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Objectives
Helicobacter pylori is a worldwide infection, but little is known about the efficacy of treatment for
H. pylori infection in HIV-positive patients. The goal of this work was to evaluate outcomes after
first-line H. pylori treatment and identify risk factors for failure in HIV-positive patients.

Methods
This registry study of unmatched H. pylori-infected HIV-positive patients and HIV-negative obese
pre-bariatric surgery controls was performed in a tertiary university hospital. Cases were enrolled
from 2006 to 2017, controls from 2007 to 2014, and both received standard of care. An additional
‘optimal’ subgroup of cases was enrolled prospectively from 2017 to 2019 which was treated only
on the basis of antibiogram, drug interaction search and additional support by one referent
physician. Helicobacter pylori eradication failure rates were compared according to clinical,
microbiological and pathological parameters and treatment.

Results
We analysed 258 HIV-positive patients and 204 HIV-negative control patients. Helicobacter pylori
eradication failure rates were markedly greater in cases (24.1%) than in controls (8.8%). The
proportions of levofloxacin and metronidazole resistance were greater in cases than in controls
(P < 0.05). Among cases treated with H. pylori triple therapy (S3T), the ‘optimal’ subgroup
experienced a 9.5% failure rate vs. 28.6% with other strategies (P = 0.01). Risk factors for failure
were H. pylori treatment strategy, exposure to antiretroviral treatment, and alcohol status. Overall,
positive HIV status was a risk factor for S3T eradication failure.

Conclusions
Patients co-infected with H. pylori and HIV frequently failed to eradicate H. pylori and this was
related to treatment strategy, antiretroviral exposure and lifestyle.
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Introduction

Treatment of Helicobacter pylori infection prevents gas-

troduodenal complications [1–3]. Worldwide, among

numerous regimens against H. pylori infection, the stan-

dard triple therapy (S3T), a combination of two antibi-

otics and a proton pump inhibitor (PPI), is widely used

[1,2]. However, the failure rate for S3T has increased in

recent years, ranging from 20% to 30% [4,5]. The main

reasons for this are related to increased antibiotic resis-

tance and poor treatment compliance (dosage, duration,

frequency) [4–6]. Moreover, host genetic factors such as

PPI metabolism and interleukin-1B (IL-1B) polymorphisms

may be involved [7–9]. Graham et al. [10] have suggested

that the standard of care should target a response rate of at

least 90–95% with an accepted cure rate ≥ 80%.

These complications are also found in HIV-infected

individuals who are co-infected with H. pylori [11–14].
However, evidence of the effectiveness of H. pylori
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infection treatment among HIV-infected patients is lim-

ited compared with the general population [1,3]. This lon-

gitudinal study of individuals co-infected with H. pylori

and HIV has two objectives: (1) to describe the different

regimens used and eradication rates of first-line therapies

against H. pylori infection, and (2) to identify predictors

of H. pylori treatment failure.

Methods

This longitudinal unmatched case–control registry-based

study included outpatients from University Hospital Saint

Pierre, Brussels (Belgium), a general tertiary hospital.

Patients were scheduled for treatment after a positive

diagnosis of H. pylori infection. They were divided into

three groups: (1) cases were HIV-positive individuals

enrolled from 1 January 2006 to 31 August 2017; (2)

controls were obese individuals who were candidates for

bariatric surgery enrolled from 1 January 2007 to 31

December 2014; and (3) an ‘optimal’ subgroup of HIV-

positive individuals who received optimal H. pylori treat-

ment defined as H. pylori treatment administered to indi-

viduals receiving HAART (highly active antiretroviral

therapy), integrating exposure to HAART, antimicrobial

susceptibility testing, a course of 14 days, and drug–drug
interactions. A single specialist physician experienced in

H. pylori therapy provided care as described in the fol-

lowing. Consecutive individuals were recruited prospec-

tively from 10 October 2017 to 10 September 2019.

The study was conducted in accordance with the Decla-

ration of Helsinki, and the protocol was approved by the

local hospital ethics committee of University Hospital

Saint-Pierre, Brussels. All procedures described in the

study were performed for routine medical purposes. Writ-

ten consent from patients was obtained according to reg-

ulatory rules. The study was registered with ISRCTN

registry number 16935348.

Inclusion criteria for cases and controls were as fol-

lows: age ≥ 18 years, H. pylori infection proven by either

culture with antimicrobial susceptibility test (AST) or

pathology examination of gastric samples obtained

through upper gastrointestinal (GI) endoscopy, and no

prior history of H. pylori treatment. Exclusion criteria

were: pregnancy, partial or total gastrectomy, disagree-

ment to participate, prior history of H. pylori treatment,

history of anti-H. pylori antibiotic allergy, end-stage liver

or kidney dysfunction.

