 0.60, 1.37%) among first-time blood donors in the U.S. for current
syphilis (23) to 33.2% (95% CI: 27.4%, 39.0%) among MSM in the U.S. for current
unspecified STIs (24). See Table 1.

Meta-analysis results.

Overall, we found positive and statistically significant associations between HBV infection
and STI prevalence in 12 of the 14 strata for which we were able to calculate pooled PRs.
None of the pooled results showed negative associations between HBV infection and STIs.
Specific results grouped by HBV marker are presented below:

Surface antigen (HBsAQ) as the marker for HBV-positivity—We reported four
data points (two pooled and two based on a single study) for the association of STI and
HBYV infection for studies using HBsAg as the marker for HBV-positivity. Of these, three
showed statistically significant associations: past syphilis (k=1, PR 2.36, 95% CI: 1.36,
4.08), current syphilis (k=6, PR 6.76, 95% CI: 2.10, 21.76), (Figure 2) and past unspecified
STIs (k=5, PR 1.65, 95% ClI: 1.08, 2.52), (See Figure 3 in web appendix). The result for
current chlamydia / gonorrhea showed a positive but statistically insignificant association
(k=1, PR 2.00, 95% CI: 0.93, 4.32). (See Figure 4 in web appendix). (Note that these figures
do not always match the results shown in Appendix E, as the latter displays unadjusted
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outcomes only). We observed high heterogeneity (12 73.6% and 91.4%) in the two analyses
for which heterogeneity could be assessed.

Core antibody (anti-HBc) as the marker for HBV-positivity—We reported five
pooled data outcomes for the association of STI and HBV infection for studies using anti-
HBc as the marker for HBV-positivity. All showed statistically significant associations: past
syphilis (k=6, PR 1.48, 95% CI: 1.10, 1.99), current syphilis (k=7, PR 1.82, 95% ClI: 1.60,
2.06), past chlamydia / gonorrhea, (k=8, PR 1.30, 95% CI: 1.02, 1.66), and past and current
unspecified STIs, (k=12, PR 1.62, 95% CI: 1.31, 1.99) and (k=4, PR1.42, 95% CI: 1.23,
1.63), respectively. The result for current unspecified STIs showed moderate heterogeneity,
(12 42.4%). The other four outcomes had high heterogeneity with 12 ranging from 83.8% -
97.6%

Combined surface antigen (HBsAQ) or core antibody (anti-HBc) as the marker
for HBV-positivity—We reported five pooled outcomes for the association of STI and
HBYV infection for studies that combined HBV marker types. Three of these showed
statistically significant associations: current syphilis (k=7, PR 1.69, 95% CI: 1.39, 2.07),
past chlamydia / gonorrhea, (k=2, PR 1.73, 95% CI: 1.48, 2.01), and past and unspecified
STIs (k=8, PR 1.89, 95% ClI: 1.52, 2.37). The pooled outcomes for past syphilis and current
chlamydia / gonorrhea were not statistically significant (k=3, PR 1.51, 95% ClI: 0.89, 1.52)
and (k=2, PR 1.15, 95% CI: 0.77, 1.62), respectively. The result showed high heterogeneity
for current and past syphilis (12 95 — 96%), moderate heterogeneity for unspecified STI (12
45%), and low heterogeneity for current and past chlamydia / gonorrhea (12 0% - 15%). See
Table 2 below.

Sensitivity analysis.

Gilson 1998 used a different measure of STI prevalence than the other studies, namely <2
versus =2 lifetime episodes (25). If this study is removed, the pooled PR for the association
between anti-HBc and past unspecified STIs is 1.43 (Cl 1.23- 1.67) versus 1.62 (Cl 1.31-
1.99) when Gilson 1998 is included.

The majority (88%) of studies had an overall study quality rating of fair relative to other
observational studies (Appendix C). No studies had an overall quality rating of poor, and
thus no sensitivity analyses were conducted to assess impact of excluding studies with a
poor quality rating. However, there was noted variability identified for statistical adjustment
for potential confounding variables. In order to understand the effect that a mix of adjusted
and unadjusted measures may have had on our results, we ran the analysis using unadjusted
measures only. Of the 11 pooled PRs that were statistically significant in the full data set,
two lost their statistical significance (the association between HBsAg and unspecified past
STIs, and between anti-HBc and unspecified current STIs). See Appendix E.

Discussion

We undertook a systematic review and meta-analysis of the relationship between HBV
infection and current or past STIs. We found a substantial body of evidence suggesting
that there are positive and statistically significant associations between the prevalence of
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hepatitis B and STIs in the mix of countries, settings, and subpopulations for which we
found usable studies. HBsAg prevalence among persons with STIs were derived from 11
of the 13 outcomes available for studies specifically reporting HBsAg prevalence with a
median value of 4.17% and a range of 0.91% to 33.20% depending on the population,
setting, and infection pathogen.

