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Abstract
Objective—The purpose of this study was to evaluate the primary resistance rates of recent
clinical Helicobacter pylori isolates to the most commonly used antibiotics in Iran.

Materials and Methods—210 patients presenting with gastric maladies between January and
July of 2009 were enrolled in this study. Endoscopy was performed, and biopsy specimens were
collected from each patient for subsequent bacterial culture of H. pylori. Single colony isolates
from each patient were then used for antimicrobial susceptibility testing. The disk diffusion
method was used to determine susceptibility patterns.

Results—197 of the patients were H. pylori positive (93.8%). The rates of resistance to
tetracycline, amoxicillin, ciprofloxacin, metronidazole, clarithromycin, and furizoladone were
37.1%, 23.9%, 34.5%, 65.5%, 45.2%, and 61.4%, respectively. A significant association between
amoxicillin resistance and disease state (P <0.05) was identified. Furthermore, some double, triple,
quadruple, and quintuple combinations of antibiotic resistance were found to be associated with
disease state.

Conclusions—This study evaluated the prevalence of H. pylori resistance to the most
commonly prescribed antibiotics used in Iran and showed that resistance rates were generally
higher than previously reported. This data adds to the growing body of evidence that suggests
there is increasing antibiotic resistance among H. pylori isolates, which likely is responsible for
the decreasing efficacy of anti-H. pylori therapy at the local and global level. Hence, there is a
need for continued monitoring of resistance patterns, especially at the local level, and for
incorporation of that information into treatment regimens for H. pylori infections.
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Introduction
Helicobacter pylori is a Gram negative, microaerophilic, spiral shaped bacterium that infects
the gastric mucosa of over 50% of the population worldwide; infection rates can be as high
as 90% in developing countries (Dunn, et al., 1997). Infection with H. pylori usually occurs
during childhood, and an infected individual typically remains infected throughout their life
unless a specific anti-H. pylori therapy is administered (Blaser, 1990). While infections with
H. pylori are mainly asymptomatic, diseases in symptomatic individuals range from milder
forms (gastritis) to more severe states (peptic ulcer disease) to the most severe states (gastric
cancer in the form of gastric adenocarcinoma or mucosa-associated lymphoid tissue
lymphoma) (Blaser, 1990). Indeed, numerous findings support the fact that H. pylori
eradication from the stomach results in significant regression of these associated
gastroduodenal disorders (Leodolter, et al., 2001).

Currently, triple therapy, consisting of a proton pump inhibitor with clarithromycin and
either metronidazole or amoxicillin administered for one to two weeks, is recommended for
use in treating H. pylori (Malfertheiner, et al., 2007). However, treatment of H. pylori is
complicated by the increasing rates of antibiotic resistance being reported worldwide
(Megraud, 2004) and is likely responsible, at least in part, to the overall decreasing treatment
efficacy (O’Connor, et al., 2010). Compounding this problem is the high variability of
antibiotic resistance rates from one region of the world to the next; stark differences are
often observed between developed and developing countries. For example, over a ten year
period in China, the prevalence of amoxicillin resistance decreased from 2.1% in 2000 to
0.3% in 2009, while clarithromycin and metronidazole resistance both increased from 12.8
to 23.8% and 12.8 to 56.6%, respectively, over the same ten year period (Gao, et al., 2010).
Similarly to what was seen in China, in Japan resistance rates to clarithromycin increased to
approximately 30% from 1996 to 2004, and the rate has remained fairly constant to the
present day (Horiki, et al., 2009). In the Unites States, clarithromycin resistance rates are
low, ranging from 10–15%, while metronidazole resistance rates range from 20–40% and
resistance to amoxicillin is rare (Osato, et al., 2001). A recent report in Spain showed that
the rate of clarithromycin resistance was 35.6% in patient isolates of H. pylori (Agudo, et
al., 2010). In contrast, the rate of resistance to metronidazole in Saudi Arabia in 2008 was
69.5%, which is higher than the rate generally reported for developed countries (Vakil and
Megraud, 2007), while clarithromycin and amoxicillin resistance rates were similar at 21%
and 0%, respectively (Marie, 2008). Given the broad diversity in antibiotic resistance
patterns for H. pylori around the globe, it is highly unlikely that one “best option” treatment
regimen could be successful worldwide. This evidence has prompted some researchers to
suggest that physicians should use the treatments that work best within their local
geographic area (Graham and Fischbach, 2010).

