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Abstract: Objective: Helicobacter pylori and human immunodeficiency virus (HIV) are both pandemic
infections with variable geographic prevalence rates. H. pylori–HIV co-infection at the regional and
sub-regional levels with a perspective on gastric cancer incidence is discussed. Design: Based on
PRISMA guidelines, national data for H. pylori, HIV, and H. pylori–HIV co-infection were collected for
the general population through December 2019. Joint temporal and geographical data for H. pylori
and HIV infections in 48 countries were available and used to generate H. pylori–HIV co-infection
estimates by cross-sectional analysis. These data were compared with gastric carcinoma statistics for
the same countries. Results: The estimated global prevalence rate of H. pylori–HIV co-infection was
1.7 per 1000 people, representing 12.6 million people. Prevalence according to region was, in decreas-
ing order, sub-Saharan Africa 21.9‰, Eastern Europe/Central Asia 4.3‰, Latin America/Caribbean
2.0 ‰, North America/Western/Southern/Northern Europe 1.1‰, Asia/Pacific 0.8‰, and North
Africa/Middle East 0.1 ‰. The incidence and mortality rates for gastric carcinoma were higher in
East/Pacific Asia, Southern/Andean Latin America, and Eastern Europe regions, and the incidence
appeared to be 1.8-fold greater in H. pylori–HIV-infected people in East Asia. Conclusions: The popu-
lation at risk of H. pylori–HIV co-infection is estimated to be 12.6 million people (2015 reference year).
The heterogeneity of H. pylori–HIV co-infection across regions and sub-regions does not show a clear
association with gastric carcinoma. Other methodological approaches with analytical studies (cohort,
case–control) are required to measure the potential effect of H. pylori infection and its treatment on
the incidence of gastric carcinoma in the large HIV–H. pylori-positive cohort.

Keywords: Helicobacter pylori; HIV; co-infection; gastric cancer; global estimate; prevalence; world
regions; statistics

1. Introduction

H. pylori is a bacterial pathogen that is responsible for various pathologies ranging
from chronic gastritis and peptic disease to gastric malignancy [1–5]. At the continental or
subcontinental level, the prevalence of pre-neoplastic lesions and gastric carcinoma (GC)
varies across populations similar to that of H. pylori infection, as shown in Europe and
China [6,7]. An exception to this is the African paradox which is characterized by a high
prevalence of H. pylori infection and a low GC frequency [8]. When analyzed globally, more
than half of the world’s population (59.2%) is infected with H. pylori [9]. HIV, on the other
hand, is also a global infection, with estimates indicating that in 2022, there were 38 million
people living with HIV (PLHIV) [10].

While H. pylori infection is transmitted equally between males and females through
dietary contamination during childhood, HIV is mainly acquired in adulthood through
heterosexual intercourse. In both cases, H. pylori prevalence and HIV prevalence vary
widely according to geographical region [10–12]. Therefore, questions have emerged
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regarding whether HIV infection in H. pylori-colonized people leads to an increased risk of
gastric carcinoma.

There is a paucity of descriptive data on the association between these two endemic
infections [13–17]. Our aim was to determine the proportion of people exposed to both
pathogens according to their geographical distribution with the goal of raising awareness
of the potential risk of increased GC incidence related to the possible interaction between
these pathogens over the long term in the human population.

2. Methods
2.1. Search Strategy

According to PRISMA guidelines [18], electronic databases from PubMed, PubMed
Central, Google Scholar, clinicaltrials.gov, ISRCTN registry, and Prospero were used
to establish a database of data regarding the prevalence of H. pylori–HIV co-infection.
Medical Subject Headings (MeSH) keywords, “human immunodeficiency syndrome” or
“AIDS” AND “Helicobacter pylori co-infection” AND “global” AND “epidemiology” AND
“database” AND “general population” were employed for a computer retrieval of pub-
lished material in the English language from 1990 to 2019. Surveys measuring H. pylori–HIV
co-infection were scarce. To circumvent this issue, since H. pylori and HIV are indepen-
dently acquired infections, the second approach was to search for overall estimates for
HIV and H. pylori at the country, regional, and global levels [9,10]. The MeSH keywords
“Helicobacter pylori or H. pylori, national prevalence, serology, world” for H. pylori infections
and “HIV/AIDS prevalence, country” for HIV infections were employed. In addition, hand
searching and reference checking were used to increase the retrieval of missing data [19–22].
Epidemiological data on the frequencies of both pathogens were combined to reflect their
geographical and temporal associations in a cross-sectional analysis.