Among adults in the United States, the most common route of transmission for hepatitis B
virus is sexual contact Among the 26% of persons with case-reports of acute HBV infection
with information about risk behaviors or exposures, 22.9% reported having two or more
sexual partners, 6.5% reported sexual contact with an HBV-infected person, and 12.2% of
males reported having sex with another male (26). As many as 10%-40% of adults seeking
treatment in STI clinics have evidence of current or past HBV infection, and 39% were
screened or sought care for an STI prior to becoming infected with HBV (27). As a result,
CDC recommends vaccination of adults at risk for HBV infection including persons at risk
for infection by sexual exposure (28).

CDC does not currently recommend pre-vaccination serologic testing for HBV among
persons with current or a history of STI (9), although the American Association for the
Study of Liver Disease has recommended testing this group since 2009 (10). HBV infection
and STI share common modes of transmission, and hepatitis B can be transmitted by sexual
exposure. Transmission also occurs by close person-to-person contact by open cuts and
sores, in hyperendemic areas (28). Therefore, persons with STI are likely at increased risk
of HBV infection and should be vaccinated, and considered for pre-vaccination serologic
testing (29). Screening, linkage to care, and vaccination programs for adults at risk for
hepatitis B are a best practice (6). Our review suggests high hepatitis B prevalence among
persons with current or past STI. As a result of this higher hepatitis B prevalence, person
with a history of STI could benefit by receiving hepatitis B vaccination if they are negative
or be linked to life saving care and treatment if they are found to be positive. In addition,
those who are identified as positive can be counseled and is an opportunity to disrupt
transmission of the virus to others.

While there was a large range of values for HBV infection and STI prevalence in the
populations included in this review, the range of prevalence ratios is much more constrained.
The pooled estimates vary from 1.65 to 6.76 for HBsAg, from 1.30 to 1.82 for anti-HBc and
1.15 to 1.89 unspecified HBsAg / anti-HBc. This suggests that, given a known prevalence
of STIs within a potential target population, one might make reasonably precise estimates of
the yield of HBV-positive persons.

We observed an overall clustering of effect sizes around the top of all three funnels reflecting
the preponderance of large studies. This observation suggests that smaller studies could

have been excluded. However, there is no reason to think that this exclusion was due to

the magnitude or direction of their association. In addition, any potential exclusion of such
studies is unlikely to affect the pooled effect sizes. For one of the three plots, we observed

a few effect sizes on the right side of the plot but not on the left side at the bottom of the
funnel; in addition to risk of publication bias, data heterogeneity chance, and other reasons
may explain this asymmetry (17). (See Appendix F).

Sex Health. Author manuscript; available in PMC 2021 September 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marseille et al.

Page 8

Among the strengths of this paper are its comprehensive look at the range of relevant

HBYV markers and STIs combined with a sufficiently large number of outcomes to test for
statistical significance within each stratum. Thus, we were able to group ‘like with like” and
still obtain, for most pooled estimates, a fairly narrow confidence interval. The results were
robust to sensitivity analyses in which a study with a different approach to portraying STI
outcomes was omitted, and to confining the analyses to unadjusted outcomes only.

However, there are limitations to the methods employed in this study. We confined our
literature search to PubMed, Embase and the Web of Science data bases, and did not
exhaustively review the grey literature. It is thus possible that we excluded relevant
information that may have affected findings. Because there are no other published
systematic reviews pertaining to our research question, it is not possible to compare our
results against those of other investigators who might have used different methods. As in all
systematic reviews, we evaluated only studies that met inclusion criteria. Broader criteria,
such as acceptance of earlier studies, or a different geographic or economic specification of
included countries, might have yielded a different result, although the inclusion / exclusion
criteria used are appropriate to the research question we addressed.

Given the existence of contextual heterogeneity (i.e., variation in population, study design,
outcome reporting metrics) and statistical heterogeneity, we used random effects. Thus, the
pooled point estimates provide an overall average effect size that may not be accurate for
specific target populations and settings. Therefore, in addition to point estimates, confidence
intervals should be taken into considerations for decision-making pertaining to disease
screening programs or modeling. Given the cross-sectional nature of most of studies and
the fact that both types of infections share common risk factors, we only assessed their
association, not causal relationships. Related, during the quality assessment, we did not
reduce the overall quality rating for studies that did not measure exposures prior to the
outcome of interest since it would not be ethical in most instances to delay an effective
vaccination in order to monitor outcomes overtime.

