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SUMMARY

We evaluated the association between typhoid fever and Helicobacter pylori infection, as the

latter microorganism may influence gastric acid secretion and consequently increase susceptibility

to Salmonella typhi infection. Anti-H. pylori IgG and IgA antibody titres (ELISA) and gastrin

concentration (RIA) were determined in the plasma of 87 blood culture-confirmed typhoid fever

cases (collected after clinical recovery) and 232 random healthy controls without a history of

typhoid fever, in the Jatinegara district, Jakarta. Patients with typhoid fever more often than

controls were seropositive for H. pylori IgG (67% vs. 50%, P<0.008), when antibody titres were

dichotomized around median titres observed in controls. H. pylori IgA seropositivity was not

associated with typhoid fever. Plasma gastrin concentrations indicative of hypochlorhydria

(i.e. gastrin o25 or o100 ng/l) were not significantly elevated in typhoid fever cases compared

to controls (P=0.54 and P=0.27 respectively). In a multivariate analysis, typhoid fever was

independently associated with young age (<33 years, median age of the controls) [odds ratio

(OR) 7.93, 95% confidence interval (CI) 3.90–16.10], and H. pylori IgG seropositivity (OR 1.93,

95% CI 1.10–3.40). Typhoid fever was independently associated with H. pylori IgG

seropositivity, but not with elevated gastrin concentration. Therefore, the association suggests a

common risk of environmental exposure to both bacteria, e.g. poor hygiene, rather than a causal

relationship via reduced gastric acid production.

INTRODUCTION

Typhoid fever is a serious systemic illness that each

year affects over 20 million people, predominantly in

developing countries [1]. Infection with Salmonella

typhi is transmitted by the faecal–oral route and in

several epidemiological studies risk factors were

identified that suggested either waterborne trans-

mission [2–6] or foodborne transmission [2, 7–9]. The

determination of the relative contribution of distinct

environmental risk factors for transmission of disease

is essential to focus local control strategies. Also host-

related risk factors for infection have been examined,

identifying both genetic factors [10, 11] as well as
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concurrent Helicobacter pylori infection, that was

interpreted as a cause of a reduced gastric acid

barrier[8].

A high incidence of salmonellosis has been

observed in individuals with surgically induced or

other types of achlorhydria (pernicious anaemia and

chronic atrophic gastritis) [12–14]. Also H. pylori

infection may exert an effect on the secretion of

gastric acid. Approximately 50% of the world’s

population is infected with H. pylori [15], and even

higher prevalences have been reported in developing

countries [16], where acquisition occurs at a younger

age than in the developed world [17, 18]. Active in-

fection with H. pylori is associated with a transient

hypochlorhydria that may be present for several

months [19]. Furthermore, H. pylori-induced chronic

gastritis of the body of the stomach reduces acid

secretion and persistent hypochlorhydria constitutes

a risk for the development of gastric cancer [20, 21].

In the absence of the acid-mediated inhibition of

gastric gastrin release, the serum gastrin concen-

tration increases. In contrast, antral-predominant,

body-sparing gastritis due to H. pylori increases

gastric acid secretion, resulting in duodenal ulcer

disease [21–23]. The localization of gastritis depends

on the pre-morbid acid secretory status of a subject,

dietary, genetic and bacterial factors [22, 24], and the

age of acquisition of H. pylori infection [18].

Consequently, the association between H. pylori

infection as an indicator of hypochlorhydria and

the susceptibility to other gastrointestinal infections

is ambiguous. An increased susceptibility to enteric

infections in H. pylori-infected individuals, as

measured by anti-H. pylori IgG response, was docu-

mented for cholera [25, 26] and typhoid fever [8].

However, the evidence for the association ofH. pylori

infection and diarrhoea is conflicting [27–32] and

even a protective effect of H. pylori infection was

demonstrated [33, 34].

To examine the association of H. pylori infection

and typhoid fever, we determined the anti-H. pylori

antibody titres and plasma gastrin in patients who

had just recovered from typhoid fever and healthy

controls in a case-control study in Jakarta, Indonesia.

MATERIAL AND METHODS

Study design

From June 2001 to October 2003 we identified

patients with typhoid fever (S. typhi infections) in a

passive community-based surveillance study among

individuals with three or more days of fever in the

Jatinegara district, Jakarta, Indonesia, as previously

described [35]. In addition, six patients with typhoid

fever were enrolled in theMedistra Hospital in Central

Jakarta. Patients were interviewed using a standard-

ized questionnaire and blood samples were collected

during a household visit, conducted within 1 month

after making the diagnosis by blood culture, at a time

when the patient had recovered from typhoid fever.

