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Abstract

Recent outbreaks of enterically transmitted infections, including acute hepatitis A and shig-
ellosis, have raised the concerns of increasing Entamoeba histolytica infection (EHI) among
people living with HIV (PLWH) in Taiwan. This study investigated the prevalence of EHI, its
temporal trends, and associated factors among newly diagnosed PLWH in Taiwan. Medical
records of newly diagnosed PLWH at six medical centers in Taiwan between 2009 and 2018
were reviewed. The annual prevalence of invasive amoebiasis and seroprevalence of E. his-
tolytica were determined and examined by the Cochran-Armitage test. The clinical charac-
teristics associated with invasive amoebiasis and seropositivity for E. histolytica were
analyzed in multivariable regression models. Among 5362 patients seeking HIV care at six
medical centers in Taiwan during the 10-year study period, 119 (2.2%) had invasive amoebi-
asis at the time or within six months of their HIV diagnosis. Among 3499 who had indirect
hemagglutination antibody (IHA) determined, 284 (8.1%) had positive IHA (>1:32) and 205
(5.9%) had high-titre IHA (>1:128). The prevalence of invasive amoebiasis increased from
1.3%in 2012 t0 3.3% in 2018 (p = 0.024). Invasive amoebiasis was independently associ-
ated with a greater age, men who have sex with men, rapid plasma reagin titre >1:4, and
concurrent shigellosis and giardiasis. Increasing prevalence of invasive amoebiasis among
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newly diagnosed PLWH in Taiwan calls for strategies to prevent ongoing transmission in
this population. Routine screening of EHI for early diagnosis and treatment is recom-
mended, especially among men who have sex with men and those who present with other
sexually or enterically transmitted infections.

Author summary

Outbreaks of enterically transmitted infection, including acute hepatitis A and shigellosis,
among men who have sex with men and people living with HIV have been reported in
Taiwan and in many developed countries in recent years. This study reveals that the prev-
alence of invasive amoebiasis among newly diagnosed people living with HIV increased in
Taiwan since 2012, accompanied by increasing seroprevalence of syphilis and hepatitis A
virus infection. This study also shows that concurrent infections with shigellosis and giar-
diasis and history of syphilis were independently associated with invasive amoebiasis,
which indicates that transmission of Entamoeba histolytica might have occurred through
sexual behaviours that increased faecal-oral contact in this population. In the era of
improved access to HIV prevention and treatment, emerging and re-emerging enterically
transmitted infections, including amoebiasis, pose an ongoing health threat to at-risk indi-
viduals and the public as a whole.

Introduction

Amoebiasis, an infection caused by the protozoan Entamoeba histolytica, is the third leading
cause of death from parasitic disease worldwide [1]. The majority of E. histolytica infection
(EHI) are asymptomatic; however, invasive amoebiasis, most commonly in the form of colitis
or liver abscess, occurs in 10% to 20% of infected individuals and can lead to mortality [1,2],
morbidity and increased medical costs [3]. Traditionally, residents, immigrants and returned
travelers from endemic countries where ingestion of mature amoebic cysts from contaminated
food, water or hands occurs, as well as the individuals who are institutionalized are at the high-
est risk for EHI [4,5].

Since 1980s, amoebiasis has been recognised as an emerging sexually transmitted infection,
especially among men who have sex with men (MSM) and those who are engaged in oral-anal
sex [6-8]. Previous serological studies indicated that the seroprevalence of EHI among people
living with HIV (PLWH) and those at high risk for HIV infection ranged from 1% to 21% [8]
and high anti-E. histolytica antibody titres (e.g. indirect hemagglutination antibody (IHA)
>1:128) were predictive of clinical infections [7]. With the characteristics of a low infectious
dose, chlorine resistance, and stability in difficult environment for E. histolytica, EHI continues
to pose a public health threat even in the developed countries [9]. Recent outbreaks in North
America [10] and Europe [11] highlight its potential for transmission in countries where
amoebiasis is not endemic.