Demographic data and clinical parameters, including

pathological and microbiological results of positive

biopsy samples, were collected. Parameters analysed

included demographics [age (< 50 and ≥ 50 years),

gender, ethnicity (sub-Saharan and North Africans, Euro-

pean and other), body mass index (BMI, kg/m2), alcohol

or tobacco consumption (current drinker/smoker or not)];

HIV status, including Centers for Disease Control and

Prevention (CDC) stage, immune profile [CD4 T lympho-

cytes (T CD4)], HIV viral load (at the time of anti-H. py-

lori treatment), HAART status (not treated, treated and

class composition) and non-HAART co-medication use,

including chemoprevention of opportunistic infections

with macrolides, trimethoprim-sulfamethoxazole, and co-

medication against dyslipidaemia, diabetes, arterial

hypertension, cardiomyopathy, coagulation disorders,

depression, anxiety, seizures, as well as painkillers, vita-

min D supplementation and acetylsalicylic acid; H. pylori

treatment (PPI and antibiotics, dose, frequency, duration,

side effects, tolerability, compliance and strategy: empiri-

cal, AST-guided, optimal, and non-optimal); and treat-

ment outcome evaluated by urea breath test (UBT).

Tolerability of S3T refers to ‘the degree to which overt

adverse effects can be tolerated by the subject’: adverse

effects (AEs) were collected ‘on’ treatment using an

adapted questionnaire [‘Have you experienced new com-

plaints since you started treatment? If yes, specify and

score severity as none or mild, moderate, severe, and very

severe according to the effect on your daily life activities

(not limited at all or a little bit) and whether AEs inter-

fered with the treatment (somewhat or not interfering

with the treatment, quite a bit and interfering with the

treatment, and very much and treatment was discontin-

ued with rapid resolution of symptoms afterward)’] [15].

Compliance was evaluated at the end of treatment by

counting the pills left in the diaries and was considered

to be ‘good’ if the patient took > 90% of the dose course

at the full dose of the prescribed treatment > 90% of time

[15].

Antimicrobial susceptibility tests were performed by

disk diffusion and agar dilution methods (Neo-Sensitabs;

Rosco, Taastrup, Denmark); and minimum inhibitory con-

centration was determined by agar dilution method. Iso-

lates were classified as resistant with cut-off values

of ≥ 1 mg/L for clarithromycin (CLA), > 8 mg/L for

metronidazole (MTZ), and > 1 mg/L for levofloxacin

(LEV) [16,17].

Immunohistological staining was used to diagnose

H. pylori infection. All slides were interpreted by the

same pathologist according to the updated Sydney scor-

ing system [18].

Post-UBT, any upper GI endoscopy performed for

whatever reason, such as control of gastric ulcer,

included gastric biopsies for H. pylori diagnosis by

pathology and microbiology examination. After bariatric
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surgery, pathological examination of gastric explants

included examination for H. pylori infection.

Depending on patient anamnesis and the availability or

not of antibiotic susceptibility testing results, physicians

subjectively decided to prescribe one of the following

regimens [2,3]: (1) S3T: a PPI plus two antibiotics (amox-

icillin (AMX), CLA or MTZ) twice daily for 7–14 days; (2)

sequential therapy: a PPI plus AMX twice daily for

5 days followed by a PPI plus CLA and MTZ twice daily

for 5 days; (3) quadruple therapy pharmacy preparation

of capsules: including tetracycline (TET)-chlorhydrate

500 mg plus colloidal bismuth subcitrate 500 mg four

times daily, MTZ three times daily, and PPI twice daily

for 10 days [19]; (4) another quadruple therapy, single

pill formulation, containing bismuth subcitrate 140 mg/

TET-chlorhydrate125 mg/MTZ 125 mg (three pills to take

four times daily) plus one PPI (two times daily) for 10

days [20]; or (5) concomitant therapy : PPI plus three

antibiotics (AMX, CLA, MTZ) twice daily for 14 days.

PPIs used were esomeprazole 40 mg (mainly used in ‘op-

timal’ strategy), lansoprazole 30 mg, omeprazole 20 mg,

pantoprazole 40 mg or rabeprazole 20 mg. Antibiotic

doses were AMX 1000 mg, CLA 500 mg, MTZ 500 mg.

Helicobacter pylori treatment strategy was defined as

based or not on antibiotic susceptibility testing as empiri-

cal (individuals treated on the basis of positive pathology

examination alone, without AST), AST-guided (AST was

available but not always completely adhered to when

making decisions on treatment), or optimal therapy for

H. pylori in HIV-infected individuals as described earlier

and, in addition, a single physician experienced in H. py-

lori therapy provided care as follows: (1) patient received

oral explanation of treatment and associated side effects,

and simple support material (Appendix S1) indicating

drugs and drinking instructions (if necessary, in the

patient’s language); (2) at day 2 (or 3) ‘on’ treatment, the

nurse or physician had phone contact with the patient for

coaching and to ask about any side effects, and a visit to

the clinic was planned if the patient experienced any

problems related to the prescribed medications; (3)

patients were seen by the medical staff once the treat-

ment ended in order to get further information (tolerabil-

ity, compliance) and to plan the UBT.