During the study period healthy controls were

randomly selected in a random household in every

third rukun tetangga (RT) of a total of 1140 RTs in

Jatinegara; RT being the smallest administrative

unit comprising of 40–60 households. Controls were

enrolled in a ratio of cases to controls of 1:4 to maxi-

mize statistical power of the analysis. The selection of

controls was non-matched for age or sex to prevent

over-matching. When a control reported any type of

fever in the 30 days preceding the interview or refused

participation, the house on alternating sides of the

initially selected household was approached. From

378 healthy controls 291 (77%) allowed collection of

a blood sample. Fifty-nine (20%) of these 291 controls

were excluded from the analysis because they reported

a history of typhoid fever (defined as an episode of

three or more days of fever, requiring antibiotics

prescribed by a physician who had made a diagnosis

of typhoid fever). If cases or controls were <13 years

of age, the mother or guardian was interviewed.

This study was approved by the Indonesian

National Institute of Health Research and Develop-

ment (Litbangkes) and the provincial authorities.

From all participants a written informed consent

was obtained at the household visit or during

hospitalization.

Laboratory diagnosis of typhoid fever

The diagnosis of typhoid fever required confirmation

by blood culture. To this end, blood was collected

from febrile patients (dependent on the age, 5–10 ml),

inoculated in aerobic bottles (Bactec, Becton

Dickinson, Franklin Lakes, NJ, USA) and incubated.

The identification of cultured microorganisms was

done by biochemical tests and agglutination, as pre-

viously described [35].

Samples in patients and controls

In the household visits blood samples were collected

from non-fasting cases and controls in EDTA tubes.
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Following centrifugation, plasma was separated and

frozen at x70 xC.

Measurement of anti-H. pylori IgA and IgG

antibodies by ELISA

The ELISA technique for determination of IgG

and IgA antibodies against H. pylori as well as infor-

mation on the intra- and inter-assay variability of the

results obtained by this ELISA have been described

in detail elsewhere [36, 37]. The antigen is a mixture

of sonicates of six different H. pylori strains; these

had been obtained by sonicating whole bacteria for

6 min on a Branson sonifier (Danbury, CT, USA)

(stage 4; 30 000 cycles/s), and adjusting the suspension

to a protein concentration of 3 mg/ml. Optimum con-

centrations of reagents were determined by checker

board titration as previously described [36]. ELISA

results are expressed as the absorbance index (AI):

AI=
[patient’s ODxOD of blank reading]

[reference ODxOD of blank reading]
;

where OD is the optical density. Samples were

assayed in blinded fashion in one run.

Measurements of gastrin concentrations

Plasma gastrin concentration was measured using a

previously validated radioimmune assay (RIA) as

previously described [38]. Samples were assayed in

blinded fashion in one run.

Statistical methods

Data from the questionnaires were entered twice

using Epi-Info 6.04b software (CDC, Atlanta, GA,

USA), validated and imported in SPSS version 11.5

(SPSS Inc., Chicago, IL, USA) for further analysis.

Unpaired t tests for normally distributed variables or

Mann–Whitney U tests for not-normally distributed

variables were used to test numerical variables.

Correlation between numerical variables was tested

by linear regression and the Pearson correlation

coefficient (R) was provided. For the comparison of

proportions the x2 test or Fisher’s exact test was used.

To correct for age strata the Mantel–Haenszel

statistic was applied. Measures of association were

expressed as odds ratios with their respective con-

fidence limits [OR (95% CI)] when categorical

exposures were evaluated. To control for confound-

ing a multivariate analysis was performed by the use

of logistic regression.

RESULTS

Demographic characteristics

Plasma samples were available for 87 typhoid fever

cases, and were collected at home following clinical

recovery of the patient 22 days [median, IQR 20–27]

after the confirmatory blood culture. Thirteen

patients had been hospitalized and 74 patients were

included in local health outpatient facilities. During

the same period blood samples were obtained from

232 healthy controls. The median age of all subjects

was 27 years (IQR 17–45). Patients with typhoid fever

had a median age of 20 years (IQR 13–27), and were

significantly younger than the controls [median age

33 years (IQR 19–50); P<0.001 by Mann Whitney

U test]. The sex ratio did not differ between the

typhoid fever group and controls, i.e. 53% and 59%

were females respectively (P=0.29, x2).