2.2. Study Selection and Eligibility Criteria

We checked all identified sources on H. pylori–HIV co-infection for eligibility criteria
to include in our analysis, as presented in the PRISMA flowchart (Figure 1).

Inclusion criteria to select reports for H. pylori–HIV co-infection data were (1) rep-
resentative of the general population, (2) national or international meta-analysis, and
(3) serology-based diagnosis. Data that matched the following criteria were excluded:
(1) endoscopy-based data from symptomatic individuals, (2) case reports, (3) experimental
and case–control studies, and (4) correspondence and letters.

Inclusion criteria and exclusion criteria to select reports for H. pylori prevalence are
presented below in the section on “H. pylori prevalence”.

Inclusion criteria to select reports for HIV prevalence were (1) representative of the
general population, (2) national, subregional, or worldwide data, and (3) serology-based
diagnosis. Exclusion criteria included reports that were single-center, not representative of
the general population, and experimental studies.

2.3. Main Outcomes

Outcomes of interest were reports and databases representative of the general popu-
lation of the country, providing temporal and geographical prevalence of H. pylori–HIV
co-infection, H. pylori infection, and HIV infection, as well as the incidence and mortality of
GC in the last year of the study period.

2.4. Data Extraction

M.N. and J.V. screened the titles and abstracts of studies identified to meet the inclusion
criteria. The full texts of selected records were assessed by M.N. and J.V. for eligibility. P.D.
performed an additional search. Any disagreements were resolved by consensus between
M.N. and J.V.
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Figure 1. The flowchart of this study [9,10,19–21,23–26].
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2.5. Determination of H. pylori Prevalence

The method of determination of H. pylori prevalence was described previously by
Hooi et al. [9]. Briefly, H. pylori prevalence for each country was estimated by pooling
the data from eligible reviews. A random-effects model was used to calculate pooled
prevalence estimates with 95% confidence intervals (CIs).

Concerning heterogeneity, this was assessed by stratifying the geographical variations
as follows: (1) geographic region based on the United Nations (UN) classification; (2) time
periods for evaluating the prevalence of H. pylori split into 1970 to 1999 and 2000 to 2016;
(3) restriction of the analysis to adults only (aged 18 years and older); and (4) primary
modality of testing H. pylori, including serology, urea breath test, stool antigen test, rapid
urease test, or histopathology. Serology was the main diagnostic method in more than 75%
(173/226) of studies.

Concerning the partitioning of the UN geographic regions, these were defined as
follows: North America; Latin America and the Caribbean; Europe (Northern, Southern,
Western, Eastern); Africa; Asia (Central, Eastern, Southern, South-Eastern, Western); and
Oceania. Attention was paid to the indigenous populations in the United States and
Australia by analyzing these separately from the general population of the country.

Concerning the prevalence over a multi-year period, this study was conducted for
the period that captured the most updated data, while for multiple studies for the same
country and period, the pooled statistic was calculated.

Concerning the number of people affected with H. pylori infection, this was extrapo-
lated from the prevalence estimates to the total population in 2015 living in countries and
regions as per the UN Population Division. It was assumed that countries with missing
data in a region had a comparable prevalence to our pooled mean prevalence.

The method of H. pylori infection diagnosis was based on the serological determination
of immunoglobulin IgG against H. pylori, stool H. pylori antigen test, urea breath test, and
biopsies for rapid urease test, histology, or culture [27].

Concerning participants in studies: Individuals included had to be representative of
the general population. Data from multicenter and multinational studies were analyzed
separately by country and region.

Concerning the classifications of studies, there were two types: national, when the
report or multicenter study involved multiple regions in the country; and sub-national,
when there was only a region involved, and city level.

Clarifications with the corresponding author were made when necessary (e.g., data errors).

2.6. Exclusion Criteria

Exclusion criteria were of three kinds. First, according to the publication type such
as guidelines, perspectives, correspondence, letters, conference abstracts, or presentations
without formal publication, systematic reviews or meta-analyses, surveillance registration
or nationally notifiable disease reports of H. pylori, and studies without defined study
periods; economic analyses, modeling, time series, or transmission studies; mortality or
survival analyses; diagnostic assay or test performance studies; animal studies. Second, ac-
cording to the study population, such as those typically associated with a higher prevalence
of H. pylori (e.g., patients with GC), high-risk population groups (migrants, refugees, pris-
oners, individuals (groups) classified as low socioeconomic status), and study participants
that were restricted to selected age groups (e.g., children, elderly). Finally, according to
methods of H. pylori diagnosis other than the four conventional tests presented above and
studies not reporting the numerator and denominator on which the prevalence estimate
was based.

