
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, Feb. 2002, p. 981–984 Vol. 68, No. 2
0099-2240/02/$04.00�0 DOI: 10.1128/AEM.68.2.981–984.2002
Copyright © 2002, American Society for Microbiology. All Rights Reserved.

Effect of Oxidizing Disinfectants (Chlorine, Monochloramine,
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The susceptibility of Helicobacter pylori to disinfectants was compared to that of Escherichia coli. H. pylori is
more resistant than E. coli to chlorine and ozone but not monochloramine. H. pylori may be able to tolerate
disinfectants in distribution systems and, therefore, may be transmitted by a waterborne route.

Helicobacter pylori colonizes 30 to 50% of the world’s pop-
ulation. While colonization with the organism is asymptomatic
in most individuals, infection with H. pylori is now recognized
as a causative agent in chronic gastritis, as well as peptic and
duodenal ulcer disease (1, 4, 13). In addition, infection with
this organism is associated with mucosa-associated lymphoid
tissue lymphoma and adenocarcinoma (21, 33). Despite the
medical importance of H. pylori and its widespread occurrence,
little is known about the natural history of the organism.

The mode of transmission of H. pylori remains an unresolved
and controversial issue. Epidemiological data support either
direct person-to-person transmission or transmission through a
common source, such as food or water (3, 6, 11, 17, 25, 34).
Several investigations have provided evidence that H. pylori
may be transmitted by contaminated drinking water (5, 7, 14–
16, 19, 24, 26, 30, 31, 32). Recently, the USEPA Office of
Ground Water and Drinking Water included H. pylori in its
contaminant candidate list (7a), reflecting concerns over pos-
sible waterborne transmission. The potential presence of H.
pylori in water necessitates the study of the efficacy of treat-
ment processes against H. pylori in drinking water supplies.

Oxidizing disinfectants (chlorine, chloramines, and ozone)
are the final barrier in the Environmental Protection Agency-
recommended multibarrier approach to providing pathogen-
free water to the consumer. They are the most commonly used
disinfectants for drinking water (23). Hypochlorite (chlorine)
has been used as a disinfectant for more than 100 years. Hy-
pochlorites are lethal to most microbes (28). Monochloramine
(NH2Cl), produced by the reaction of free chlorine and am-
monia in a process called chloramination, is generally consid-
ered a leading candidate as an alternative to free chlorine. The
Denver Water Department has been using chloramination as a
primary water disinfection process for more than 70 years (23).
While it is not as common as chlorine or monochloramine, the
use of ozone is increasing in the United States. The advantages
of ozone use in drinking water include a greater oxidation
potential than other disinfectants and rapid decomposition of
residual ozone (22).

Johnson et al. (18) examined the effect of hypochlorous acid
(chlorine) on H. pylori. They concluded that there was no
significant difference between the susceptibilities of H. pylori
and Escherichia coli to chlorine. However, they noted that
carryover of organic matter from the blood agar plates on
which the H. pylori was grown may have exerted a chlorine
demand in their system. We have expanded the studies of
Johnson et al. by examining the effect of three different oxi-
dizing disinfectants—chlorine, monochloramine, and ozone—
on water-exposed cultures of H. pylori. In addition, we have
compared the sensitivity of H. pylori to that of E. coli, the
traditional indicator of microbiological water quality.

H. pylori (type strain ATCC 43504) was obtained from the
American Type Culture Collection (Manassas, Va.). Stock cul-
tures were maintained on 5% horse blood agar slants (BD
Biosciences, Franklin, N.J.) overlaid with tryptic soy broth (BD
Biosciences) supplemented with 0.25% yeast extract. The cul-
tures were incubated under microaerophilic conditions with an
AnaeroPack system, Pack-Campylo (Mitsubishi Gas Chemical
Company, New York, N.Y.) at 37°C.

An E. coli isolate was obtained from a surface water sample
by spread plating onto violet red bile agar with methylumbel-
liferyl-�-glucuronide (BD Biosciences). Stock cultures of the
organism were maintained by aerobic growth on tryptic soy
broth or microaerophilic growth in biphasic culture as was
done with the H. pylori culture.

Broth from mid-log-phase cultures of E. coli and H. pylori
was harvested by centrifugation. Care was taken to exclude the
extracellular debris that was regularly observed in the biphasic
cultures. The harvested cells were resuspended in synthetic
moderately hard groundwater (12) buffered with 0.05 M po-
tassium phosphate (pH 7.0) (BMHW). Resuspended cells
were then brought to a total volume of 10 ml and incubated at
15°C for 2 h. The resulting cell suspensions were considered to
be water-exposed cells. In the case of H. pylori, microscopic
examination of these suspensions indicated that most of the
cells were present as individual cells and that the spiral form of
the organism predominated (�80% of the cells).

Chlorine and monochloramine studies followed established
protocols for the evaluation of disinfectants (2, 12, 18). All
glassware was cleaned to remove chlorine demand. After
cleaning, individual milk dilution bottles were filled with 100
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ml of BMHW prepared in chlorine-demand-free (CDF) water.
Chlorine and monochloramine stock solutions were prepared
before each experiment. Chlorine stocks were made by adding
200 �l of sodium hypochlorite (Hach, Loveland, Colo.) to 100
ml of CDF water. Free and total chlorine concentrations in the
stock solution were determined by the N,N-dimethyl-p-phen-
ylenediamine (DPD) method (12). Fresh monochloramine
stock was prepared by adjusting the pH of 20 ml of CDF water
to 7.5 with 1 M NaOH. Ammonium phosphate [(NH3)2PO4;
320 mg] was dissolved in the water, and 100 �l of 50,000-ppm
sodium hypochlorite reagent was added. The volume was im-
mediately adjusted to 100 ml with CDF water and equilibrated
for 1 h at room temperature. Combined chlorine (NH2Cl) was
measured by the DPD/KI method (12). Free chlorine was
below detectable levels in the monochloramine stocks.