Coinciding with the improvement of access to HIV treatment and pre- and post-exposure
prophylaxis, increasing incidences of syphilis, chlamydia, gonorrhea, and other sexually trans-
mitted infections among MSM have been observed in several high-income countries [12-14].
In Japan, a large hospital-based study demonstrated an increasing seroprevalence of EHI from
2004 to 2013 and the trend was observed in females and HIV-negative individuals as well as
PLWH [15]. In Taiwan, recent outbreaks of shigellosis and acute hepatitis A between 2015 and
2017 disproportionately affected PLWH and MSM [16,17], suggesting that transmission of
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these enteric pathogens might have occurred through sexual behaviours that increased faecal-
oral contacts. The potential for E. histolytica to spread through the same route raised concerns
[10]. In this study, we aimed to investigate the temporal changes of the prevalence of invasive
amoebiasis and anti-E. histolytica positivity among newly diagnosed PLWH in Taiwan from
2009 to 2018 and to identify its associated factors.

Methods
Ethics statement

The study was approved by the Research Ethics Committees of National Taiwan University
Hospital [201003112R] and Far Eastern Memorial Hospital [105040-F] and Institutional
Review Boards of Chung Shan Medical University Hospital [CS14034], Changhua Christian
Hospital [160408], Kaohsiung Medical University Hospital [KMUHIRB-SV(I)-20160043], and
National Cheng Kung University Hospital [B-BR-105-038]. The informed consent was waived.
The study was conducted according to the principles expressed in the Declaration of Helsinki.

Study setting and patients

In this cross-sectional multicentre study, we reviewed the medical records of all PLWH who
presented to six major medical centers in Taiwan for the first time between 2009 and 2018. We
included patients with newly diagnosed HIV infection; and those who had been diagnosed at
other hospitals before presenting to the six participating hospitals or had been diagnosed
before 2009 were excluded. Available clinical and laboratory data at the time of HIV diagnosis
and within six months before and after HIV diagnosis were collected. Those who died or were
lost to follow-up shortly after the HIV diagnosis, those who refused testing, and those who did
not complete baseline investigations for other reasons were excluded.

Five of the six participating hospitals are located in the metropolitan cities (Taipei City,
New Taipei City, Taichung City, Tainan City, and Kaohsiung City) and one in Changhua
County. According to the Taiwan Centers for Disease Control (TCDC), 15,938 incident HIV
cases were reported from these administrative areas in the 10-year study period, accounting
for 75% of all incident HIV cases across Taiwan in the same period [18].

Routine baseline laboratory investigations for newly diagnosed PLWH in Taiwan included
CD4 lymphocyte count, plasma HIV RNA load, complete blood cell count, liver- and renal-
function tests, blood glucose, lipid profile, and serology for hepatitis A virus (HAV), hepatitis
B virus (HBV), hepatitis C virus (HCV), and syphilis according to the national HIV treatment
guidelines [19,20]. Considering a higher prevalence of EHI among PLWH, measurement of
anti-E. histolytica antibody, although not mandatory, was also recommended in the guidelines
[19,20]. All of the laboratory investigations at baseline or during follow-up regardless of initia-
tion of antiretroviral therapy are reimbursed by the special budget of TCDC and the National
Health Insurance.

Definitions of study outcomes

Prevalences of invasive amoebiasis and seropositivity for E. histolytica were the outcomes of
interest in this study. We defined invasive amoebiasis, including amoebic liver abscess and/or
colitis, as having (1) at least one related symptom (including diarrhea, bloody stools, abdomi-
nal pain, nausea, vomiting, or fevers); liver abscess on imaging; or colitis by colonoscopy; (2)
at least one positive parasitological test (including test for specific amoebic antigen, nucleic-
acid amplification, and serology) or pathologic finding; and (3) treatment with metronidazole,
with or without paromomycin or iodoquinol.
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Anti-E. histolytica antibody was determined by IHA assay. Negative IHA was defined by an
THA titre <1:32, low-titre IHA by a titre of 1:32 or 1:64, and high-titre IHA by a titre of
>1:128 [21,22].