2.7. Determination of HIV Prevalence

HIV prevalence represents the percentage of those living with HIV among the general
population [10]. The method of determination of HIV prevalence was described previously
in the UNAIDS model [28]. Briefly, for countries where HIV transmission is epidemic in
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the general population, available epidemiological data are drawn from pregnant women
attending antenatal clinics and from nationally representative population-based surveys.
Historically, in many countries, HIV sentinel surveillance was established by collecting
data from a selection of clinics on a regular basis for months or years. Now, many countries
have moved to using the data from routine HIV tests performed on pregnant women
attending antenatal clinics. This method allows for collecting huge data sets across the
country instead of single clinic data. The resulting data allow extrapolation of the national
prevalence trend. While population survey data are more accurate for estimating the
national HIV prevalence levels by integrating men and broader geographic coverage,
they are infrequently performed. In sub-Saharan African countries where population-
based surveys are not available, HIV prevalence is estimated by adjusting antenatal clinic
surveillance and population-based survey data from neighboring countries.

In the other countries where HIV infection occurs mainly among key populations
at higher risk of HIV and the epidemic is considered to be low-level, the estimates were
drawn from surveillance among key populations, the general, low-risk population, and
from HIV case reporting data, whichever were the most reliable in a given country. In
countries with high-quality HIV surveillance data among the key populations, these data
were used to predict national estimates and trends. Estimates of the size of key populations
are increasingly derived empirically in each country; when studies were not available, they
were derived based on regional values and consensus among experts. Other data sources
used to estimate the HIV prevalence in the general, low-risk population included HIV case
reporting data, population-based surveys, and surveillance among pregnant women.

In western and central Europe and North America, and many countries in Latin
America, the Caribbean, the Middle East, and North Africa, despite insufficient HIV
surveillance or survey data, they have robust disease reporting systems, HIV case reporting,
and AIDS-related mortality data from vital registration systems which were directly used
to provide HIV prevalence and incidence levels. The total population for each year was
sourced from the 2019 Revision of World Population Prospects. Concerning categorical or
missing data, correspondence with the UNAIDS was performed for clarification.

2.8. Gastric Cancer Incidence and Mortality

To obtain data on GC incidence and mortality, we extracted only those related to the
country and region studied [29].

2.9. Statistics

In this study, the year 2015 was chosen as a reference because it corresponded to
the most recent estimate of global, regional, and country prevalence/size of H. pylori
infection that allowed matching with HIV data [9]. Furthermore, this H. pylori infection
estimate was based on H. pylori antibodies persisting for years after the infection was cured,
allowing the acceptable use of this data in epidemiological studies. Epidemiological data
on the frequencies of both pathogens, H. pylori and HIV, were combined to reflect their
geographical (country, UN region) and temporal (year) associations and then were assessed
by cross-sectional analysis.

2.10. Data by Country for H. pylori and HIV Infections

H. pylori infection data extracted for analysis were estimated numbers (mean) and
prevalence, population size by country, and UN region in 2015. The database from Hooi
et al. estimated the size and prevalence of H. pylori infection by country. The estimated
number of people infected with H. pylori was obtained by extrapolating the prevalence
estimates to the total population living in countries and UN regions in 2015.

HIV data that were extracted for analysis were estimated means and prevalence by
country and by UN region for adults and children living with HIV in 2015 with 95%
confidence intervals (95% CI) determined by uncertainty [10,28]. The estimate of the
prevalence of PLHIV was determined by dividing the number of HIV cases by the country’s
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population number. The method of estimating the number of people living with HIV is
described in detail in UNAIDS 2019 [28].

In addition, we chose to perform separate web-based searches for HIV data for Bel-
gium and countries with large populations, including India, Indonesia, and the Russian
Federation. Data for China, a country with a large population, were included despite the
wide variation per 100,000 new cases of HIV infection from one year to another [19–21].

2.11. H. pylori–HIV Co-Infection Data

We assumed that among people living with HIV, the prevalence of H. pylori is equal to
the general population, thus:

1. Country H. pylori–HIV co-infection prevalence was estimated by multiplying country
HIV prevalence by country H. pylori prevalence.

2. Country H. pylori–HIV co-infection size was estimated by multiplying the country
(H. pylori size by HIV infection size) divided by the country population size.