We derived PRs from adjusted measures of association when available and thus have a

mix of adjusted and unadjusted PRs, Sensitivity analyses suggests this is not a major issue.
Not all studies included HBsAg, which may have limited our estimations of the association
between STI and infectious HBV. Including studies that reported on HBsAg or anti-HBc
markers but did not specify which was used to determine hepatitis B status introduces

an element of ambiguity in the interpretation of that sub-set of findings. However, these
findings are consistent with findings pertaining to the known HBV marker types. Removing
these results does not affect our overall findings. Even if we stratified data by HBV markers
and STI pathogens, there is still a high degree of heterogeneity in some of the pooled
analyses. This suggests that factors other than those for which we stratified may explain the
heterogeneity.

Conclusion

This systematic review and meta-analysis found a substantial body of evidence suggesting
robust and statistically significant associations between the prevalence of HBV infection and

Sex Health. Author manuscript; available in PMC 2021 September 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marseille et al.

Page 9

STIs for multiple infections and using various serologic tests. These findings may be useful
in better understanding the potential benefits of pre-vaccination serologic testing for HBV
among persons with or at risk for STIs and framing potential recommendations for expanded
hepatitis B testing.
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Records identified through database
searching Pubmed (n=1,740), Embase (n
=235), Web of Science (n = 1,169)

n = 3,144 total
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Figure 1:
Flowchart for systematic review?!

n=1,030
A
n Records screened
E based on title and
9 abstract
5]
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Records excluded
—_— n=1,787
)
—
v
z Full-text articles Full-text articles excluded,
= assessed for eligibility with reasons
2 n=329 n =286
= No PR reported or calculable - 92.2%
Migrant population —0.7%
No HBV or STl data — 1.1%
= Other —5.2%
—
Studies included in quantitative synthesis (n=43%)
E n = 9: Surface antigen (HBsAg)
3 n = 19: Core antibody markers (anti-HBc)
Q o Y
£ n = 18: Either surface or core markers, but unspecified
J
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Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PL0S
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2. Three studies contributed outcomes to two HBV marker types
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Groupby STitype  Study name Statistics for each study
Past vs Current STI Rek  Lower Uppor
ratio  limit limit
Qurent Sphiis  Homessey200B- syph(suf) 600 232 15343
Qurert Syphils  Mranda 2001 - sypills 50 464 36
Qurent Sphiis  Rrazzni 192- syph (TFHY) 1560 0736 32683
Qurent Sphiis  Rrazni192- syph (VIR) 0910 0341 2430
Qurent Sphils  Zou09- syph Firstdonrs 16680 11088 25010
Qurent Syphils  Zou2009- syph Repeatdoror 117720 15571 889988
Qurent 679 209 21781
Rt Sptils  Cmo2014b- syphs 230 134 408
Rt 230 134 408

p-Value
0000
0000
0249
081
0000
0000
0001
0002
0002

Rsk ratioand 95%Q

Figure 2.

Forest plot - Association between HBsAg and past and current syphilis.
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by STtype Study name Statistics for each study

Past vs Current STI

Rsk Lower Upper

ratio fimit  limit p-Vaue
Past ST-uspec.  Camo2014b- STI 090 0683 136 0675
Past ST-uspec.  Mranda 2001- ST 1000 0136 7416 1000
Past ST-unspec.  Souto 2001 - STs 360 134 98K 0010
Past ST-uspec.  venDyrhoven 1997- STs-suf 2460 134 432 002
Past ST-uspec.  Weinbaum2008- STk 1680 1438 198 0000
Past 160 1081 2518 000

001

Risk ratio and 95%C1

01

0l.+

100

Figure 3.

Forest plot - Association between HBsAg and past unspecified STIs.
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Group by Study name Statistics for each study ST type Risk ratio and 95% CI
Past vs Current STI

Risk Lower Upper

rato  fimt  limt  ZValue p-Value

Current Hart 1992 - Currentgon 2000 0926 4320 1764 0078 Chiam/Gon

Current 2000 0926 4320 1764 0078

Negative association Positive association

Figure 4.
Forest plot - Association between HBsAg and current gonorrhea

Sex Health. Author manuscript; available in PMC 2021 September 22.

Page 14



Page 15

Marseille et al.