Laboratory investigations

During the study period, determinations of plasma HIV RNA load, CD4 lymphocyte count,
and serological tests for syphilis and viral hepatitis (HAV, HBV and HCV) were performed
using certified commercial tests at each participating hospital. Because of the acute hepatitis A
outbreak in Taiwan between 2015 and 2017, an HAV vaccination campaign and program
among PLWH were carried out in Taiwan [16] and serum anti-HAV immunoglobulin G
(IgG) levels were measured routinely before HAV vaccination. Pre-vaccination serum anti-
HAV IgG levels were used when recording anti-HAV antibody for each individual. IHA assay
(Cellognostics; Boehringer Diagnostics, Marburg, Germany) that quantitatively detects specific
antibodies to E. histolytica was performed by following the manufacturer’s instructions in the
routine laboratory of each hospital [23].

Statistical analysis

Statistical analyses were performed using the R statistics software (version 3.3.3). The annual
prevalences of IHA seropositivity, high-titre IHA seropositivity, and invasive amoebiasis
between 2009 and 2018 were calculated and the trends were examined by Cochran-Armitage
test. Non-categorical variables were compared using Student’s t-test or Mann-Whitney U test
and categorical variables were compared using chi-square test or Fisher’s exact test between
the patients with and those without invasive amoebiasis. Clinical variables with p-value <0.05
were entered into multivariable general linear regression models with backward selection and
missing values were treated by exclusion to identify independent factors associated with inva-
sive amoebiasis. The same procedure was repeated to identify factors associated with high-titre
IHA. The variables with p-value <0.05 were deemed statistically significant throughout the
analyses.

Results
Characteristics of the patients

During the 10-year study period, 7108 PLWH seeking care at the six participating hospitals for
the first time were screened for inclusion, and 5362 who had newly diagnosed HIV infection
and completed baseline evaluation were included for analysis (Fig 1), which accounted for
25.1% of 21321 newly diagnosed PLWH in Taiwan from 2009 to 2018. The clinical characteris-
tics of the cohort are shown in Table 1. The majority of the included patients were MSM
(84.9%) in the age group of 20 to 39 years (78.9%). Late presenters for HIV care were still com-
monly encountered, with 34.6% presenting with a CD4 lymphocyte count <200 cells/pl, 61.5%
<350 cells/pl, and 16.5% having at least one opportunistic infection. At time of HIV diagnosis,
20.0% had a rapid plasma reagin (RPR) titre of >1:4.

Prevalence of invasive amoebiasis and its associated factors

Overall, invasive amoebiasis was diagnosed in 119 patients (2.2%) around the time of their
HIV diagnosis (Fig 1). Among the patients who had invasive amoebiasis, 35 (29.4%) had
amoebic liver abscess, and 72 (60.5%) required hospitalization. Three patients (2.5%), who
presented with advanced immunocompromised state (CD4 count, 0, 21, and 57 cells/pl,
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7108 people living with HIV who
presented to the 6 participating hospital

for the first time between 2009 and 2018 1544 patients having been diagnosed in
other hospitals

72 patients lost to follow-up soon after
their diagnoses
13 deaths shortly after diagnoses

5362 patients with newly confirmed HIV 14 patients refusing investigations
infection between 2009 and 2018 who 103 without baseline investigations due
completed baseline investigations to other reasons

119 (2.2%) patients presenting »| 1863 patients without baseline IHA
with invasive amoebiasis measured

3499 (65.3%) patients with baseline
indirect hemagglutination antibody (IHA)

measured
} - —
284 (8.1%) testing positive for IHA 3215 (91.9%) testing negative for IHA
205 (5.9%) with 79 (2.3%) with
high IHA titers low IHA titers
(>1:128) (1:32 or 1:64)

Fig 1. Study flow.
https://doi.org/10.1371/journal.pntd.0008400.9001

respectively) and other serious opportunistic infections (1 pneumocystosis, 1 CMV colitis, and
1 both), died within three months of the HIV diagnosis.