Helicobacter pylori eradication was defined as no

detection of H. pylori: at UBT performed in all patients,

as described previously [21], ≥ 6 weeks after treatment

completion [3], or in other examinations (e.g. pathology

examination of gastric biopsies from upper GI endoscopy

performed after healing of H. pylori to monitor gastric

lesions or gastric explants of HIV-negative obese patients

undergoing bariatric surgery); and at control UBT per-

formed 6 months after an early inconclusive test.

All authors had access to the study data and reviewed

and approved the final manuscript.

Statistical analysis

According to the unmatched case–control study design,

the threshold of statistical significance was defined by

the Breslow & Day method using EpiInfoTM software

[22,23]. For a cohort of 484 individuals, including 242

cases and 242 controls, and an 8% H. pylori eradication

failure level in the control group, the percentage of expo-

sure in the case group had to be > 17% to obtain a sig-

nificant difference at the alpha-level of 0.05 with 80%

power.

Univariable analysis was used to compare the distribu-

tion of variables: HIV-positive vs. HIV-negative individu-

als; and among HIV-positive individuals, those not-

treated vs. those treated with HAART. For the comparison

of continuous variables normally distributed or not, Stu-

dent’s t-test or the Mann–Whitney test was used. For the

comparison of two or more categorical variables, Fisher’s

exact test or the Pearson v2 test was used. Adjustments

of categorical variables for confounding variables, and

odds ratios (OR) with 95% confidence intervals (95% CsI)

were measured with the Mantel–Haenszel method. All

statistical significance measurements were two-tailed.

There was no correction for multiple comparisons.

Variables with a statistical significance ≤ 0.1 in uni-

variable analysis were included in a binary logistic

regression. Baseline variables in the univariable analysis

of cases and controls were as follows: age, gender, eth-

nicity (black African vs. others), HIV serology/RNA,

tobacco habits and alcohol intake, H. pylori treatment

[type, duration, treatment year and strategy (such as Opti-

mal versus non-optimal)], co-medication and AST results.

Baseline variables in the univariable analysis of cases

were age, gender, ethnicity, tobacco habit, alcohol intake,

CD4 T cell count, HAART, non-HAART co-medication

and S3T therapy against H. pylori [duration, year of

treatment and strategy (such as optimal vs. other)]. For

statistical purposes, the variable ‘H. pylori treatment’ was

defined as two strategies, ‘optimal’ and ‘other’, which

combined the ‘empirical’ and AST-guided strategies. This

was in order to determine the outcome of the new ‘opti-

mal’ strategy vs. others (non-optimal) as each of the com-

ponents was studied separately in the whole cohort.

Any patient who received at least one dose of treat-

ment was included in the statistical analysis. The IBM

SPSS Statistics v.25 - 08/2018 (IBM Corporation, New

York, NY, USA) was used for the statistical analysis. Sig-

nificance was assumed at a P < 0.05 threshold.
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Results

A total of 462 consecutive patients (Fig. 1) were included:

258 HIV-positive cases and 204 HIV-negative controls.

Table 1 summarizes the demographic data. Both groups

were similar with regard to the proportion of patients

aged < 50 vs. ≥ 50 years, but dissimilar for ethnic distri-

bution, sex ratio, smoking habits, alcohol intake and

non-HAART co-medication.

Helicobacter pylori antimicrobial susceptibility testing to

AMX, CLA, LEV, MTZ and TET was available for 135 cases

and 106 controls. Distribution of resistance to antibiotics

Individuals assessed for H. pylori test eligibility

HIV-positive (n = 985)

HIV-negative (n = 790)

H. pylori tests negative 

HIV-positive (n = 682)

HIV-negative (n = 575)

Analysed (n = 258)
H. pylori/HIV co-infection (case)
Lost to follow-up: 1

Excluded from analysis (n = 45)

Reasons: 

. Pregnancy (n = 1)

. Disagreement to participate (n = 1)

. History of H. pylori treatment (n = 39)

. History of penicillin allergy (n = 2)

. Liver or kidney dysfunction (n = 2)

HIV-positive (n = 303)

Excluded from analysis (n = 11)

Reasons: 

. Partial gastrectomy (n = 1)

. Pregnancy (n = 0)

. Disagreement to participate (n = 0)

. History of H. pylori treatment (n = 9)

. History of penicillin allergy (n = 1)

. Liver or kidney dysfunction (n = 0)

HIV-negative (n = 215)

Analysed (n = 204)
H. pylori-positive/HIV-negative (control)
Lost to follow-up: 0

Examined

H. pylori test positive 
(pathology and/or culture)

Fig 1 Flow diagram
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was 34/241 (14.1%) for CLA, 61/241 (25.3%) for LEV and

109/239 (45.6%) for MET. No AMX or TET resistance was

observed. The proportion of patients who harboured strains

with resistance to at least one of CLA, LEV or MTZ and the

proportion with resistance to MTZ and LEV were signifi-

cantly greater in cases than in controls. The proportion

with CLA resistance was greater in cases than in controls,

but the difference was not statistically significant.