(L¥6-25°9T)
‘ZLLTT 'SST (S21-8L°0) LTT 100 siouop pooq jeaday
(162
-80'TT)
'99°'9T '€0¢T (L£'1-9'0) 16'0 500 stjIydAs uaund $10UOp Poo|q 3w 1sil4 Jreq S3MS UoIreuop poolg vsn 600Z ‘Uoisnjsuel] ‘noz
3|Mess “4'S ‘OAN
(96'1-97'T) ‘Weln "y 'sejfed ‘led 8002 ‘U}EH 211and
‘99'T 'v28e (6e-0%'22) 0Z°€E 0097 SILS uaLnD INSIN poo9 'SONUBA PAJIIUBPI-INSIN vsn [ WY ‘wnequism
(eev-6€T) WepJanoy Jo [endsoH /66T PN ULINO)UID
‘9%'2 '9/8¢ (08'€-66'T) 22 0Tt SIS 15ed SJUBIID OIUId LS Jreq Ansisnun 18 01UI0 |LS | SpuepayleN ‘uanoyuAng uea
Aunod
(80'6-62°T) SIBUIIN seseidy U1 sdures suiw 1002 “ZNID Op[emMsQ
'29°€ ‘Tly (29:21-02'9) 26'8 0L'e SIS 1sed pjof pasodxa-eLieeN IreH p1ob 9T Buisdwiod ealy 1zeig 1SU| WA ‘0IN0S
(tz'z-1e0)
‘16°0 ‘885 (82°8T-16°€) 606 06'9 - Juswieal)
als 1o gls payoadsns
(65'€-18°0) 104 91U112 0} SBAJBSWAY} 2661 PN
‘GG'T ‘885 (81°G2-St'8) 90°'ST 08'L - paliajal oym sjualied Jreq SOIUIO | LS OML Aren UMNoNURYD ‘lUIzZZeled
(99°¢e—797)
‘0521 '809T | (19°22-60%) Zv'0T siydAs uaun)
(ST'L-€T°0) Anpedpuny 100Z “sia
‘00°T ‘8091 dN 080 S|1S 1sed uswiom ueubald lleq BLIOUA Ul SIUI[D [eleusiuy l1zeag wisuel | xoS ‘epueliin
(v6'v1-0€°2) € 6002 ‘Y esH
‘209 'S9TTT (0L¢-0v"0) '00°2 060 dAsuaund |+ IN) sevewur frel Bujwooul Jreq | 4's ‘nonaq ‘obeoryd - jreg vsn uequn ‘AsssauusH
(0z'7—06°0) ©ayLouoB sa[ewsaS - pousad 66T
‘00°Z ‘866€ N oT'L waun Apms Buninp sespusne ||V Jreq apIeapY Ol 11S eljensny 'sIQ Wsuel | XaS ‘LeH
(L0¥-9€T)
‘9g'C ‘ovTe (AN) ‘LTv sijydAs 1sed
(9€'1-99°0) J1apun ssau| 1 LERITNES 102 ‘Are1yohsd
‘€6°0 ‘9LT¢ (4N) ‘Z6'T 002 SI1S 1sed s)npe pajos|ss Ajwopuey Jreq ey reyusw o1jgnd 9z l1zeig dsoH us9 ‘owed
(12 %56
yb1H-mo1) (1D %56 UBIH- Burel
“189 Julod ‘N MOT) IS8 JUI0d adnseaw | 1S uoine|ndod Aend Bumes A1uno)d JeaA “gnd “oyiny
7 soled
Jousjenald sannisod-11S sannebau-11s

(9%) @ouajenaid g sniredeH

Joy.rew AGH se (BysqH) usBiue soeyuns Busnssipnis v

Author Manuscript

S|LS pue suonJajul AgGH U8amIag UOITRID0SSE JO LOIRINI[LD Ul Papnjoul SaIpnis £ JO SoNsiIeoeRy)D

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

Sex Health. Author manuscript; available in PMC 2021 September 22.



Page 16

Marseille et al.