Concentration of IgG and IgA antibodies against

H. pylori

Taking all subjects together, the median titre of anti-

H. pylori IgG amounted to AI=0.126 (IQR 0.084–

0.186) and for IgA to AI=0.094 (IQR 0.057–0.170).

In a linear regression model IgG and IgA were sig-

nificantly correlated, although not strongly consider-

ing the correlation coefficient (P<0.001, R=0.23).

In individuals who had suffered from typhoid fever

in the preceding month the anti-H. pylori IgG titres

[median 0.146 (IQR 0.092–0.190)] were higher than

those in controls [median 0.119 (IQR 0.082–0.185)],

but the difference did not reach a level of significance

(P=0.24, by Mann–Whitney U test). Also the IgA

titres did not differ significantly (P>0.50) between

typhoid fever cases [median 0.098 (IQR 0.060–0.156)]

and controls [median 0.092 (IQR 0.054–0.178)].

In typhoid fever patients and controls alike, IgG

and IgA againstH. pylori increased with age (Table 1),

and in a linear regression model IgG titres and age

were significantly correlated (P=0.005, R=0.16) as

were IgA AI and age (P<0.001, R=0.30). In all age

cohorts higher rates of IgG seropositivity were

observed in the group of individuals with typhoid

fever, and in the age cohort of 15–29 years this

difference reached a level of significance (P=0.02).

Next, the median AI of IgG and IgA in the healthy

controls were used to dichotomize the data to obtain

a cut-off level of H. pylori seropositivity (IgGo0.119

and IgAo0.092 respectively) comparable to the

study procedures of Bhan et al. [8]. The percentage
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of individuals with typhoid fever who had an IgG

titre above this level (n=58; 67%) was significantly

higher (P=0.008) than that in the controls (n=116;

50%) (Table 1). No significant difference of IgA sero-

positivity between individuals with typhoid fever

and controls was observed; i.e. 46 (53%) vs. 116

(50%) respectively (P=0.65). In a stratified analysis

for all individuals correcting for age group by use

of the Mantel–Haenszel statistic, IgG seropositivity

remained significantly associated with typhoid fever

(P=0.007), whereas IgA seropositivity reached

borderline significance (P=0.05).

Gastrin concentration

Taking all subjects together, plasma gastrin concen-

tration (ng/l) ranged from 6 to 1253 ng/l, with a

median concentration of 54 ng/l (IQR 36–85). On

average, gastrin concentrations did not change with

age (P>0.50, R=0.004). The gastrin concentration

in individuals with typhoid fever [median 53 ng/l

(IQR 37–85)] did not differ significantly from that

in controls [median 54 ng/l (IQR 36–85)] (P=0.74,

Mann–Whitney U test).

Gastrin concentrations of o25 ng/l and o100 ng/l

have been evaluated as markers of hypochlorhydria

as a condition of chronic atrophic gastritis [39].

In the analysis of the total group, i.e. both cases and

controls, anti-H. pylori antibody indices were higher

in the group of individuals with gastrin o25 ng/l

than in those with a lower plasma gastrin, reaching

significance for IgA AI (P=0.02, Mann–Whitney

U test) and borderline significance for IgG AI

(P=0.06). The IgG and IgA AI of individuals with

gastrin <100 ng/l did not differ significantly from

those with gastrin o100 ng/l (P=0.44 and P>0.50

respectively). Accordingly, IgG seropositivity (AI

o0.119) was significantly more often encountered

in individuals with gastrin o25 ng/l (P=0.03), but

not so in the group with gastrin o100 ng/l (P=0.29)

(Table 2).

However, the proportions of typhoid fever cases

and controls that had gastrin o25 ng/l did not differ

significantly (P=0.54) (Table 3). Similarly, in the

group of typhoid fever patients, 18 (21%) individuals

had a gastrin concentration o100 ng/l, compared to

36 (16%) in the control group (P=0.27).