3. Co-infection data by region or on a global scale.

Size: estimated regional or world population, HIV, H. pylori, and HIV–H. pylori co-
infection population sizes were determined by summing the countries’ HIV, H. pylori, and
HIV–H. pylori co-infection population sizes.

Prevalence: estimated regional population prevalence was obtained by dividing the
estimated regional HIV, H. pylori, and HIV–H. pylori co-infection population sizes by the
estimated regional population size.

Estimated world population prevalence was obtained by dividing the estimated world
HIV, H. pylori, and HIV–H. pylori co-infection population sizes by the estimated world
population size.

These data, aggregated according to the country for the year 2015, were combined
in an Excel file and were matched for geographic location [9,10]. Countries with missing
data for H. pylori (n = 106) and HIV infection data expressed as categorical without the
population size used for the estimated frequency (n = 48) were excluded.

HIV infection prevalence and H. pylori–HIV co-infection prevalence are expressed per
thousand (‰). H. pylori infection prevalence is expressed as a percentage (%).

The proportions by country and region underwent the Freeman–Tukey double arcsine
transformation to normalize and stabilize the variance of the sampling distribution of pro-
portions. The meta-analysis was performed on these transformed values. The values of the
estimate of the true proportion and the associated confidence interval were retransformed
using the harmonic mean of the sample sizes of the countries or regions.

Gastric cancer: temporal and geographic data on GC incidence and mortality in each
country and region included were extracted [28].

3. Results

Of 6064 records, 180 were selected, of which nine were retained for data extraction
(Figure 1). From the data in these nine records, HIV infection (n = 126 out of 171 countries)
and H. pylori infection (n = 65 out of 171 countries) were geographically and temporally
available in common for 48/171 countries (28.0%) and were used to generate estimates
of H. pylori–HIV co-infection in 48 countries, including the UN region and global levels.
The estimated global H. pylori–HIV co-infection rate is 1.7‰ (1.7; 1.7) based on available
data from 48 countries and weighted according to the population of each country (Table 1,
Figure 2).



Microorganisms 2023, 11, 887 7 of 16

Table 1. The global estimated number of people living with HIV, H. pylori, and H. pylori–HIV
co-infection based on available data for both infections from 48 countries in 2015.

Population HIV Helicobacter pylori
Estimated Helicobacter pylori

HIV
Co-Infection

UN Region and
Country Size Size Prevalence ‰ Size Prevalence

% Size
Preva
Lence

‰

95% Confidence
Interval

Lower and
Upper Limits

West and Central Africa

Benin 10,880,000 70,000 6.4 8,056,640 74.05 51,835 4.8 4.72; 4.81
Burkina Faso 18,106,000 100,000 5.5 8,475,419 46.81 46,810 2.6 2.56; 2.61

Dem Rep Congo 77,267,000 450,000 5.8 59,835,565 77.44 348,480 4.5 4.51; 4.53
Nigeria 182,202,000 1,700,000 9.3 159,700,053 87.65 1,490,050 8.2 8.16; 8.19

East and South Africa

South Africa 54,490,000 7,200,000 132.1 42,306,036 77.64 5,590,080 102.6 102.51; 102.67

Middle East and North Africa

Egypt 91,508,000 14,000 0.2 37,435,923 40.91 5727 0.1 0.06; 0.06
Libyan Arab
Jamahiriya 6,278,000 8200 1.3 4,795,764 76.39 6264 1.0 0.97; 1.02

Tunisia 11,254,000 2300 0.2 8,191,787 72.79 1674 0.2 0.14; 0.16
Iran (Islamic Rep) 79,109,000 57,000 0.7 46,658,488 58.98 33,619 0.4 0.42; 0.43

Lebanon 5,851,000 2300 0.4 3,039,595 51.95 1195 0.2 0.19; 0.22
Oman 4,491,000 2800 0.6 2,205,081 49.10 1375 0.3 0.29; 0.32
Israel 8,064,000 7900 0.1 5,555,290 68.89 5442 0.7 0.66; 0.69

Western, Southern, and Northern Europe

France 64,395,000 160,000 2.5 30,188,376 46.88 75,008 1.2 1.16; 1.17
Germany 80,689,000 81,000 1.0 28,483,217 35.30 28,593 0.4 0.35; 0.36

Netherlands 16,925,000 23,000 1.4 6,011,760 35.52 8170 0.5 0.47; 0.49
Finland 5,503,000 3500 0.6 3,124,603 56.78 1987 0.4 0.35; 0.38
Ireland 4,688,000 6200 1.3 2,015,840 43.00 2666 0.6 0.55; 0.59