At the time of H. pylori treatment of cases, median [in-

terquartile range (IQR)] CD4 T-cell count was 527 cells/lL
(360–729) and median (IQR) viral load was 50 copies/mL

(20–531). In all, 201 cases (77.9%) were on HAART, the

composition of which is presented in Appendix S2. In the

optimal subgroup, HAART was switched to avoid drug–
drug interactions in 9/42 (21.4%) cases.

Table 2 summarizes H. pylori treatment received: S3T

in 401 patients (most prescribed in both groups), sequen-

tial in 48 (more prescribed in controls), bismuth quadru-

ple therapy (BQT) in 11 and concomitant therapy in two

(both only in cases).

Among the 401 individuals treated with S3T, the strat-

egy for antibiotic administration in relation to antibiotic

susceptibility test was: ‘empirical’ for 191 individuals

(46.2% of cases and 49.4% in controls), AST-guided for

167 individuals (38.4% in cases vs 50.6% in controls),

and optimal for 43 cases.

A 7-day course of treatment was more common in

cases than in controls: 122 of 258 (47.3%) vs. 35 of 204

(17.2%), respectively.

Table 3 summarizes H. pylori treatment outcome fail-

ures in cases and controls. With regard to treatment

classes, failure was significantly more common in cases

(25.0%) than in controls (9.1%) for S3T; the difference in

treatment failure was of the same order of magnitude for

sequential treatment (cases, 20%; and controls, 7.1%),

even if not statistically significant.

When looking at S3T class as a function of treatment

strategy, failure rates were significantly greater in cases

for both AST-guided and empirical strategies. Remark-

ably, the optimal strategy demonstrated a level of H. py-

lori eradication failure rate similar to that observed in

controls. Adverse events were mild to moderate in 87%

and 93% of cases and controls, respectively. Severe

adverse events were reported and lead to treatment dose

Table 1 Baseline characteristics of cases and controls

Characteristics
HIV-positive HIV-negative

P-value(n = 258) (n = 204)

Demographics
Age (years) [mean � SD (N)] 43.4 � 10.9 (258) 39.1 + 12.1 (204) < 0.0001
Age < 50 years [n/N (%)] 195/258 (75.6%) 161/204 (78.9%) 0.4
Male gender [n/N (%)] 127/258 (49.2%) 56/204 (27.5%) < 0.0001
Body mass index (kg/m2) [mean � SD (N)] 26.2 � 6.3 (237) 42.2 � 5.7 (204) < 0.0001
Ethnicity
Sub-Saharan African [n/N (%)] 160/258 (62.0%) 35/198 (17.7%) < 0.0001
North African [n/N (%)] 11/258 (4.3%) 46/198 (23.2%)
European [n/N (%)] 70/258 (27.1%) 115/198 (58.1%)
Other [n/N (%)] 17/258 (6.6%) 2/198 (1.0%)

Lifestyle
Tobacco smokers [n/N (%)] 70/252 (27.8%) 31/203 (15.3%) 0.001
Alcohol drinkers [n/N (%)] 90/251 (35.9%) 24/203 (11.8%) < 0.0001

Co-medication non-HAART
≥ 2 non-HAART co-medications [n/N (%)] 67/258 (26.0%) 28/187 (15.0%) 0.006

Microbiology*
No antibiotic resistance [n/N (%)] 38/135 (28.1%) 56/104 (53.8%) 0.0001
Resistance to one antibiotic [n/N (%)] 57/135 (42.2%) 35/104 (33.7%)
Resistance to two antibiotics [n/N (%)] 36/135 (26.7%) 13/104 (12.5%)
Resistance to three antibiotics [n/N (%)] 4/135 (3.0%) 0/104 (0.0%)

Resistance to:
Clarithromycin [n/N (%)] 23/135 (17.0%) 11/106 (10.4%) 0.1
Levofloxacin [n/N (%)] 47/135 (34.8%) 14/106 (13.2%) 0.0001
Metronidazole [n/N (%)] 71/135 (52.6%) 38/106 (36.5%)† 0.01

HAART-treated** [n/N (%)] 201/258 (77.9%) – NA
CD4 T lymphocytes (cells/lL) [median (IQR) (N)] 527 (360–729) (258) – NA
HIV viral load (copies/mL) [median (IQR) (N)] 50 (20–531) (257) – NA

n, no. meeting the characteristic; N, total no. of observations.
†2 strains death.
*Of 241 individuals, the distribution of resistance to antibiotics were 34/241 (14.1%) for clarithromycin, 61/241 (25.3%) for levofloxacin, and 109/239
(45.6%) for metronidazole.
**See Supplementary Appendix S2 for more details.
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reduction in 12/225 (5.3%) cases and 2/176 (1.1%) con-

trols and to treatment discontinuation in two (0.8%)

cases.