In keeping with this notion and because it would be impractical and costly to test the
antibiotic susceptibility patterns for each individual seeking anti-H. pylori treatment, it is
important for clinicians to know the local resistance rates of H. pylori. In this way, the
likelihood of treatment eradication success can be improved through the use of antibiotics
that are known to be most effective in the region. In order to approach H. pylori treatment in
this manner, the local resistance rates must be known. In many countries, like those
discussed above, H. pylori susceptibility surveillance is commonly performed and reported,
while in other countries, like Iran, information regarding antibiotic resistance rates is
relatively scarce (Saberi-Firoozi, 2006). This is despite the fact that in Iran most of the
patients that are admitted for gastric disorders are H. pylori positive (Mohammadi, et al.,
2005, Saberi-Firoozi, 2006). Given the chronic nature of infection with this bacterium, the
problems with eradication of the organism as a result of antibiotic resistance (Siavoshi, et
al., 2006), and the relatively small amount of information concerning resistance rates in the

Abadi et al. Page 2

J Microbiol. Author manuscript; available in PMC 2012 February 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



country (Saberi-Firoozi, 2006), we sought to define the most effective antibiotic regimen for
H. pylori eradication in Iran by determining the antibiotic susceptibility patterns of H. pylori
to the six antibiotics most commonly utilized by Iranian clinicians.

Materials and Methods
Patients

A total of 210 patients suffering from gastritis, gastric ulcer, duodenal ulcer, or gastric
cancer, who were admitted to Tooba Medical Center and Imam Khomeini hospital (Sari,
Iran) for routine endoscopy between January and July of 2009, were evaluated in this study.
A detailed questionnaire was completed by all patients, and informed consent was obtained
from patients prior to endoscopy. Demographic data which included gender, age,
socioeconomic status, consumption of bottled mineral water, and whether the individual was
breast fed as a child, were collected for all participating patients that were H. pylori positive.
Patients who reported the use of antibiotics within three months prior to entering the study
were excluded from the analysis. All 210 antral biopsies were sent for bacterial culture; 197
were H. pylori positive and thus eligible for further study. Among the 197 H. pylori positive
samples, 76 were from gastritis patients, 54 were from duodenal ulcer patients, 32 were from
gastric ulcer patients, and 35 were from gastric cancer patients. Endoscopic findings and
pathology data were used as criteria for the clinical diagnosis of these conditions (Block,
2004, Dixon, et al., 1996). This study was approved by the ethical committee of Tarbiat
Modares University, Iran.

Bacterial Culture
Antral biopsy specimens were transported on ice in sterile thioglycolate broth (Merck,
Germany) and then quickly shipped to the diagnostic laboratory in a cold flask within three
hours post endoscopy. The resulting tissue was homogenized to ensure distribution of the
bacteria within each biopsy specimen, and 200μL of the homogenate was then spread on
Columbia agar plates (Merck, Germany) supplemented with 5% defibrinated sheep blood
(Jihad daneshgahi, Tehran, Iran), 8% fetal calf serum (Gibco, USA), and one CAMP
Selectatab [Skirrow] (Mast Group Ltd., UK) per 250mL agar media. Bacterial plates were
incubated at 37°C under microaerophilic conditions in a CO2 incubator (Binder, USA) with
high humidity for up to ten days. Bacteriological identification was completed based on
classic positive biochemical tests for catalase, oxidase, and urease, as well as Gram staining
and visual examination for typical colony morphology. To prevent any complications due to
mixed susceptibility patterns from different isolates from a single patient, a single colony
from each patient was used for antibiotic susceptibility testing. All resulting strains were
stored at −20°C until needed for further investigation.