Denmark 5,669,000 6000 1.1 1,254,550 22.13 1328 0.2 0.22; 0.25
Italy 59,798,000 120,000 2.0 33,606,476 56.20 67,440 1.1 1.12; 1.14

Portugal 10,350,000 41,000 4.0 8,942,400 86.4 35,424 3.4 3.39; 3.46
Spain 46,122,000 140,000 3.0 25,307,141 54.87 76,818 1.7 1.65; 1.68

Norway 5,211,000 5400 1.0 1,597,772 30.66 1656 0.3 0.3; 0.33
Latvia 1,971,000 4700 2.4 1,561,229 79.21 3723 1.9 1.83; 1.95
Croatia 4,240,000 1400 0.3 2,234,056 52.69 738 0.2 0.16; 0.19
Estonia 1,313,000 6800 5.2 1,083,356 82.51 5611 4.3 4.16; 4.39

Belgium [19] 11,299,000 18,758 1.7 3,694,773 32.70 6134 0.5 0.53; 0.56

Northern America

United States of
America 321,774,000 1,100,000 3.4 114,552,012 35.60 391,602 1.2 1.21; 1.22

Eastern Europe and Central Asia

Czech Rep 10,543,000 3100 0.3 4,342,662 41.19 1277 0.1 0.11; 0.13
Romania 19,511,000 16,000 0.8 13,372,839 68.54 10,966 0.6 0.55; 0.57

Russian Federation
[20] 143,457,000 1,000,000 12.0 112,585,054 78.48 784,800 5.5 5.46; 5.48

Latin American and Caribbean

Bahamas 388,000 6000 15.5 224,419 57.84 3470 8.9 8.65; 9.24
Argentina 43,417,000 130,000 3.0 21,313,406 49.09 63,817 1.5 1.46; 1.48

Brazil 207,848,000 800,000 3.8 147,946,206 71.18 569,440 2.7 2.73; 2.75
Chile 17,948,000 57,000 3.2 13,382,824 74.56 42,502 2.4 2.35; 2.39

Ecuador 16,144,000 40,000 2.5 11,659,197 72.22 28,888 1.8 1.77; 1.81
Mexico 127,017,000 210,000 1.7 66,709,328 52.52 110,292 0.9 0.86; 0.87
Panama 3,929,000 24,000 6.1 2,123,625 54.05 12,972 3.3 3.25; 3.36
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Table 1. Cont.

Population HIV Helicobacter pylori
Estimated Helicobacter pylori

HIV
Co-Infection

UN Region and
Country Size Size Prevalence ‰ Size Prevalence

% Size
Preva
Lence

‰

95% Confidence
Interval

Lower and
Upper Limits

Asia and Pacific

Kazakhstan 17,625,000 20,000 1.1 14,013,638 79.51 15,902 0.9 0.89; 0.92
Japan 126,573,000 27,000 0.2 65,387,612 51.66 13,948 0.1 0.11; 0.11

Malaysia 30,331,000 81,000 2.7 8,674,699 28.60 23,166 0.8 0.75; 0.77
Nepal 28,514,000 31,000 1.1 19,974,057 70.05 21,716 0.8 0.75; 0.77

Pakistan 188,925,000 120,000 0.6 152,991,465 80.98 97,176 0.5 0.51; 0.52
Singapore 5,604,000 7600 1.4 2,287,553 40.82 3102 0.6 0.53; 0.57
Thailand 67,959,000 520,000 7.7 29,616,532 43.58 226,616 3.3 3.32; 3.35
India ‡ 1,311,051,000 2,622,102 2.0 831,8618,60 63.45 1,663,724 1.3 1.27; 1.27

Indonesia § 268,000,000 620,000 2.3 59,228,000 22.10 * 137,020 0.5 0.51; 0.51
Vietnam 93,448,000 230,000 2.5 65,712,734 70.32 161,736 1.7 1.72; 1.74

China 1,376,049,000 850,000 0.6 768,452,328 55.84 476,399 0.35 0.35; 0.35

Oceania

New Zealand 4,259,000 3200 0.8 1,085,148 25.48 815 0.2 0.18; 0.2

All cited countries 5,297,987,000 18,750,260 3.5 3,062,858,388 57.81 5,206,859 1.7 # 1.7; 1.7

UN—United Nations. Belgium estimated HIV prevalence in 2015: 1.7. Russian Federation estimated HIV
prevalence in 2017: 1.2%. ‡ India estimated HIV prevalence in 2017: 0.2%. § Indonesia estimated HIV prevalence in
2016: 0.4% [19–21]. * Indonesia estimated H. pylori prevalence in 2015: 22.1% [22]. # When the relative proportion
of each country’s population is taken into account in the estimation.