w1z H 00s1oURI 6002 ‘Y)esH
-0S'T) ‘08T '99TTT 009T + IN) sarewur |rel Burwoou| Jeq4 | ues ‘nonaq ‘obealy) - jrep SN ueqin [ ‘AessauusH
UeaURLISYIPSIN 79 BILY M
(tzy Jauuosiad dioD ‘edliswy 'S 01 JuawAojdap (.Bumes,, 266T's1a
-0T'T) ‘¥8'T ‘1202 0L'e SILS 1sed SULIBIAl pue Sslsquisw MaiD pooo uo sdiys AneN SN XIS 835) VSN 1084U| [ ‘supimeH
S9OUINOI4 8 Ul SMSH
(Ory pasaisiBaiun €T0Z “1084u]
-0T'T) ‘T2°Z ‘'8¢ 008 sijiydAs uann) SMSAH poos pue palalsiBal 1) sanuap eweued wisuel] xas ‘aiyeH
(992
—£0°0) '00'T ‘128 09'v uawiom Bau-AIH
(222
-8€0) 'v6°0 ‘L2S 0£9 soposida UsW [enxasousiay Bau-AlH
suwinayl ¢>
(S92 SA ¢< uopuo- [esjuad ul wopbury| 866T “199juU|
-8¢€'¢) ‘6T°S ‘TvY 06'82 SI1S 1sed usw [enxasowoy Bau-AIH e 21UID INND $$8298 UadO pauun wisuel] Xas ‘uos|io
(ote si1ydAs Joy euljosed "N ul ¥661"'s1a
—0T'T) ‘0S'T ‘6T 09'G siiydAs uaind Pa1sal SIUBIND 21UID ALS e S91IUN0D 334U} ‘SAIUID | 1S vsn Wwisuel | Xas ‘snasi
(e 066T *'JYISUBLIOM
—08'T) '00'C ‘T96T 0€'cs s1|1ydAs 1sed usw |enxasiq pue Aeo Jre4 2D AIH Auewien uliy 4sbuue@
(652
—TS'T) '10°C ‘L6VT 00°€T sijydAs yuaingd
(LzT eay110uob 9661
—€/°0) ‘860 ‘L6VT 0T'8T / eIpAwe|yd 1sed s|enxasoJta1sy iMd-UoN pooo w0y urdwp 1Ls K “]0JIA P3N [ ‘eU0J0D
ST s|enxasowoy gjMd-uou
—260) ‘ST ‘96T 00°05 - sjuaIfedinNo 8AINJBSUOD
(98°1 S[enxasoJtsidy diMd-uou T66T "108jul
-82°T) ‘95T ‘9€TT 01’12 SILS 1sed - sjuaiedino aANNJasUOD Jred W0y U1 a1 |1S Arey [o1waptd3 ‘euoiod
eluglon
(091 S53USS3|aWOY jo LT0T ‘8d11and
-£80) '€T'T ‘T/C 05'ST SILS 1sed Burousiiadxs suosied Jred Ao ut Jsyays o1jgnd l1zeig apnes ped "oy[enred
(851
-G0'T) ‘62T ‘0¥Te 0291 siIydAs 1sed
(eeT Japun ssau| 1 S90INIBS #1702 ‘Are1yohsd
=/0'T) ‘02T '9.T2 0L'ST S|LS ised S)Inpe pa1os)es Ajwopuey dred Uieay [exusw ofjgnd 9z l1zeig dsoH us9 ‘owlred
(809 €667 sIQ
—90'T) ‘¥S'2 ‘12T 0.6 siydAs uaind sannsold ajewa4 e 21UI19 Y3feay a1jgnd ureds wisuel | xas ‘soyelg
(12 %56 ubIH
-Mo7) “1s83utod ‘N | seaieBau-11S
Sonel u1 sousjensad Bune)
sousjenald g snnedsH ainseaw |1S uone|ndod Aifend Bumss Anunod JeaA “gnd “Uoyiny

Author Manuscript

Author Manuscript

e AGH se (o H-ue) Apognue 8100 Husn ssipnis *g

Author Manuscript

Author Manuscript

Sex Health. Author manuscript; available in PMC 2021 September 22.



Page 17

Marseille et al.

(g€ £002 ‘s1a
—€9'T) '2€'C '9/€ 00'0¢ SILS 1sed 0K +8T s1ua1fo o1uIfd 3| dred a1u1jo | 1S 91jgnd abre vsn wisued | xas ‘exdai
(12T asn Bnup 1911
-G6'0) 'TT'T ‘0S8 OuU - AIH JO YS1I Je sajewa
(2T AalMd-uou
-80°'T) '8T'T ‘Z1S - AIH JO st Je sajewsa
(811 aimd
—06°0) ‘£0°T ‘185 0092 sijiydAs 1sed - AIH 0 su Je sajewa4
(€81
—Z1'0) '88°0 ‘058
(2871 asn Bnup o1y
~¥80) ‘ST ‘058 00T OU - AIH JO XSl Je ss|ewisd
(9zC
—€2'T) 'L9'T ‘21§
(s81 alMd-uou
—GT'T) 'OF'T '2TS 00°0€ - AIH JO Ysu e ssjews
(€11
—680) '€0'T ‘18S
eIpAwelya
(91’1 1sed aimd 00¢
-/6'0) '90°'T ‘185 009, eaylIouob 1sed - AIH JO XSl Je ssjewsd Jreq 210M 10 swoy 1 vsSn “'s1Q 198Ul UlpD ‘uslL
(00’8 AyredejnBeos
-00'2) '00'7 ‘0§ 0002 yum sid sjews) pue afei
|1zedg ‘ezsjeloH ‘J8JUBD LT0C
(T ainjie} [euas d1U0IYD ABojorewsy a1jgnd ‘UieaH 211gnd soy
-8/°0) ‘0T ‘TVT 06'7S SI1S 1sed yum sid sjewa) % ajeN e 19 sisAJe1poway ayenlld lizelg UoJIAUT [ Ju] ‘odIaqly
(sLe Aoisiy
—28°0) ‘0S'T ‘0¥ 0S'6 11Sd1ul[D
(s8'1
—89°0) ‘2T'T ‘€€¥ 09¢T S|LS 1sed
0JIdUel 3p 01y JO
(vse 8Je1s ‘ssusulni4 [esaps4 T00Z ‘Zni1D oplemsQ
—€0'T) ‘08T ‘0¥ 09'TT dAs Juand SJUsId JUNP AdLs IreH apepIsIBAIUN IUID 11S 11zeig 1sUj WA "BIIBANIIO
Jenxasiq
(851 /KB 79 [enxas01a)ay ‘afew 8867
—ST'T) '2€'T ‘€16 ov'or SILS 1sed ‘sJuald JIuld aLs e U1 | LS Arey “lolwapid3 ¢ N3 ‘BlpN
(90 SAASH Ul uo1108189p 866T ‘109ju] Wsuel]
~16°0) 'I8'T ‘86YT 08'S sijiydAs uann) SMSH Ireq 1LS/AIH Joj anuad 02IXaN X3S ‘eoJanbi4-zasen
(12 %56 UbIH
-mo) “1s8 Julod sannebau-11s
‘N u1 dousjenaad Buirea
solyed aouajenald g snnedsH ainseaw |1S uone|ndod Airend Bumss Anunod JesA “gnd Uoyiny