Antibiotic Susceptibility Testing
The disk diffusion method was utilized in the determination of the resistance status of each
H. pylori isolate (Megraud and Lehours, 2007, Mohammadi, et al., 2005). Each H. pylori
strain was grown on solid media, and suspensions were made in normal saline to an
equivalent of 2 McFarland units. 50μL of each suspension was then spread on Muller-
Hinton agar (Merck, Germany) plates supplemented with 5% defibrinated sheep blood
(Bahar-Azma, Tehran, Iran) and 8% fetal calf serum (Gibco, USA). Discs impregnated with
5μg metronidazole, 2μg clarithromycin, 2μg amoxicillin, 1μg furazolidone, 10μg
tetracycline, and 1μg ciprofloxacin (Mast Group Ltd., UK) were then placed on the surface
of the agar. The plates were allowed to dry for ten minutes, and plates were incubated for
three to six days under microaerophilic conditions as detailed above for isolation of the
bacteria from biopsy specimens (Megraud and Lehours, 2007). Following incubation, the
diameters of the zones of inhibition around each disc were measured, and the breakpoints for
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resistance were considered as previously described (Boyanova, et al., 2000, Elviss, et al.,
2005, Wolle, et al., 2002). The well characterized H. pylori strain, ATCC43504, was utilized
as a control to ensure the validity of the susceptibility tests in our study.

Statistical Analysis
The Pearson’s Chi Square test was performed on this data set to determine if there was any
association between disease state and antibiotic resistance (either as single antibiotics or
combinations of antibiotics). Additionally, analysis of association between antibiotic
resistance and the demographic factors included in the questionnaire as detailed above was
also performed using Pearson’s Chi Square test. Log Linear modeling and cluster analysis
was also performed on these data to determine if higher order associations existed. The
statistical analysis of these data was conducted using SPSS software version 18 (SPSS Inc.,
Chicago, IL).

Results
Among the 210 patients, suffering from gastritis, gastric ulcers, duodenal ulcers, or gastric
cancer, admitted to the study from January to July 2009, H. pylori was successfully isolated
from 197 individuals; therefore, the prevalence of H. pylori infection was 93.8% within
symptomatic patients in this region of Iran. The age of patients who were H. pylori positive
ranged from 18 to 74 years old with a mean age of 40.7 years. The distribution of men and
women within the H. pylori infected population was similar with 95 women (48.2%) and
102 men (51.8%), which indicates that both genders were equally represented within this
study (Table 1). The distribution of men and women among patients who were of low
socioeconomic status, consumed bottled mineral water, and were breast fed as infants was
also similar (Table 2).

Histopathological analysis and diagnosis of each biopsy specimen revealed that of the 197
H. pylori infected individuals, 76 suffered from gastritis (38.6%), 32 suffered from gastric
ulcers (16.2%), 54 suffered from duodenal ulcers (27.4%), and 35 suffered from gastric
cancer (17.8%). No statistically significant associations were found between the particular
disease state and gender. Likewise, disease state was not associated with any of the other
demographic information obtained from the patients: low socioeconomic status, bottled
mineral water consumption, or having been breast fed as an infant.

Single colony isolates were successfully obtained from each biopsy specimen and were
subsequently used to determine the antibiotic resistance status of the bacteria from each
patient. The rates of resistance to amoxicillin, ciprofloxacin, clarithromycin, furazolidone,
metronidazole, and tetracycline were determined to be 23.9%, 34.5%, 45.2%, 61.4%, 65.5%,
and 37.1%, respectively. No statistically significant associations were found between any of
the individual antibiotics and gender, bottled mineral water consumption, or low
socioeconomic status. However, furizoladone and tetracycline resistance were found to be
associated with whether the patients had been breast fed or not during infancy (P < 0.05).
The trends suggest that patients who were not breast fed were more likely to carry
tetracycline sensitive isolates, while patients who were breast fed were more likely to carry
furizoladone resistant isolates. Resistance to none of the other antibiotics was found to be
associated with this demographic trait. While the rates of resistance to each antibiotic varied
across disease date (Figure 1), only amoxicillin resistance showed a statistical association
with disease state (P < 0.05).