Univariate and multivariate analysis

H. pylori IgG and IgA seropositivity and plasma

gastrin concentrations in cases and controls were

evaluated by univariate analysis (Table 3). Signifi-

cantly associated with typhoid fever were: young

Table 1. H. pylori serology of typhoid fever cases and controls

Age
(years)

H. pylori serology

n IgG (AI)* IgG o0.119 (AI)#

Cases Controls Cases Controls Cases Controls P$

0–14 28 23 0.132 (0.068–0.179) 0.114 (0.069–0.155) 17 (61%) 10 (43%) 0.22

15–29 43 82 0.151 (0.097–0.190) 0.118 (0.084–0.162) 30 (70%) 39 (48%) 0.02
30–44 12 48 0.143 (0.098–0.192) 0.128 (0.093–0.206) 8 (67%) 26 (54%) 0.43
o45 4 79 0.236 (0.090–0.261) 0.128 (0.080–0.230) 3 (75%) 41 (52%) 0.62

Total 87 232 0.146 (0.092–0.190) 0.119 (0.082–0.185) 58 (67%) 116 (50%) 0.008

IgA (AI)* IgAo0.092 (AI)#

Cases Controls Cases Controls P$

0–14 28 23 0.073 (0.046–0.118) 0.038 (0.016–0.102) 12 (43%) 6 (26%) 0.21

15–29 43 82 0.100 (0.060–0.164) 0.069 (0.042–0.126) 25 (58%) 29 (35%) 0.02
30–44 12 48 0.105 (0.072–0.231) 0.119 (0.073–0.221) 7 (58%) 30 (63%) 0.79
o45 4 79 0.105 (0.074–0.226) 0.134 (0.078–0.296) 2 (50%) 51 (65%) 0.62

Total 87 232 0.098 (0.060–0.156) 0.092 (0.054–0.178) 46 (53%) 116 (50%) 0.65

* Median absorbance index (25–75% range).

# Median antibody AI in total number of healthy controls.
$ x2 test (Fisher’s exact test if cells contained less than five subjects).
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age (dichotomized at 33 years, the median age of

the controls) ; (OR 7.03, 95% CI 3.55–13.91), and

H. pylori IgG seropositivity (OR 2.00, 95% CI

1.20–3.35). Neither H. pylori IgA seropositivity nor

elevated plasma gastrin concentrations were signifi-

cantly associated with typhoid fever.

In a multivariate analysis using multiple logistic

regression the occurrence of typhoid fever was inde-

pendently associated withH. pylori IgG seropositivity

(OR 1.93, 95% CI 1.10–3.40), and young age

(<33 years) (OR 7.93, 95% CI 3.90–16.10).

DISCUSSION

The main finding of this case-control study in

Jakarta is that the prevalence of H. pylori IgG sero-

positivity was higher in individuals who had recently

recovered from blood culture-confirmed typhoid

fever than in healthy controls without a history of

typhoid fever. However, we did not find an associ-

ation between typhoid fever and an elevated plasma

gastrin concentration indicative of hypochlorhydria

or achlorhydria. Furthermore, typhoid fever was

independently associated with young age, which

suggests that either exposure to S. typhi or the pro-

portion of those exposed that develop symptomatic

infection (e.g. due to absence of a previously acquired

immune response) is greater among young people.

A reduced secretion of bactericidal gastric acid

due to acute or chronic H. pylori infection [22] may

increase susceptibility to infection with enteric

pathogens. This hypothesis was supported by case-

control studies that examined anti-H. pylori IgG

antibody concentrations in patients with typhoid

fever and cholera, and observed a higher prevalence

of H. pylori seropositivity among the cases than

controls [8, 25, 26]. To this end, seropositivity was

defined as an antibody concentration above the

median antibody level of the controls [8], a method

we applied in order to compare our results and also

to confirm the demonstrated association of typhoid

fever and H. pylori infection.

Table 2. H. pylori IgG seropositivity and gastrin concentrations in all

subjects

Anti-H. pylori
IgG (AI)

Gastrin concentration (ng/l)

<25 o25 <100 o100

<0.119 20 (65%) 125 (43%) 124 (47%) 21 (39%)
o0.119 11 (35%) 163 (57%)* 141 (53%) 33 (61%)#

AI, Absorbance index.

* P=0.03 (x2 test).
# P=0.29 (x2 test).

Table 3. Univariate analysis: associations with typhoid fever

Risk factor Cases (n=87) Controls (n=232) OR (95% CI) P

Age*
<33 years 76 (87%) 115 (50%) 7.03 (3.55–13.91) <0.001

Sex
Male 41 (47%) 94 (41%) 1.31 (0.80–2.15) 0.29

Anti-H. pylori antibodies

IgG positive (AIo0.119)# 58 (67%) 116 (50%) 2.00 (1.20–3.35) 0.008
IgA positive (AIo0.092) 46 (53%) 116 (50%) 1.12 (0.69–1.84) 0.65