South Africa and Nigeria are the countries with the highest prevalence of H. pylori–HIV
co-infection. Due to the large size of the data set for each country, which is illustrated by
narrow confidence intervals, there is great geographical heterogeneity. Adjustment by the
weight of the inverse variance did not provide additional precision to the estimation of the
true proportion.

The world human population reached 7.4 billion people in the 2015 reference year.
The 1.7‰ H. pylori–HIV co-infection prevalence proportion corresponds to a prevalence
number of 12,580,000. In addition to the data in the tables, some local reports of data
deserve citation. The prevalence of the H. pylori–HIV co-infection in single-center studies
was 32.6% in Busan (Republic of Korea in the year 2019) using the serology method, 69.7%
in Tehran (Iran in the year 2011) using the stool genotyping method, and 78.1% vs. 75.1%
at Assela (Ethiopia in the year 2017) using the stool antigen method among asymptomatic
individuals with and without HIV infection, respectively [23–25]. At Bologna in Italy, the
prevalence was 55% and 58% by serology among asymptomatic past-intravenous drug users
versus the general population, respectively, tested by serology, and 40% and 66% among
symptomatic past-intravenous drug users versus the general population, respectively,
tested by pathology [26].

At the regional level (Figure 3), sub-Saharan Africa was the leading UN region for
H. pylori–HIV co-infection with an estimated prevalence of 21.9‰ (21.87–21.93). The
South and East Africa UN sub-regions were more affected by H. pylori–HIV co-infection
than others.
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Kazakhstan 0.9  (0.89;0.92)

Japan 0.11  (0.11;0.11)

Malaysia 0.76  (0.75;0.77)

Nepal 0.76  (0.75;0.77)

Pakistan 0.51  (0.51;0.52)

Singapore 0.55  (0.53;0.57)

Thailand 3.33  (3.32;3.35)

India 1.27  (1.27;1.27)

Indonesia 0.51  (0.51;0.51)

Vietnam 1.73  (1.72;1.74)

China 0.35  (0.35;0.35)

Oceania

New Zealand 0.19  (0.18;0.2)

Estimated true proportion 1.7  (1.7;1.7)

* outl ier at 102.6 (102.51;102.67)

Prevalence (‰) 

0 2 4 6 8 10 12

Figure 2. Forest plot: distribution of H. pylori–HIV co-infection prevalence. Each circle represents the
prevalence with its confidence interval. Diamond represents the overall estimate prevalence. * Valeur
very far from the others.
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Figure 3. Forest plot of the H. pylori–HIV co-infection prevalence at the subregion level. Each circle
represents the prevalence with its confidence interval. * Valeur very far from the others.

Eastern Europe and Central Asia comprised the second-highest UN regions for
H. pylori–HIV co-infection frequency, while the Latin America and Caribbean regions were
third; the Caribbean, in particular, was the sub-region with the greatest prevalence outside
Africa. North America and the Western/Southern/Northern Europe UN regions were the
fourth highest for H. pylori–HIV co-infection, with similar prevalence rates in North Amer-
ica compared to Western/Southern/Northern Europe. In Western/Southern/Northern
Europe, there is a North–South gradient for H. pylori–HIV co-infection prevalence, with
Northern Europe inferior to Southern Europe. Finally, the Asia and Pacific region is one
where H. pylori–HIV co-infection is found at a low rate. However, the current H. pylori–HIV
co-infection prevalence in this last region is underestimated due to uncertain data from
China. On the other side of the spectrum, Oceania, North Africa, and the Middle East are
regions with a lower prevalence of H. pylori–HIV co-infection. More details are presented
in Supplementary Table S1.

In terms of the number of people with H. pylori–HIV co-infection, the top three
regions are sub-Saharan Africa, followed by Asia and Latin America, and the Caribbean
(Supplementary Figure S1).