Risk factors of H. pylori treatment failure in 461 indi-

viduals were evaluated by univariable analysis. Six base-

line characteristics were significantly associated with

greater proportions of H. pylori eradication failure

[age ≥ 50 years; alcohol drinker; tobacco smoker; HIV-

positive status; duration of H. pylori therapy (7 days)]

with a P-value ≤ 0.1 (Table 4). The other baseline charac-

teristics did not reach statistical significance and were

not included in the multivariable analysis. In the multi-

variable analysis, only HIV-positive status remained sig-

nificantly associated with increased risk of H. pylori

eradication failure (P < 0.05). When restricting the analy-

sis to S3T H. pylori treatment subcohort (Appendix S3),

the results were similar.

Analysis of risk factors of H. pylori treatment failure in

cases was restricted to subjects treated with S3T, to

include HIV-related variables (CD4 count, HAART treat-

ment, CDC stage) (Table 5). Univariable analysis showed a

favourable association (P ≤ 0.1) of alcohol abstinence, no

HAART treatment, non-HAART co-medication, CD4

count < 500 cells/lL, CDC stage 2 or 3 at H. pylori treat-

ment, and optimal with eradication of H. pylori. When

introducing these factors in multivariable analysis by

logistic regression, alcohol abstinence, non-HAART treat-

ment, and optimal treatment reached a significance level

of P < 0.05.

Among cases treated with S3T H. pylori treatment, the

optimal strategy achieved more successful eradication,

with fewer failures than the AST-guided strategy [4/42

(9.52%) vs. 27/78 (34.6%); P = 0.002; OR (95% CI): 0.18

(0.06–0.616)], the empirical strategy [4/42 (9.5%) vs. 25/

104 (24.04%); P = 0.06; OR (95% CI): 0.33 (0.1–1.0237)],
and the non-optimal subgroup [(4/42 (9.5%) vs. 52/182

(28.5%); P = 0.01; 0.26 (0.089–0.774)].
The failure of S3T to eradicate H. pylori, stratified by

CD4 T-cell count and HAART use, among 224 cases is

presented in Appendix S4. Higher CD4 T-cell count

Table 2 Characteristics of Helicobacter pylori treatment in cases and controls

Characteristics HIV-positive HIV-negative P-value

[n/N (%)] [n/N (%)]
Anti-H. pylori treatment
S3T 225/258 (87.2%) 176/204 (86.3%)
Empirical 104/225 (46.2%) 87/176 (49.4%)
AST-guided 78/225 (34.7%) 89/176 (50.6%) < 0.0001
Optimal 43/225 (19.1%)* 0/176 (0.0%) 0.002
Sequential 20/258 (7.8%) 28/204 (13.7%)
Bismuth quadruple therapy 11/258 (4.3%) 0/204 (0.0%)
Concomitant 2/258 (0.8%) 0/204 (0.0%)

Duration of S3T
7 days 122/258 (47.3%) 35/204 (17.2%) < 0.0001.
10 days 83/258 (32.2%) 169/204 (82.8%)
14 days 53/258 (20.5%) 0.0 (0.0%)

Calendar period of treatment
2003–2006 39/258 (15.1%) 0/204 (0.0%) < 0.0001
2007–2014 143/258 (58.1%) 204/204 (100.0%)
2015–2019 46/258 (26.7%) 0/204 (0.0%)

AST, antimicrobial susceptibility test; n, no. meeting the characteristic; N, total no. of observations; S3T, standard triple therapy.
*One lost to follow-up after inclusion.

Table 3 Helicobacter pylori treatment failure in cases and controls

Characteristics
HIV-positive
[n/N (%)]

HIV-negative
[n/N (%)] P-value

Class of treatment
S3T 56/224 (25.0%) 16/176 (9.1%) < 0.0001
Sequential 5/20 (20.0%) 2/28 (7.1%) 0.111
Bismuth quadruple therapy 0/11 (0.0%) – NA
Concomitant 1/2 (50.0%) – NA
Overall 62/257 (24.1%) 18/204 (8.8%) < 0.0001

S3T*
Empiric 25/104 (24.0%) 7/87 (8.0%) 0.003
AST-guided 27/78 (34.6%) 9/89 (10.1%) 0.0001
Optimal 4/42 (9.5%)† – NA
Overall 56/224 (25.0%) 16/176 (9.1%) < 0.0001