Plasma gastrin
o25 ng/l 80 (92%) 208 (90%) 1.32 (0.55–3.18) 0.54
o100 ng/l 18 (21%) 36 (16%) 1.42 (0.76–2.66) 0.27

OR, Odds ratio, CI, confidence interval ; AI, absorbance index.
* Independently associated in multivariate analysis (OR 7.93, 95% CI 3.90–16.10).
# Independently associated in multivariate analysis (OR 1.93, 95% CI 1.10–3.40).
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Although the anti-H. pylori IgG response reliably

indicates prior infection with H. pylori, H. pylori

colonization in the majority of adult typhoid fever

cases and controls most likely occurred at a much

younger age, i.e. in early childhood [17], than the

acquisition of typhoid fever in our study. Moreover,

the infection itself may exert different effects on

the gastric acid secretion and is, therefore, not one-

dimensionally associated with hypochlorhydria as a

predisposing condition for enteric infections [21].

In addition, the evidence for a correlation between

anti-H. pylori IgG-antibody levels and the severity of

gastritis or H. pylori density remains conflicting

[40–43], thereby diminishing the likelihood of a more

severe gastritis in typhoid fever cases compared to

controls. Further, anti-H. pylori antibodies may be

a sensitive marker of chronic atrophic gastritis as a

cause of hypochlorhydria, although not being a very

specific marker [39], which can explain the higher

antibody titres and more frequent anti-H. pylori IgG

seropositivity in the individuals with gastrin levels

of o25 ng/l in our study. However, we did not find

evidence for a higher prevalence of chronic atrophic

gastritis, as determined by elevated concentrations

of plasma gastrin, among cases of typhoid fever

compared with healthy controls.

A more likely explanation of the association of

increased anti-H. pylori IgG antibodies and typhoid

fever might be a higher susceptibility to colonization

by and re-exposure to H. pylori as a consequence

of low hygienic standards and shared risk factors

for both infections, than a supposedly decreased

gastric acid secretion in typhoid fever cases. Since

re-infection with H. pylori after eradication is

common in developing countries [44] signifying con-

tinuous exposure, the association of typhoid fever

and H. pylori IgG seropositivity may be confounded

by poor hygiene.

Some issues related to the outcome of our study

need consideration. We did not find an association

between H. pylori IgA seropositivity and typhoid

fever, probably due to the fact that the anti-H. pylori

IgA serological response is a less sensitive marker for

H. pylori infection than anti-H. pylori IgG [45–47].

We assume that H. pylori infection as determined by

the anti-H. pylori antibody response preceded typhoid

fever infection, because it takes 1–3 months after

H. pylori infection to develop anti-H. pylori IgG

antibodies and typhoid fever cases were visited within

1 month after blood-culture confirmation of S. typhi

infection [48]. Moreover, in some cases the antibiotic

treatment of typhoid fever might have interfered with

the quantitative anti-H. pylori IgA antibody response,

because in H. pylori eradication studies IgA titres

decreased faster than IgG 6 weeks after antibiotic

treatment, but even then IgA (and IgG) titres will

remain elevated during 6–12 months after eradication

[37, 44, 47, 49]. Furthermore, samples for deter-

mination of plasma gastrin were obtained from

non-fasting subjects, but the gastrin concentrations

in our study showed little elevation compared to

concentrations in a population sample in Mexico,

where samples were taking in a fasting state and

median serum gastrin amounted to 35 ng/l (IQR

26–52) [39]. Finally, we assume that the association

of H. pylori infection as defined by anti-H. pylori

IgG response and typhoid fever may be the result

of shared risk factors for exposure to both bacteria.

Infection with H. pylori occurs in early childhood

within families [17, 20]. Several risk factors for

H. pylori infection have been identified without

determination of the exact source of infection, but

most are associated with poor hygiene and sanitation

within households, and could coincide with the intra-

household risk factors for typhoid fever in Jakarta

[17, 35]. The improvement of hygiene within house-

holds might, therefore, reduce the risk of exposure

to both bacteria. Continuous exposure may also

explain the correlation of age and the anti-H. pylori

antibody AI in our study, similar to findings of Chen

et al. [40].

In conclusion, our findings demonstrated that

typhoid fever was associated with H. pylori IgG sero-

positivity, whereas the gastrin concentrations were

not significantly higher in typhoid fever cases com-

pared with healthy controls. The findings do not

support the hypothesis that the association points to

H. pylori-induced hypochlorhydria as a risk factor

for typhoid fever, but suggest that the epidemiological

association is probably confounded by shared risk

factors for infection with both bacteria.
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