GC incidence and death are conjointly increased in the general population in high-risk
regions. Looking at the horizontal bar of 10/100,000 people age-standardized incidence
(Figure 4), 10 of 21 geographical areas are characterized by an incidence of GC greater
than this limit. See Supplementary Tables S2 and S3 for details. It should be noted that,
from these data, no clear association appears with the distribution of H. pylori prevalence:
for example, the two areas with the greatest GC incidence in Figure 2 (HI-Asia Pacific;
East Asia and Eastern Europe) had a low 0.8% prevalence of H. pylori–HIV co-infection (as
seen in Figure 3). Reciprocally, South Africa, with the greatest prevalence of H. pylori–HIV
co-infection, had a low GC incidence of 5/100,000 people, as shown in Figure 4. At the
present time, there is not yet clear evidence of an effect of H. pylori–HIV co-infection on
gastric carcinoma incidence at the population level (see Section 4).
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Figure 4. Age-standardized incidence and death rates from gastric cancer from 1990 to 2017
for 21 Global Burden of Disease regions (adapted from [29]). Blue columns illustrate the age-
standardized incidence of gastric adenocarcinoma (per 100,000 people) across world regions, and the
red curve illustrates age-standardized mortality (per 100,000 people) across world regions. The hori-
zontal bar of 10/100,000 people age-standardized incidence. Age standardization allows comparison
of populations when their age structure differs. The period studied is from 1990 to 2017.

4. Discussion

This study assessed the prevalence of H. pylori–HIV co-infection at the global, re-
gional, and subregional levels. The main findings were an estimated global prevalence of
1.7 per 1000 people and significant heterogeneity across UN regions. This heterogeneity of
the distribution of H. pylori–HIV co-infection frequency has already been observed among
the subgroup of PLHIV with symptoms justifying investigations such as an upper gas-
trointestinal endoscopy with gastric biopsy, serology, and other tests to diagnose H. pylori
infection [13–17]. Nevertheless, this subgroup of symptomatic H. pylori-infected people
undergoing investigation does not reflect all of the H. pylori carriers, given that 52% to 75%
of them are asymptomatic and unaware of their infection [30–32].

Our estimate of the global prevalence of H. pylori–HIV co-infection and its hetero-
geneous distribution probably results from the interplay of factors such as the infection
dynamics and the method of diagnosis. First, infection dynamics differ according to age,
especially during childhood for H. pylori, notably in low-income countries (where the rate
of infection is increased by low levels of education, poor access to clean water, elevated
urbanization, and low socioeconomic status), and mainly during young adulthood for HIV
in most countries [1–5]. Thus, susceptible individuals have already been infected with H.
pylori at the time of HIV infection, while simultaneous co-infection by H. pylori and HIV
is rare.

Second, antibiotics and proton pump inhibitors are frequently prescribed for PLHIV,
and their use before tests, such as pathology, microbiology, and the urea breath test, has
undermined the detection of H. pylori [13–17,23,33,34]. Moreover, the level of immune
function of PLHIV appears to inversely affect the rate of H. pylori diagnosis by the above
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methods [35]. Neither medications nor normal immune function affects the performance
of serology-based diagnoses (IgG titer), but antibodies against H. pylori disappear in the
blood several years after the cure of the H. pylori infection and in severe immunodepres-
sion states, increasing the risk of false negative test results. Therefore, H. pylori serol-
ogy testing appears most suitable for the epidemiological evaluation of the prevalence
of H. pylori infection in a large population of PLHIV with caution in those with severe
immunodepression [10,12,33,35–37].

The H. pylori prevalence rates discussed here are representative of the general popula-
tions of the countries or regions studied and were widely diagnosed by serology tests [9].
Moreover, HIV infection prevalence rates were based on a true evaluation of the general
population (i.e., pregnant women attending antenatal clinics, population-based surveys)
when HIV infection was endemic, key populations (i.e., intravenous drug users), or reported
HIV cases when the prevalence in the country was low, as performed for the UNAIDS
database, one of our data sources [10,28]. This accuracy of the prevalence of HIV infection,
which is less frequent and a limiting factor for both microorganisms, allowed us to provide
an estimated prevalence of H. pylori–HIV co-infection with a narrow confidence interval.

From a global view of the world’s population, the prevalence of H. pylori–HIV co-
infection in a large population could represent a huge absolute number of H. pylori–HIV
co-infections of epidemiological interest, notably for preventive interventions and risk
projection of complications such as GC.

The interaction of H. pylori–HIV co-infection with gastric carcinoma risk at a population
level is not yet established. It should be noted that the available data up to this point have
only been descriptive. This limits the available methods of analysis, and meta-analysis
methods are not appropriate for this class of descriptive data [38]. The absence of evidence
of increased risk of GC at the population level in geographical areas affected by elevated
H. pylori and HIV prevalence (as observed in South Africa) does not rule out that, in the
long-term, in HIV patients, H. pylori could be an intermediate pathogen increasing the
risk of GC [28]. Appropriate studies on the incidence of gastric carcinoma in cohorts with
different H. pylori–HIV status are justified due to the global burden of these infections.