In the multivariable analysis, factors independently associated with invasive amoebiasis
were age (adjusted odds ratio [aOR], per 1-year increase, 1.001, 95% confidence interval [CI]
1.001-1.002), MSM (aOR 1.027, 95% CI 1.015-1.040), RPR titre of >1:4 (aOR 1.016, 95% CI
1.006-1.026), and concurrent shigellosis (aOR 1.757, 95% CI 1.488-2.076) and giardiasis (aOR
1.233,95% CI 1.141-1.332) (Table 2).

Seroprevalence of E. histolytica infection

IHA testing was performed in 50% to 65% of newly diagnosed PLWH before 2014 and in 72%
to 79% after 2015 (S1 Fig). Of the 3499 (65.3% of all included patients) who had IHA deter-
mined at baseline, 284 (8.1%) had positive IHA and 205 (5.9%) had high-titre IHA (Fig 1). A
lower estimate of the prevalence of positive IHA and high-titre IHA would be 5.3% and 3.8%,
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Table 1. Comparisons of characteristics between newly diagnosed people living with HIV who had and those who did not have invasive amoebiasis.

Total With invasive amoebiasis | Without invasive amoebiasis Univariable analysis
N =5362 N=119 N =5243 p-value
Age, median (IQR), years 29.3 (24.5, 36.0) 33.8 (27.6, 39.4) 29.2 (24.4, 36.0) <0.001
<20, no. (%) 222 (4.1) 0(0.0) 222 (4.2) <0.001
20-29 2633 (49.1) 38 (31.9) 2595 (49.5)
30-39 1600 (29.8) 54 (45.4) 1546 (29.5)
40-49 630 (11.7) 20 (16.8) 610 (11.6)
>50 277 (5.2) 7 (5.9) 270 (5.1)
Male, no. (%) 5219 (97.3) 119 (100.0) 5100 (97.3) 0.081
Mode of transmission, no. (%)
Men who have sex with men 4555 (84.9) 115 (96.6) 4440 (84.7) <0.001
People who inject drugs 232 (4.3) 2(1.7) 230 (4.4) 0.247
Location of residence, no. (%)
Northern Taiwan 2744 (51.2) 76 (63.9) 2668 (50.9) 0.023
Central Taiwan 796 (14.8) 12 (10.1) 784 (15.0)
Southern Taiwan 1822 (34.0) 31(26.1) 1791 (34.2)
Coinfection, no. (%)
HBsAg-positive [N = 5258] 527 (10.0) 15 (12.7) 512 (10.0) 0.350
Anti-HCV-positive [N = 5296] 418 (7.9) 9(7.7) 409 (7.9) >0.999
RPR titre >1:4, no. (%) [N = 5308] 1063 (20.0) 39 (33.3) 1024 (19.7) 0.001
Anti-HAV IgG-positive, no. (%) [N = 4601] 795 (17.3) 22 (22.4) 773 (17.2) 0.177
Enterically transmitted infections, no. (%) 124 (2.3) 10 (8.4) 114 (2.2) <0.001
Shigellosis 4(0.1) 3(2.5) 1(0.02) <0.001
Salmonellosis 72 (1.3) 4(3.4) 68 (1.3) 0.075
Giardiasis 14 (0.3) 4(3.4) 10 (0.2) <0.001
Cryptosporidiosis 11 (0.2) 1(0.8) 10 (0.2) 0.219
Acute hepatitis A 28 (0.5) 0(0.0) 28 (0.5) >0.999
Any opportunistic infection, no. (%) 886 (16.5) 29 (24.4) 857 (16.3) 0.024
Pneumocystosis 597 (11.1) 16 (13.4) 581 (11.1) 0.379
Tuberculosis 80 (1.5) 0(0.0) 80 (1.5) 0.425
Cryptococcosis 67 (1.2) 3(2.5) 64 (1.2) 0.186
White blood cell count, median (IQR), x 10° cells/pl [N = 5353] 5.6 (4.4,7.0) 5.7 (4.3,8.2) 5.6 (4.4,7.0) 0.230
Hemoglobin, median (IQR), g/dL [N = 5338] 14.1 (12.6, 15.1) 12.6 (10.5, 14.2) 14.1 (12.7, 15.1) <0.001
Any abnormal liver function test result, no. (%) 1614 (30.1) 43 (36.1) 1571 (30.0) 0.157
Plasma HIV RNA load, median (IQR), log;o copies/ml [N = 5324] | 4.8 (4.3, 5.3) 5.0 (4.6, 5.5) 4.8 (4.3,5.3) 0.001
HIV RNA load >5 log,, copies/ml, no. (%) 2154 (40.5) 67 (56.3) 2087 (40.1) <0.001
CD4 lymphocyte count, median (IQR), cells/pl [N = 5355] 289 (133, 441) 226 (75, 349) 290 (133, 443) 0.002
CD4 <200, n (%) 1853 (34.6) 55 (46.2) 1798 (34.3) 0.012
CD4 200-350 1438 (26.9) 34 (28.6) 1404 (26.8)
CD4 350-500 1053 (19.7) 15 (12.6) 1038 (19.8)
CD4 >500 1011 (18.9) 15 (12.6) 996 (19.0)
Diarrhea, no. (%) 559 (10.4) 103 (86.6) 456 (8.7) <0.001