AST, antimicrobial susceptibility test; n, no. meeting the characteristic;
N, total no. of observations; NA, not applicable; S3T, standard triple
therapy; optimal, optimal therapy of H. pylori in HIV-positive individu-
als.
*Among ST3 patients, side effects were none or mild in 196/225
(87.1%) cases and 164/176 (93.1%) controls, moderate in 27/225
(12.0%) cases and 11/176 (6.2%) controls, severe leading to treatment
dose reduction in 12/225 (5.3%) cases and 2/176 (1.1%) controls, and
severe leading to treatment discontinuation in two (0.8%) cases. The
two cases with severe side effects were allergic reactions with diffuse
rash and dizziness. There were no cases of life-threatening conditions.
‘Good’ compliance to treatment was achieved in 211/225 (93.7%) cases
and in 174/176 (98.8%) controls.
†Three out of four failures were due to proton pump inhibitor and
antibiotic dose reduction.
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Table 4 Analysis of strength of association between Helicobacter pylori eradication failure and demographic variables, H. pylori therapy char-
acteristics, and HIV status

Univariable analysis by Mantel–Haenszel method.* Eradication failure [n/N (%)]
Unadjusted OR
(95% CI)

Fisher’s
exact testVariable Category as group† 0 vs. 1 Group 0 Group 1

Age < 50 vs. ≥ 50 years 57/355 (16.1%) 23/106 (21.7%) 0.690 (0.402–1.187) 00.1
Gender Male vs. female 34/183 (18.6%) 46/278 (16.5%) 1.151 (0.706–1.876) 0.6
Alcohol Abstainer vs. drinker 46/340 (13.5%) 30/113 (26.5%) 0.433 (0.257–0.728) 00.002
Tobacco Non-smoker vs. smoker 54/354 (15.3%) 23/100 (23.0%) 0.603 (0.348–1.043) 00.07
Ethnicity Sub-Saharan vs. other 37/194 (19.1%) 43/261 (16.5%) 1.195 (0.736–1.941) 0.5
HIV HIV-negative vs. HIV-positive 18/204 (8.8%) 62/257 (24.1%) 0.304 (0.174–0.534) < 0.0001
Duration of H. pylori therapy 7 vs. 10–14 days 38/157 (24.2%) 42/304 (13.8%) 1.992 (1.221–3.250) 00.006
Type of H. pylori treatment ST3 vs. other (seq., BQT, CoT) 72/400 (18.0%) 8/61 (13.1%) 1.454 (0.663–3.191) 0.4
Strategy of H. pylori therapy Optimal vs. other 4/42 (9.5%) 76/419 (18.1%) 0.475 (0.165–1.371) 0.2
Year of H. pylori therapy 2003–2010 vs. 2011–2019 34/219 (15.5%) 46/242 (19.0%) 0.783 (0.481–1.274) 0.3
Non-HAART co-medication 0-1 vs. ≥ 2 non-HAART 53/349 (15.2%) 24/95 (25.3%) 0.530 (0.306–0.916) 00.02
Multivariable analysis by binary
logistic regression (N = 415)

Adjusted OR (95% CI) Sign. LR

Age < 50 yrs vs. ≥ 50 yr 0.951 (0.506–1.789) 0.8
Alcohol Abstainer vs. drinker 0.570 (0.321–1.011) 0.05
Tobacco Non-smoker vs. smoker 0.760 (0.418–1.383) 0.3
HIV HIV-negative vs. HIV-positive 0.419 (0.218–0.805) 00.009
Duration H. pylori therapy 7 days vs. 10-14 days 1.561 (0.907–2.686) 0.1
Non-HAART co-medication 0–1 vs. ≥ 2 vs. non-HAART 0.712 (0.385–1.316) 0.2

BQT, bismuth quadruple therapy; CI, confidence interval; CoT, concomitant therapy; HAART, highly active antiretroviral therapy; n, no. meeting the
characteristic; N, total no. of observations; OR, odds ratio; seq., sequential therapy; sign. LR, significant logistic regression.
*H. pylori antibiotic resistance was not introduced because it decreased the number of observations from 461 to 239.
†Group 0 includes: age < 50 years, male, abstainer, Sub-Saharan, HIV-negative, 7 days, standard triple are two parameters, optimal, 2003-2010, and
0–1 non-HAART co-medication. Group 1 is the opposite of group 0 categories.

Table 5 Analysis restricted to 224 HIV-positive subjects treated using standard triple therapy (S3T) Helicobacter pylori treatment: strength of
association of demographic variables, H. pylori treatment variables and HIV variables with H. pylori eradication failure proportion by univari-
able analysis (a) and multivariable analysis (b)

(a) Univariate analysis by Mantel–Haenzel method Eradication failure [n/N (%)]

Unadjusted OR (95% CI)
Fisher’s
exact testVariable Category as group* 0 vs. 1 Group 0 Group 1