Some observations at the local level support the hypothesis that there is an H. pylori–HIV
interaction with GC risk. In a tertiary hospital in Korea, a retrospective study performed
between January 2004 and December 2018 detected three cases of GC in 81 PLHIV who un-
derwent 118 screening upper gastrointestinal endoscopies and one case of GC in 192 PLHIV
who underwent 192 diagnostic upper gastrointestinal endoscopies [39]. The authors es-
timated the incidence of GC to be 4 per 1000 patients/year for upper gastrointestinal
endoscopy screening. Another study from Japan suggested at a 10-year follow-up that
there was a 1.8-fold risk of GC among PLHIV compared to the general population [40]. This
may be due to the factors mentioned above as well as gut dysbiosis, vitamin deficiencies,
and oxidative stress, the latter being attributed to H. pylori reactions.

Consequently, in those regions with a high risk of GC, surveillance of preneoplastic
lesions could be considered among PLHIV, given that the combination antiretroviral therapy
(cART) era has led to both significant improvement in life span and increased prevalence
of H. pylori infection [13,15,16,41]. Moreover, the global risk of cancer among PLHIV has
increased, with more advanced-stage cancers and higher mortality rates. Furthermore,
globally, only 15% of all GCs are diagnosed at an early stage, and GC and AIDS each caused
nearly 700,000 deaths in 2018. Of those deaths, the proportion of death by GC in PLHIV is
still not well known [29,42–45].

Based on this body of evidence, we suggest, first, that PLHIV with H. pylori co-infection
should be identified and treated in adulthood but, more importantly, at a younger age,
before the development of preneoplastic lesions, as H. pylori eradication before the advent
of premalignant lesions has been shown to reduce the risk of GC [33,45]. Second, GC should
be integrated as a risk factor to be screened for in those with H. pylori-related premalignant
lesions. No recommendations exist for GC screening in PLHIV [45–49].
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Our study has limitations and strengths. We conducted this cross-analysis of inter-
national data on H. pylori and HIV infections because of the paucity of national data on
co-infection. Indeed, endoscopy-based data pertain mostly to symptomatic individuals and
therefore exclude most H. pylori-infected individuals, who are often asymptomatic [30–32].
Our analysis did not involve “uncertainty analyses”, which concern dynamic population
changes, but we performed a temporal and geographical analysis of data [9,10]. Moreover,
our HIV statistics were based on a true evaluation of the general population [28]. Data for
H. pylori infection and HIV infection were missing for several countries, and for others,
they were limited. A major strength of this study is that it is the first attempt to use large
databases to estimate global H. pylori–HIV co-infection rates, which appear to be a severe
global public health burden with differences in geographical distribution. Together with
this result, preliminary data from Asia suggest the need to carefully consider the risk of GC
among PLHIV, particularly in regions at high risk of GC [14]. Consequently, more studies
are required to document the potential for emerging excess morbidity of H. pylori in PLHIV,
particularly in people with GC.

In summary, according to the data available, H. pylori–HIV co-infection is a global
health burden that is estimated at 1.7 per thousand people worldwide with a heterogeneous
distribution across different world regions. When analyzing the relationship at the popula-
tion level of HIV prevalence, H. pylori prevalence, and gastric carcinoma incidence, there
is, at present, no clear association between co-infection with these pathogens and gastric
carcinoma. Nevertheless, the question becomes relevant to take into account the possible
long-term effects of H. pylori in HIV-positive patients as a combined risk of GC development.
Due to the more than 30 years of incubation of gastric carcinoma in H. pylori-positive pa-
tients, it is not surprising that an increased risk of GC in HIV-positive patients has not been
documented yet [50]. There is a need for long-term cohort or case–control investigations to
evaluate the risk of GC in HIV-positive patients versus HIV-negative patients. According
to the precautionary principle, HIV patients should be screened for H. pylori infection and
treated systematically and adequately.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/microorganisms11040887/s1, Figure S1: Global estimated
number of H. pylori-HIV co-infections by United Nations regions for the year 2015; Table S1: Global
estimate of people living with HIV, H. pylori, and H. pylori co-infection based on available data for
both infections in UN regions (in bold) and in UN sub-regions. Table S2: Number and incidence
rate and number and death rate from gastric cancer at countries levels [29]. Table S3: Incidence and
deaths due to the gastric cancer from 1990 to 2017 at regional and global levels [29].
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