Boldface indicates a statistically significant result.

Abbreviations: HAV, hepatitis A virus; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus; IQR, interquartile range; RPR, rapid plasma reagin

https://doi.org/10.1371/journal.pntd.0008400.t001

respectively, if the 1863 patients who were not tested by IHA assays were all presumed to be
seronegative for E. histolytica. Ninety-one (44.4%) of 205 patients who had high-titre IHA, 13
(16.5%) of 79 who had low-titre IHA, and 15 (0.5%) of 3215 who had negative IHA received a
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Table 2. Multivariable analysis of factors associated with invasive amoebiasis.

Adjusted odds ratio p-value
Age, per 1-year increase 1.001 (1.001-1.002) <0.001
Men who have sex with men 1.027 (1.015-1.040) <0.001
Rapid plasma reagin titre >1:4 1.016 (1.006-1.026) 0.001
Shigellosis 1.757 (1.488-2.076) <0.001
Giardiasis 1.233 (1.141-1.332) <0.001

Variables entered in the multivariable analysis include age, being men who have sex with men, geographic locations,
rapid plasma reagin titre >1:4, baseline CD4 lymphocyte count, baseline plasma HIA RNA load, shigellosis,
giardiasis, and any opportunistic infection.

https://doi.org/10.1371/journal.pntd.0008400.t002

diagnosis of invasive amoebiasis within six months of their HIV diagnosis. Compared with the
patients who did not have THA tests, those who had IHA determined were younger, less likely
to be injecting drug users, and more likely to have diarrhea or anaemia after adjustments for
geographic locations and year of HIV diagnosis (S1 Table).

Factors associated with high-titre IHA

Similar factors that were associated with invasive amoebiasis, including age, MSM, RPR titre
>1:4, and shigellosis, were identified to be independently associated with high-titre IHA
among those who had IHA determined at baseline (52 and S3 Tables). Patients who presented
with acute hepatitis A and cryptococcosis at the time of their HIV diagnosis were also more
likely to have high-titre IHA (aOR 1.121 [95% CI 1.013-1.241] and 1.084 [95% CI 1.011-1.16],
respectively). The prevalence of positive IHA, high-titre IHA, and invasive amoebiasis
increased with age and plateaued before the age of 40 years (Fig 2). Neither invasive amoebiasis
nor high-titre IHA was associated with CD4 lymphocyte counts at baseline.