Author Manuscript

Author Manuscript

o rew AGH se (o H-hue) Apogiue 8100 Buisn sa1ipnis -0

Author Manuscript

Author Manuscript

Sex Health. Author manuscript; available in PMC 2021 September 22.



Page 18

Marseille et al.

(08'¥

Burdwes
uanL@-uapuodsay Buisn

910¢

—€8'T) '€€°€ '22S 0v'sT SILS 1sed paunidas NS e eIURI0D 40 AUD Ul NSIN lizelg ‘8UO SOd ‘BIIBAIIO
0O
(6T YieaH [edidiunin ‘seobely STOZ 'sia Jul
—€€'0) ‘18°0 ‘62.¥S or'o siydAs uaind uswiom jueubaid e 10 91018 JO [ended ‘01a2eA lizelg { [euoleulsu| ‘BINOIN
(00 Ao 8002 '199ju]
-GO'T) '8L'T 'ST9 0997 SILS 1sed SISALIP XoniL pooo elue109 ybnoiyy AemybiH lizelg wisueJ L Xas ‘sorel
Apnis
feutpnubuol AIH IAINY
(80T 10 s103[gns a1am oym siasn yoealino Anunwiwod
-16'0) '20'T ‘€6TC 05°€8 siydAs ised Bnip Al 3usLIND pue Jawio4 Jreq BAISUBIX® ‘alowed vsn G66T ‘103 [ Wy ‘auIne]
Jeak snoinaid Burinp usw sanIo
T +T UJIM 85IN02J3)U1 [BNX8S o1WBPUS-AGH 9 Ul A8AIns 0102 ‘6AH
~T2°T) ‘OF'T ‘¥GE 0S5'GC siydAs uaiund pey pue "0'A +8T UBIN Jreq 80UB[[19AINS [aUNUAS niad paN doil [ wy ‘ewe
sexa] ‘Yooqgn-
Ul 91u1]9 Juswieas) bnip
(202 Joyooje pue sbnip 03 79 UOISNOH Ul SOIUIJD 0002
~-¥80) ‘T¥'T L0V ov'ee SILS 1sed pajolppe sjuspisal Jusbipul pooo Juswyes Bnip om|. vsn 's1@ 1094u] UD ‘BuemH
ST0C ‘'sdlv
(s papn|oul a1aM Sayewlul |e d.LsS [ [euoneusdu|
—GT'T) ‘18T '1¢ 00'T¢C S|1S 1sed ‘Usw Joy uosud ojned oes lleq uaw Joy uosiid ojned oes l1zelg ‘ImelsgeN |13
SILS00'T
(20T - ¥2'0 elpAwe|yo
~28°0) '€€'T ‘1SS /"uoB Juain)
pouad
SILS €2°0 lews Joj uondsdesuod asn "elV ‘weybuiwing
(87'T - T0°0 eIpAwe|yo 01 Butuueld pue eufaid ‘UieaH Jo 1de@ A0 2661 'sid
—$5°0) ‘T6°0 LGS 00'vT / "uob juaiun)d 10U (+'0°A BT UBLUOM Il uosIaygsr dulD 11S vsSn Wwisuel Xas ‘nasreg
(erL 8867 ‘sIQ
—ZT'T) '€8'C ‘9€T 09'8 SILS 1sed SJews) UedLIBWY UBdLY e oI 11S vsn wsuel XS ‘Inoppeq
(12 %56 UbIH
-mo7) “1s8ulod ‘N | saaneBau-11S
Sones u1 9ousenaad Buires
8oudjenald g snnedsH ainseaw | 1S uone|ndod Anend Buimes A1uno)d sioyiny
sk few AgGH (0gH-nue) 8102 Jo (BysgH) adejins Jayie busnsaipnis 'a
(90°€
—€€'7) '2L'C 'SST1T or've stlydAs ised
si|iydAs
(892 10} BuIu93I9s aunnos pue 09s1oueI £66T
—G6'T) ‘0£Z '6STT 08'8T eaylIouob 1sed Wa]gold mau yum sjualied e UeS 21u1lD 1LS 21and vsn “WINVL YO0ISUIBM
(95T wepJanoy Jo [endsoH /66T P3N ULINO)UBD)
—60'T) '€€'T ‘8782 06°¢CT SILS Ised SjusIo dwIpP Als e Ansismun 1e 21U 11S SpueliayisN ‘uanoyuAng uea
(€9C oA
—00'T) ‘65T ‘Ze 009T +8T SIUBI|D DU BjewWaS