Of the 197 H. pylori positive biopsy isolates, six isolates were sensitive to all six of the
tested antibiotics (3%), 29 were resistant to only one antibiotic (14.7%), 55 were resistant to
two antibiotics (27.9%), 57 were resistant to three antibiotics (28.9%), 35 were resistant to
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four antibiotics (17.8%), 13 were resistant to five antibiotics (6.6%), and 2 were resistant to
all six antibiotics (1.0%) (Figure 2A). While the distribution of the total number of
antibiotics to which the strains were resistant varied across disease state (Figure 2B), there
was no statistical association between these two factors. However, because of the high
number of multidrug resistant H. pylori isolates, we wondered if there were any
combinations of antibiotics that were associated with the identified disease states; therefore,
each possible combination of double, triple, quadruple, quintuple, and sextuple resistance
patterns were analyzed. Of these, a number of combinations were found to show a
statistically significant association (P < 0.05) with disease state (Table 3), but no specific
disease state could be linked to the resistance combinations. While the distribution of
disease states among the strains that were resistant to two or three antibiotics did not vary
much, the majority of isolates resistant to four or five antibiotics showed a distinct trend
towards being isolated from patients suffering from gastric ulcers or gastric cancer. In
addition, because of the commonalities among some of the significant resistance
combinations, Log Linear modeling was performed to determine if any higher order
associations existed between the combinations of antibiotic resistance and disease state. No
higher order interactions were identified. Similarly, cluster analysis was performed on these
data, and no statistically significant clusters were determined.

Discussion
With over 50% of the world’s population infected, H. pylori is a human pathogen of
significance in the medical world. Given the sheer number of infected individuals and the
potential for severe disease outcome in the form of gastric cancer, it is critical that effective
treatments remain available. However, the efficacy of treatment regimes is on the decline in
most areas of the world due to increasing antibiotic resistance among H. pylori isolates. This
fact, coupled with the wide geographical diversity among resistance patterns (Boyanova and
Mitov, 2010), highlights the importance of understanding local antibiotic resistance patterns
when clinicians prescribe anti-H. pylori therapy.

The overall prevalence of H. pylori infection in Iran varies geographically but remains high;
rates range from 42% to 89% (Malekzadeh, et al., 2009). In the present study, 93.8% of the
gastric biopsy specimens yielded H. pylori positive cultures, suggesting that the prevalence
of infection is extremely high in the northern region of Iran. Because of this high rate of
infection, we sought to gain a better understanding of the antibiotic resistance patterns of H.
pylori to the six most commonly used antibiotics in this area: amoxicillin, ciprofloxacin,
clarithromycin, furizoladone, metronidazole, and tetracycline.

Amoxicillin is recommended for anti-H. pylori triple therapy in areas where metronidazole
resistance is high. Worldwide, resistance to amoxicillin is rare (Boyanova and Mitov, 2010),
yet in our study we found that 23.9% of the H. pylori isolates were resistant to this
antibiotic. This rate of resistance is intermediate as compared to other studies conducted in
the Mazandaran region of northern Iran, which reported resistance rates of 6.8% (Talebi
Bezmin Abadi, et al., 2010) and 35% (Talebi Bezmin Adabi, 2009). Recent reports from
southern Iran indicate similar rates of amoxicillin resistance (about 20%) (Farshad, et al.,
2010, Kohanteb, et al., 2007) as compared to central Iran where amoxicillin resistance is
lower (7.3%) (Siavoshi, et al., 2010). Interestingly, in our study amoxicillin resistance
tended to show a higher prevalence among gastric cancer isolates as opposed to gastritis
isolates (Table 1). Overall, it appears that while resistance to amoxicillin varies within Iran,
the rates are still relatively low, suggesting that this drug may continue to be useful.

Ciprofloxacin belongs to the fluoroquinolone group of antibiotics that are generally used as
part of rescue therapy for treating H. pylori infections when first and second line therapies
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have failed (Jones, 2008). Resistance to fluoroquinolones is generally very low (<10%)
worldwide (Boyanova and Mitov, 2010). In our population, 34.5% of the bacterial isolates
were resistant to ciprofloxacin, which is much higher than typically found. This rate is
slightly higher than the 25% rate of ciprofloxacin resistance recently reported for this same
region in northern Iran (Talebi Bezmin Adabi, 2009), but is considerably higher than the
4.7% resistance rate recently reported in southern Iran (Kohanteb, et al., 2007). To the best
of our knowledge, no studies have yet examined the rate of ciprofloxacin resistance in
central Iran. The discrepancy between ciprofloxacin resistance rates between the northern
and southern portions of Iran further stresses the importance of monitoring local resistance
rates, since anti-H. pylori therapy using ciprofloxacin in southern Iran is very likely to be
successful but less likely to be so in northern Iran.