Trends of the annual prevalences of invasive amoebiasis, positive IHA, and
high-titre ITHA

As shown in Fig 3, the annual prevalence of invasive amoebiasis decreased from 3.0% in 2009
to 1.3% in 2012 (p = 0.090), which then increased again to 3.3% in 2018 (p = 0.024). The
annual prevalence of positive IHA and that of high-titre IHA demonstrated a similar trend
with declines from 13.4% and 10.5% in 2009 to 6.2% and 5.3% in 2012, respectively, (p = 0.008
and 0.001, respectively), followed by increases to 7.6% and 6.3% in 2018, respectively

(p =0.104 and 0.151, respectively). The age distribution of the included patients did not
change significantly throughout the study period (S2 Fig), while the proportion of the patients
with CD4 lymphocyte counts less than 200 cells/uL and concurrent opportunistic infections
decreased with time (p = 0.043 and 0.024, respectively; S3 and 5S4 Figs). When compared with
the seroepidemiology of HAV and syphilis, the temporal changes of prevalence of invasive
amoebiasis and seroprevalences of positive and high-titre IHA evolved in the same direction
with the seroprevalence of HAV throughout the study period and that of syphilis after 2012

(Fig 3).

Discussion

In this cross-sectional study, we investigated the prevalence of EHI among newly diagnosed
PLWH at six medical centers in Taiwan from 2009 to 2018. We found that one out of every 45
newly diagnosed PLWH had concurrent invasive amoebiasis and one out of every 13 had
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<20 20-29 30-39 40-49 >50

Age Group

Fig 2. Prevalence of Entamoeba histolytica infection among newly diagnosed people living with HIV according to age group.

https://doi.org/10.1371/journal.pntd.0008400.9g002

positive IHA. There was a significant increase of invasive amoebiasis from 2012 to 2018. Being
older, MSM, having RPR titres of >1:4, shigellosis, and giardiasis were independently associ-
ated with invasive amoebiasis.

Several outbreaks of enterically transmitted infections, including acute hepatitis A and shig-
ellosis, among MSM and PLWH in Taiwan have been reported since 2015 [17,24]. Our study
showed a trend of increasing prevalence of invasive amoebiasis from 2012 to 2018, which par-
alleled the trends of the seroprevalence of HAV and syphilis, as shown in Fig 3. Unlike shigel-
losis and HAV infection that commonly present with acute illnesses, amoebiasis is more likely
to be asymptomatic or mild and overlooked [9]. The change of annual prevalence of invasive
amoebiasis should raise concerns, especially when increase in confirmed cases of amoebiasis, a
notifiable disease in Taiwan, was also observed from 2012 to 2018 in the national infectious
disease statistics (S5 Fig) [18]. This indicates the ongoing, or even increasing, transmission of
E. histolytica might be occurring not only among PLWH, but potentially also in the general
population. Another potential explanation would be the introduction of a hypervirulent strain
within the population [10]. As shown in this study, a significant proportion of these infections
led to liver abscesses and hospitalizations. The need to enhance surveillance of enterically
transmitted infections, including amoebiasis, among the at-risk populations could not be
overemphasized.
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Fig 3. Trends of prevalence of invasive amoebiasis and seroprevalences of Entamoeba histolytica, hepatitis A virus (HAV), and
syphilis among newly diagnosed people living with HIV from 2009 to 2018. The grey shade indicates the outbreak of acute hepatitis A
in Taiwan from mid-2015 to 2017. The prevalence of invasive amoebiasis was calculated from all newly diagnosed people living with
HIV, while the seroprevalences of amoebiasis, HAV and syphilis were calculated from 3499, 4601, and 5308 patients with indirect
hemagglutination assay, anti-HAV immunoglobin G (IgG), and rapid plasma reagin (RPR) determined at baseline, respectively. An
HAV vaccination campaign was started since late-2015. Serum anti-HAV IgG levels were measured routinely before vaccination and
pre-vaccination anti-HAV IgG measurements were used in the analysis.