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Sex Health. Author manuscript; available in PMC 2021 September 22.



Page 19

Marseille et al.

‘saly
sousng pue 0apIASIUOIN
ur spooyoqyBiau awooul
-MO| WOJJ SI3SMN dUIRI0D
Bunoaluj-uoN Juswieasn

saseasip
oureIyaAsd pue Jasn Bnip
10} [endsoy a1jgnduou

T pue o1jgnd Z woly
pannIdal syusiredino 1o
pazifendsoH "suoleldosse
11A19 AQ paiinioal

Aenbnin

0TOZ ‘asnsiNl

(e€'5-91'2) 29°€ ‘68 %80T si|iydAs waund -UI pue JusWleal)-§o-1n0 Jreq SJua!fo payoesinO | pue eunuabiy 85N gns ‘0nelo0Z
(TTe 0102
—0S'T) 0v'Z ‘118 %05 sijiydAs waund INSIN Jreq 21U ODN eunuabiy ‘aled SQIV ‘einbes
sqnjoybiu Aeb pue
‘19)ua) YifeaH Anunwiwo)
‘PIO S1edk ¢z 01 8T Aemua- woly payinioal
‘SJUBPNIS 10U J1 ‘10 OE UeY) syuedionued JayiQ 'saba]j0d
(918 JabunoA pue eale uolsog ul 1e 4OeaiIno eIA payinoal 166T
=TTT) TT°E ‘LT€ %L°TT SI1S sed 808]102 u1 pajjoius INSIN e sjuedioned uspms vsn ‘day uyreaH gnd ‘abess
'4'S pue ‘tN ‘eluepy
8/6T Ul 4yoralIno YI0MIaU |eI20S
90UIS 92UO se3| Je sbnip /19941s ‘tN Ul sweafoud X1
J0 Asuow 1o} $a21AI8S Bnip ‘0D uI s 118
|enxas pabueyoxa pey oym ‘AN Ul S[ay10iq ‘"7 pue 2661
(0v-6'T) L2 ‘9%9 %0°0L sI|IydAs 1sed +P|0 S1eak 8T UBLIOM Jle4 | IWeIN Ul SI9)US0 UonU3ea vsn ‘VINVL ‘Wnjquasoy
(902
—Z€T)S9T CTL %092 eayliouob 1sed
(zez
-9T'T) ¥9°T ‘vT. %062 si|iydAs 1sed
(087 sployasnoy pajos|as 066T ‘sid
-007) S0°C ‘€z. %0'TZ si|iydA4s waing Ajwopuel woly synpy Jreq epLold ‘ape|o 3|1eg vsn 1084U] [ ‘Winjquasoy
(TT°2 eIpAwe|yo
-8€'T) 08'T '8¢ 10 eay1ouob 1sed
682 sBumes 0002 ‘YiesH
—S'T) ¥1°Z '82¢ %6°0% SIS 1sed INSIN Bau-AIH Jreq Anunwwod pue aulD epeue)d and [ Wy ‘siway
Sally sousng 800¢
(Lv-z1)€C7 18T %9'TT SIS 1sed plo s1eak 8T < swualed g1 Ireq ul sjeudsoy a1jgnd a1y eunuabiy ‘0JOIN PAIA [ ‘Opued
(¥92 O9N ue ybno.ys 9002 ‘BAH
-G2'T) ‘08°T ‘529 or'vT sIjIydAs waung SMSA Jreq | pa1oeIuoo S3NId 9 Ul SMSH eunuabiy paiA don [ wy ‘opued
S199.1S pue ‘swAb
I ‘sewautd ulod ‘sqnjoiybiu 900z ‘sid
—8T'T) ‘L¥'T ‘¥69 or'ze SI1S Ised NS Jreq Keb wouy JuswiInIey eunuabiy wisuel | X8s ‘opued

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 September 22.

Sex Health. Author manuscript



Page 20

Marseille et al.