Clarithromycin is utilized in the recommended first line triple therapies against H. pylori. In
this study, 45.2% of all H. pylori isolates were resistant to clarithromycin, which is an
increase over the rates previously reported for this area (25–30%) (Talebi Bezmin Abadi, et
al., 2010, Talebi Bezmin Adabi, 2009), and is drastically higher than the recently reported
rates of resistance in southern and central Iran, which are <10% (Kohanteb, et al., 2007,
Siavoshi, et al., 2010). In fact, this rate of resistance is at the upper end of what is described
worldwide (4.0% to 49.2%) (Boyanova and Mitov, 2010). This increase in clarithromycin
resistance in northern Iran is troubling given how important this antibiotic is in the treatment
of H. pylori infection. However, given that cross-resistance is possible within the macrolide
antibiotic group (Hulten, et al., 1997) and that erythromycin is commonly prescribed in Iran,
especially in children, it may not be surprising that clarithromycin resistance is increasing
among H. pylori isolates in this country. At 45.2% clarithromycin resistance, use of this
antibiotic should be carefully considered as it is not likely to be very effective at least within
the northern areas of Iran.

The rate of furizoladone resistance among H. pylori isolates in this study was determined to
be 61.4%, which is higher than the 24% resistance rate previously reported for this region in
Iran (Talebi Bezmin Adabi, 2009). It is also drastically higher than the rates reported in 2010
for central and southern Iran, 4.5% and 9.4%, respectively (Kohanteb, et al., 2007, Siavoshi,
et al., 2010). This high level of furizoladone resistance presents a striking treatment problem
for clinicians in Iran where furazolidone was shown to be a viable alternative to
metronidazole (Malekzadeh, et al., 2000). Additionally, furizoladone has been shown to be a
suitable replacement for clarithromycin in anti-H. pylori therapies (Fakheri, et al., 2001,
Riahizadeh, et al., 2010). Furthermore, it has the added benefit of being inexpensive and
readily available in developing countries (Segura, et al., 1997). The increased rate of
furizoladone resistance seen in this study suggests that the usefulness of this antibiotic on its
own or as an alternative to metronidazole is decreasing.

Metronidazole is a commonly used antibiotic in the treatment of H. pylori infection and is
part of the classic triple therapy regimen. 65.5% of the H. pylori isolates examined in this
study showed metronidazole resistance, which is similar to two other reports of
approximately 70% (Talebi Bezmin Abadi, et al., 2010, Talebi Bezmin Adabi, 2009).
Compared to recent reports from other regions in Iran, our rate of metronidazole resistance
is similar to what is seen in the south (72.6%) (Kohanteb, et al., 2007), but is higher than
what is seen in the central portion of the country (55.6%) (Siavoshi, et al., 2010). On the
whole, metronidazole resistance rates vary greatly around the world, and developing
countries tend to have higher rates of resistance (Boyanova and Mitov, 2010). While the rate
of metronidazole resistance has remained constant within the northern parts of Iran, the
present rate is high enough to suggest that this antibiotic may no longer be useful for
treatment of H. pylori.
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The rate of tetracycline resistance in this study was determined to be 37.1%, a striking jump
in resistance as compared to the 9% reported previously within this same region in Iran
(Talebi Bezmin Abadi, et al., 2010). In 2010 the rate of tetracycline resistance in southern
Iran was reported as 4.7% (Kohanteb, et al., 2007). However, in central Iran the rate was
38.1% (Siavoshi, et al., 2010). Based on these combined data, it is difficult to determine
whether the rate of tetracycline resistance is rising in Iran or whether there are just large
differences among the regions. Tetracycline resistance among H. pylori isolates is largely
non-existent around the world; when present, it is generally less than 5%. Therefore, it is
surprising that rates over 35% were seen in Iran. The discrepancy in the rates of tetracycline
resistance warrant continued surveillance of H. pylori isolates from all over Iran to
determine the continued usefulness of this antibiotic.