Age <50 yr vs. ≥50 yr 41/174 (23.6%) 15/50 (30.0%) 0.719 (0.358–1.447) 0.3
Gender male vs. female 29/107 (27.1%) 27/117 (23.1%) 1.239 (0.676–2.271) 0.5
Ethnicity Sub-Saharan vs. other 31/136 (22.8%) 25/88 (28.4%) 0.744 (0.403–1.373) 0.3
Alcohol abstainer vs. drinker 28/142 (19.7%) 25/77 (32.5%) 0.511 (0.272–0.960) 00.04
Tobacco not smoker vs. smoker 37/157 (23.6%) 16/62 (25.8%) 0.886 (0.450–1.746) 0.7
H. pylori antibiotic resistance No resistance vs. resistance to ≥ one antibiotic 8/35 (22.9%) 23/85 (27.1%) 0.799 (0.317–2.010) 0.8
Strategy of H. pylori treatment Optimal vs. other 4/42 (9.5%) 52/182 (28.6%) 0.263 (0.089–0.774) 00.01
HAART treatment No-HAART vs. HAART 6/53 (11.3%) 50/171 (29.2%) 0.309 (0.124–0.769) 00.01
Non-HAART co-medication 0–1 vs. ≥ 2 non-HAART co-medications 34/161 (21.1%) 22/63 (34.9%) 0.499 (0.263–0.948) 00.04
Year of H. pylori therapy 2003–2010 vs. 2011–2017 29/110 (26.4%) 27/114 (23.7%) 1.154 (0.630–2.113) 0.6
CD4 T-cell count ≥ 500 vs. < 500 cells/lL 38/123 (30.9%) 18/101 (17.8%) 2.061 (1.090–3.898) 00.03
CDC stage at H. pylori treatment 1 vs. 2 or 3 43/155 (27.7%) 13/69 (18.8%) 1.654 (0.823–3.325) 00.1

(b) Multivariable analysis by binary logistic regression (N = 198) Category as group* 0 vs. 1 Adjusted OR (95% CI) Sign. LR

Alcohol Abstainer vs. drinker 0.387 (0.19–0.837) 0.008
HAART treatment No HAART vs HAART 0.219 (0.082–0.580) 0.002
Non-HAART co-medication 0–1 vs. ≥ 2 non-HAART co-medications 0.469 (0.218–1.005) 0.05
CD4 T-cell count ≥ 500 vs. < 500 cells/lL 1.683 (0.810–3.498) 0.1
CDC at treatment 1 vs. 2 or 3 2.112 (0.937–4.761) 0.07
Strategy of H. pylori treatment Optimal vs. other 0.140 (0.044–0.446) 0.001

CI, confidence interval; HAART, highly active antiretroviral therapy; n, no. meeting the characteristic; N, total no. of observations; OR, odds ratio; sign.
LR, significant logistic regression.
*Group 0: age < 50, male, Sub-Saharan, abstainer, no antibiotic resistance, no HAAART, non-HAART co-medication 0–1 drugs, period 2003–2010, CD4
≥ 500 cells/lL, and CDC stage 1 at H. pylori treatment. Group 1 is the opposite of group 0 categories.
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appeared to be associated with greater S3T H. pylori

eradication failure.

The impact of viral load on H. pylori relapse rate var-

ied by exposure or not to HAART and H. pylori treat-

ment strategy. Also, time of exposure to HAART did not

play a role in H. pylori eradication failure (data not

shown).

Discussion

Our objective was to evaluate the real-life effectiveness

of H. pylori infection treatment among HIV-positive indi-

viduals. We chose to compare HIV-positive patients

(cases) and HIV-negative obese individuals (controls)

because of sampling convenience. Both groups represent

highly motivated subjects: cases are well informed and

are made aware of the connection between compliance to

antiretroviral therapy and favourable outcome in terms of

viral replication and immune function, while controls

who are candidates for bariatric surgery are highly moti-

vated to comply with tests and treatments, particularly

identification and eradication of H. pylori infection,

which is one of the major criteria for surgery qualifica-

tion. S3T was the most frequently prescribed regimen

against H. pylori in both groups, although regimens

against H. pylori were more diverse among cases. This

diversity may simply reflect calendar recruitment periods

and guideline changes [1,3].

Our main finding is that HIV status appears to be a

powerful independent factor that impacts H. pylori treat-

ment outcome, with a significantly greater rate of H. py-

lori treatment failure (24.1% vs. 8.8%), which is

unacceptably high [10]. We have not identified any other

studies in HIV-positive individuals that allow a compar-

ison with our findings, suggesting that H. pylori infection

treatment in HIV patients has raised little attention so far.

This low effectiveness of H. pylori eradication in individ-

uals co-infected with H. pylori and HIV is similar to that

found in regions with a high prevalence of H. pylori pri-

mary antibiotic resistance [10].

Three independent risk factors for H. pylori S3T eradi-

cation failure were identified in our cases: antimicrobial

susceptibility, HAART exposure and alcohol intake.