https://doi.org/10.1371/journal.pntd.0008400.g003

Invasive amoebiasis and high-titre E. histolytica seropositivity were associated with several
independent factors in this study. Among those, the association with seropositivity of T. palli-
dum infection and being MSM has been reported previously [4,25,26]. The finding that
patients with concurrent shigellosis or giardiasis had higher risk for amoebiasis, however, has
not been demonstrated before. Nevertheless, these findings are not unexpected, as the trans-
mission of these infections requires low infectious doses and probably involves the same sexual
practices [11,27,28]. In an outbreak of intestinal amoebiasis in Spain, two out of eight patients
had concurrent shigellosis [11]. In two epidemiologic investigations from Canada and the
United Kingdom, a higher male-to-female ratio of amoebiasis, shigellosis, and giardiasis
among individuals of sexually active age groups were observed [29,30]. In our study, patients
with invasive amoebiasis were more likely to have concurrent enterically transmitted infec-
tions (8.4% vs 2.2%). To extrapolate from the above findings, an enterically transmitted infec-
tion in MSM or PLWH should probably prompt clinicians to think about amoebiasis and
other potential coinfections. Nowadays, the use of drugs for sex (chemsex) has become more
common [31], and it has been demonstrated to be associated with outbreaks of shigellosis [17].
Whether or not this would also boost the spreading of other enterically transmitted infections,
such as amoebiasis, warrants further investigation.

Diagnosis of EHI can be challenging in real-world settings. Patients identified to have inva-
sive amoebiasis in this study were those who presented with active symptoms and cared by
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physicians who were vigilant to make the diagnosis. However, more patients were expected to
have asymptomatic or mild EHI and could continue to transmit the infection, unless routine
screening for EHI with accurate diagnostic tests could be implemented. The best tools for sur-
veillance of amoebiasis remain to be determined. Serologic tests are relatively simple to per-
form and appear cost-effective for screening of amoebiasis [32]; however, even among
symptomatic patients false-negative results can be observed in up to 38% [33,34], which means
even with routine measurement of anti-E. histolytica antibodies, a substantial proportion of
patients with EHI may remain undiagnosed. Moreover, in endemic areas like Taiwan, because
a positive serological result cannot differentiate current and past infections, a confirmatory
test is usually needed and the sequential testing strategy could be time-consuming. Stool amoe-
bic antigen detection is available commercially, easy to perform, and has a rapid turnaround
time; however, it requires fresh, un-frozen stool samples, and, moreover, its sensitivity varies
widely [9,35]. Identification of E. histolytica-specific nucleic acids by polymerase-chain reac-
tion (PCR) assays is highly sensitive and has become the gold standard in diagnosing EHI [35].
Routine testing by molecular tests to detect and treat EHI early in the high-risk populations
may be an effective strategy to prevent potential outbreaks and to reverse the increasing trend.
Further cost-effectiveness or cost-utility analyses are warranted to inform public health policy.

The study has several limitations. First, as mentioned above, the true prevalence of EHI
may require routine screening by more accurate diagnostic tools, such as PCR assays. The cri-
teria for invasive amoebiasis used in this study identified only symptomatic patients and
under-represent the true prevalence of EHI. Second, a third of patients included in this study
did not have IHA determined at baseline and the estimate of seroprevalence may be biased by
the selection for testing. The seroprevalence of EHI in this study could be an overestimate
since patients who had higher hemoglobin levels and who did not present with diarrhea were
less likely to be tested by IHA (S1 Table). Proportion of patients who underwent IHA testing
was higher after 2015. This coincided with the outbreaks of HAV and shigellosis and could be
due to increased clinical vigilance regarding diarrheal diseases in the outbreak settings. The
smaller proportion of patients who underwent IHA testing before 2014 may result in a higher
estimate of IHA seroprevalence before 2014 and could potentially dampen the trend observed.

Although recent development of vaccines against E. histolytica in rodents and non-human
primate models shows some promise [36,37], effective human vaccines to prevent EHI remain
unavailable to date. In the developed countries where access to water safety, hygiene and sani-
tation are readily available, person-to-person transmission plays an important role in spread-
ing of the pathogen. Thus, the appropriate strategies to prevent the transmission of EHI will
rely upon active identification and timely initiation of appropriate treatment of the infected
individuals, especially among the at-risk populations.

In conclusion, increasing invasive amoebiasis has been observed since 2012 along with
other sexually transmitted and enterically transmitted infections among newly diagnosed
PLWH in Taiwan. To identify and treat early, and to prevent potential outbreaks, routine
investigations for amoebiasis among PLHW is indicated, especially among those who are
MSM and those who present with other sexually transmitted and enterically transmitted
infections.
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