While there is limited data on the patterns of antibiotic resistance in H. pylori isolates from
infected individuals in Iran, there is even less data available on the rates of multidrug
resistant isolates. Of the reports containing this type of information, there are only a handful
of isolates that have been reported from southern Iran (Farshad, et al., 2010, Kohanteb, et
al., 2007) and from northern Iran (Talebi Bezmin Abadi, et al., 2010). In the present study,
we found that 14.7% of the isolates were resistant to only 1 antibiotic and 3% were resistant
to no antibiotics. This implies that the vast majority (82.3%) were multidrug resistant. The
alarmingly high number of multidrug resistant strains will likely complicate the
development and use of an optimal anti-H. pylori treatment regimen. Moreover, several of
the antibiotic combinations in the multidrug resistant strains were found to have a statistical
association with disease state (Table 3). It should however be noted that since all possible
combinations of single to sextuple resistance patterns were analyzed and some of those
combinations had very small numbers of isolates, some of the statistically significant
combinations could be the result of Type 1 error. This being said, distinct trends were
present. Compared to double and triple resistant strains that were evenly spread across
disease state, the quadruple and quintuple resistant isolates tended to come from gastric
ulcer and gastric cancer patients. Furthermore, quadruple and quintuple resistance patterns
tended to be less prevalent among gastritis and duodenal ulcer patients, which was not the
case among the double and triple resistant isolates. The exception to this appears to be
amoxicillin, clarithromycin and tetracycline resistant isolates, where the highest number of
isolates were from gastric ulcer and gastric cancer patients. Interestingly, if you add
furizoladone resistance to this combination, there were no longer any isolates from duodenal
ulcer or gastritis patients. This trend also held true for the metronidazole, amoxicillin,
clarithromycin, tetracycline, and furizoladone resistance combination. Taken together these
data suggest that while no specific disease state could be determined to vary significantly
among the multidrug resistant isolates, there was a trend towards increased drug resistance
among gastric ulcer and gastric cancer patients.

The sheer number of strains that were resistant to multiple antibiotics also suggests that
future treatment of H. pylori may very well become more complicated if the rates of
resistance to any given antibiotic continue to rise as well as if the number of multidrug
resistant strains increases. Indeed, if new treatment regimens and/or new antibiotics are not
developed, even though it would be time consuming and costly, it may become necessary to
perform susceptibility testing on H. pylori isolated from infected patients prior to the start of
treatment.

The most commonly prescribed anti-H. pylori therapy in Iran consists of a proton pump
inhibitor or ranitidine and bismuth citrate combined with clarithromycin and either
amoxicillin or metronidazole. Based on our data, it is clear that metronidazole and
furizoladone are not the best antibiotics to use in the treatment of H. pylori infections in
northern Iran; we observed rates of resistance of over 60% among the isolates. A better
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therapeutic option would be to use amoxicillin, ciprofloxacin, and/or tetracycline in either a
triple therapy or quadruple therapy regimen because the rates of resistance for these
antibiotics were each less than 38%. Clarithromycin resistance was present in 45.2% of the
isolates studied, so this antibiotic may still be useful in treating H. pylori in the northern
region of Iran. It may in fact become necessary to switch to a sequential therapy strategy if
the standard simultaneous therapies prove ineffective; there is a growing body of evidence to
suggest that sequential therapy may be superior to the current regimens (Gisbert, et al.,
2010). Additionally, the use of bismuth in addition to a proton pump inhibitor should be
continued as the evidence for the effectiveness of this agent continues to grow (Graham and
Fischbach, 2010, O’Connor, et al., 2010). The data presented here highlight the continued
need for monitoring of H. pylori resistance patterns in the northern region of Iran, so as to
provide the best possible eradication options for those individuals suffering from H. pylori
associated diseases.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIG. 1.
The Rate of Antimicrobial Resistance across Disease State. The relative rate of resistance
across the indicated H. pylori associated disease states is indicated as a percent of the total
number of isolates from within that disease state. The antibiotics used in this study are
abbreviated as follows: amoxicillin – AMX, ciprofloxacin – CIP, clarithromycin – CLR,
furizoladone – FUR, metronidazole – MTZ, and tetracycline – TET. An asterisk indicates
that a statistical association was found between the antibiotic and disease state.
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FIG. 2.
Total Number of Multidrug Resistant Strains. Panel A: the total numbers of strains that were
resistant to none or from one to six of the examined antibiotics are given as a percent of the
total number of isolates. Panel B: the number of strains that were resistant to none or from
one to six of the antibiotics as a percent within a given disease state.
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Table 2

Epidemiological Breakdown of Demographics

Low Socioeconomic Status Mineral Water Consumption Breast Fed as Infant

Total 124 (62.9%)a 59 (29.9%) 63 (32.0%)

Males 63 31 39

Females 61 28 24

a
The number of isolates in each group is indicated and the corresponding percentage of the total each represents is given in parentheses.
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