Antimicrobial susceptibility testing should be used to

tailor H. pylori infection treatment in any H. pylori/HIV

co-infected individual as these patients have a greater

proportion of single and multiple antibiotic resistances

[21]. The reason for more H. pylori antibiotic resistance

may involve frequent antibiotic consumption [21] and

other mecanism. Helicobacter pylori primary antibiotic

resistance in HIV patients has been poorly documented

[21] and H. pylori/HIV co-infected individuals have often

been treated on the basis of recommendations for the

general population, namely empirical treatment [3]. In

our experience, empirical therapy was associated with a

2.85-fold greater H. pylori eradication failure. On the

other hand, treating H. pylori infection among H. pylori/

HIV co-infected individuals using the optimal strategy

(based on AST, rule out drug interactions, with support

material and phone calls on treatment, and a physician

focused into H. pylori infection – acronym ‘AISR’) is pro-

tective, with only a 0.14 vs 2.85 H. pylori eradication

failure. Another advantage of tailoring H. pylori treat-

ment to AST is that it allows elective prescription of BQT

for H. pylori strains with multiple antibiotic resistances,

as we observed [1,3]. This strategy may avoid therapeutic

escalation, which can increase the risk of antibiotic resis-

tance and gut microbiota alteration.

Being on HAART was also an independent risk factor

for failure to eradicate H. pylori. Head-to-head compar-

isons of H. pylori/HIV co-infected individuals, with or

without HAART at the time of H. pylori treatment

(Appendix S4), showed that those not receiving HAART

had good outcomes, similar to controls. This observation

should be interpreted cautiously; however,. ‘old’ HAART

regimens administered as several pills with poor tolerabil-

ity could impact patient compliance, impairing compli-

ance with H. pylori treatment [24]. Drug–drug
interactions may also play a role, as H. pylori eradication

failure tended to be more common among individuals

treated with PI-containing regimens [25–27]. Recent

HAART regimens are more simplified and fewer of them

contain PIs. Issues related to HAART can be somewhat

overcome as described in the optimal or AISR strategy:

switching of HAART regimen in the case of drug interac-

tions, allowing the use of potent and optimal doses of

PPIs (such as esomeprazole 40 mg) that maintain gastric

alkalinization for a longer period, enhancing the syner-

gistic effect between S3T components and potentiating

H. pylori eradication [3,8].

Alcohol intake is another factor that affects the out-

come of H. pylori S3T. As a CYP3A4/5 or 2 C19 inducer

and gastric emptying inhibitor, alcohol may reduce the

efficacy of PPIs and antibiotics [9,28,29], while inducing

disulfiram-like effects with H. pylori treatments contain-

ing MTZ, leading to altered compliance [30].

Despite ethnic differences in prevalence and drug

metabolism, H. pylori eradication failure rates were simi-

lar in cases and controls among those of various ethnic

origins [8,9,31].

Our study has limitations and strengths. It was a longi-

tudinal observational survey based on a real-life clinical
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registry. This approach is, by definition, limited to

describing the strength of the associations between H. py-

lori outcomes and independent variables, without allow-

ing for firm conclusions with regard to causal

associations, which would require a randomized clinical

study [8]. The use of an unmatched population and the

inclusion of participants from different periods were also

limitations. Potential confounding factors, such as

CYP2C19 polymorphisms, were not studied in our routine

practice. Direct measure of H. pylori inoculums from gas-

tric samples by PCR (which is not routinely in use) rather

than indirect measures by subculture (routine practice)

from positive gastric biopsy cultures could provide, in

addition to susceptibility, accurate quantification data as

well as strain subtypes and could be used to tailor treat-

ment duration according to certain threshold of inocula

[31]. As for the strengths of this study, this is the first

large case–control study involving consecutive HIV-posi-

tive individuals treated for H. pylori infection in different

scenarios. It provides new and original data as most

available data on H. pylori infection treatment are

derived from the general population [3]. Similar evalua-

tion methods were applied to all patients and these

patients probably reflect those found elsewhere in similar

conditions. Our results also identify specificities with

regard to treating H. pylori infection in HIV-positive

individuals, such as antimicrobial resistance, co-medica-

tions and drug interactions, and suggest how to improve

the rate of successful eradication of H. pylori infection in

that population.

In conclusion, our study highlights the fact that indi-

viduals co-infected with H. pylori and HIV have a high

risk of first-line H. pylori eradication failure, which may

be related to different factors such as antibiotic resis-

tance, HAART exposure, drug interactions and lifestyle.

Treatment of H. pylori infection in H. pylori/HIV co-in-

fected individuals should be individualized as shown in

the optimal strategy (AISR), which provided excellent

outcomes.

In the future, direct bacterial quantification from gas-

tric samples and CYP and IL-1B genotyping could be

added to the treatment strategy in patients at risk of fail-

ure [8]. The treatment of H. pylori infection in HIV-posi-

tive individuals requires further studies and consideration

at future consensus conferences on H. pylori infection.
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