/66T abeas ‘800z opued ‘9002 Opued _ : o) R _

‘T0Z BAIBNIO ‘8007 SOTEIN ‘0007 BUBMH ‘G007 IMeLIaBiN 3 ‘g86T anoppeg | (80°0) %6T'SY (LeT-2sT) 68T 8 156d = S1LS pay1oadsun
066T WN|qUasoy ‘0002 SIWay (85°0) %0°0 (T0z-8rT) €LT z 1sed - eayaaouob / eipAwre|yo
‘ . . . . . juaaand
(SI.LS 1amay) z66T Nauleg '(SILS aIow) Z66T Nalieg (82°0) %E'ST (e9'1-LL0) GT'T 4 — eayLI0u0B / eIpAWeyD
066T WN|quasoy ‘000 SIWdY ‘GE6T dUINDT (00°0) %6056 (26'T-68°0) TS'T € 15ed - sijydAs

0T0Z 01RI20Z {0T0Z einbag . . > po . _
12667 WN|QUBSOY ‘066T LUNJGUASOY ‘9002 OPUEd 'ST0Z N0 ‘ooz ewey | (000 %6796 LOT6ET) 69T L LN - siiydhs
paulquwiod ”umI-_Hcm 10 m<mm=|_

1U19 TOOZ BIBINIO ‘T00Z . . ) i _
BIBINIO ‘("X8sowoy N@|-uou) Te6T BU0I0D *(Xas0Ja1ay NAI-Uou) TE6T BUOIOD (00°0) %6v'2y (91-€c) 2r'T v 1UalINd = S1LS paytoadsun
€66T Y20ISUIOM :(AQIMd-UOU ‘B3Y1I0U0D) F00Z UBLL ‘(AIMd “83Uli0u09) #00Z
uatL ‘(QIMd-uou ‘eipAwelyd) ¥00z uatL ‘(Bnip uou|1 oN ‘eIpAwelyD) 002 (00°0) ‘9%6€'26 (99T-20'T) 0E'T 8 1sed — eayaouob / eipAwe|yd
ualL (AIMd ‘etpAwelyD) +00z uaLL :(Bnip 11111 ON) £00Z USLL ‘966T BU0IOD

£66T Y201SUIBM ‘(AIMd -UON) 002 UsIL ) oo Y op _
{(sBrup W11 ON) Y00Z U3LL {(A1Md) Y00Z UaLL ‘0661 Jebunuiaq ‘yToz owned | (00°0) %6946 (65T-0TT) 87 ° e~ sliludfs

T00Z eIBINIO ‘866T BoIaNnb14 ) fopn: - o _ _
-zZalenf ”moom >wmmwcch ”m._“om aeH ”.vmmﬂ SNasiq ”mmm.ﬂ 'UOI0D '€66T Solelg Aoo ov -%0'78 Go ¢-09 .D 8T L jusIng m___cn_\Am
(0gH-nue) saipoqiiue 8100 AgH
800Z WNeqUIBM *266T UsroyuAng ueA ‘100z 0IN0S ‘TO0Z BPUBIIA ‘7TOZ OWIeD (#00°0) %9°€L (25'2-80'T) S9'T S 15Bd — SILS paytoadsun
. . . juaaand
266T MeH VIN (eev-£6'0) 02 T —®ay1ouob / BIpAWeYD
¥T0Z owJed VIN (80'7-95'T) 9€°2 T 15ed — sijydAs

(s1ouop yeaday) 600z NOZ :(s10u0p BWn-1si14) 6002 NOZ :(THAN) . . T . -
2661 1U1ZZe1ed (HdL) 26T 1UIZZeIeq ‘T00Z BPUEMIAL ‘6007 Aessauuayy | (00'0) %6¥'T6 (0272-012) 929 9 BN - sliydhs
(BysgH) usbiue aoeyins AgH

sa1pn3s g 41 pajood sjuiod
(3W09IN0 T< YHM S8IPNIS 404 INSIIB1dRIRYD BulysinBunsIp) saoualssey (snjen-d 1sa1 ) 41 {(1D %S6) 011eY 8dUsRABId ©lJep Jo JaquinN awodN0

Sex Health. Author manuscript; available in PMC 2021 September 22.

SIS YUM UON23jul AGH JO UOIBIJOSSE 8y) J0J 80UBPIAS JO AJewwing

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



	Abstract
	Summary:
	Introduction
	Methods
	Data sources and searches.
	Study selection.
	Data synthesis and analysis.
	Data extraction and quality assessment.

	Results
	Search results.
	Hepatitis B prevalence among persons with STIs.
	Meta-analysis results.
	Surface antigen (HBsAg) as the marker for HBV-positivity
	Core antibody (anti-HBc) as the marker for HBV-positivity
	Combined surface antigen (HBsAg) or core antibody (anti-HBc) as the
marker for HBV-positivity

	Sensitivity analysis.

	Discussion
	Conclusion
	References
	Figure 1:
	Figure 2.
	Figure 3.
	Figure 4.
	Table 1.
	Table 2.