Water-exposed cells (104 to 105 CFU/ml) were added to the
bottles. Experimental bottles received chlorine or monochlo-
ramine, while control bottles received additional BMHW. A
minimum of three doses (0.1, 0.2, and 0.3 mg/liter) of chlorine
were evaluated in triplicate for each organism. After addition
of the disinfectant, the bottles were shaken vigorously for 30 s
and then incubated under static conditions for the remainder
of the contact time. Initial and endpoint free and total chlorine
concentrations were measured by the DPD colorimetric
method. A single dose of monochloramine (1.0 mg/liter) was
tested for four exposure times (1, 5, 10, and 20 min). Initial and
endpoint monochloramine concentrations were measured by
the DPD/KI colorimetric method.

Ozonation studies were conducted as follows. Glass bottles
with Teflon-lined caps were triple rinsed with double-distilled,
deionized water and autoclaved for 20 min. The bottles were
then filled with O3-H2O at a concentration of 7 to 9 mg/liter as
determined by the indigo colorimetric method (12) and left
overnight. The bottles were drained and then baked in an 85°C
oven for 1 h to ensure destruction of residual ozone.

Water-exposed cells were added to BMHW in the prepared
glass bottles. The volume of BMHW in each bottle was such
that the total volume would be 100 ml following the addition of
O3-H2O. Ozonated water was generated with a corona dis-
charge unit (model CD-06; Aqua-Flo Inc., Baltimore, Md.) to
create O3 gas that was then bubbled into double-distilled,
deionized water through an air stone. The ozonated water was
then transferred to the reaction vessels containing the organ-
isms using a glass pipette that had been soaked in O3-H2O (7
mg/liter) overnight. Control vessels contained BMHW instead
of O3-H2O. The amount of ozone added to each reaction
vessel was determined by taking the mean ozone concentration
from duplicate indigo colorimetric measurements performed
both before and after dosing with O3-H2O.

At the end of the contact time, subsamples were removed
from the bottles for all of the disinfectants and immediately
quenched with Na2S2O3. Viable-cell numbers were determined
by spread plating onto appropriate media (E. coli, mEndo agar
and aerobic incubation; H. pylori, 5% horse blood agar and
microaerophilic conditions).

All experiments were performed in triplicate. Data from
each individual experiment were used to calculate the CT99

(CT value for 99% [2-log] reduction in viable organisms, where
C is residual disinfectant concentration and T is the corre-
sponding disinfectant contact time) for each disinfectant by

plotting the log of the viable cells recovered against the mean
disinfectant concentration (initial � final/2) for each experi-
ment and determining the best-fit line by using least-squares
regression. The regression lines were subsequently compared
by analysis of variance. Statistical calculations were performed
with Prism version 3.0 (GraphPad Software, San Diego, Calif.)

H. pylori was significantly more resistant to chlorine than E.
coli (Fig. 1) (F � 12.74; P � 0.002). The difference between the
two organisms was more pronounced at higher doses of chlo-
rine. Thus, while exposure to 0.1 mg of chlorine per liter for 1
min resulted in a 0.3-log reduction in viable H. pylori cells and
a 0.9-log reduction in viable E. coli cells, exposure to 0.20 mg
of chlorine per liter for 1 min was associated with a 1.8-log
reduction in viable H. pylori cells and a �4.0-log reduction in
viable E. coli cells. The mean CT99s were 0.299 mg/liter · min
for H. pylori and 0.119 mg/liter · min for E. coli. Comparison of
the CT99s by using an unpaired t test indicated that they were
significantly different (t � 3.26; P � 0.0471).

There were no significant differences between H. pylori and
E. coli in susceptibility to monochloramine (Fig. 2) (F � 2.276;
P � 0.148). The calculated CT99s were 9.5 mg/liter · min for
H. pylori and 11 mg/liter · min for E. coli. These are not signif-
icantly different (t � 1.3; P � 0.2729)

The ozonation experiments showed a pattern of susceptibil-
ity similar to that observed in the chlorination studies. H. pylori
was significantly more resistant to ozonation than E. coli (Fig.
3) (F � 12.01; P � 0.003). As with chlorination, the differences
between the organisms increased with increasing dose. Calcu-
lated average CT99 values for the organisms were significantly
different (t � 14.00, P � 0.0051), with H. pylori having a higher
CT99 (0.24 mg/liter · min) than E. coli (0.09 mg/liter · min).

Our results indicate that H. pylori is significantly more resis-
tant to the oxidizing disinfectants chlorine and ozone than
E. coli. In a similar study, Johnson et al. (18) found differ-
ences between the CT99s for E. coli and H. pylori treated with
chlorine. They ascribed these differences not to differences
between the organisms but rather to the presence of large
amounts of particulate matter and aggregated cells in the H. py-
lori culture. In our studies, extensive washing and water expo-

FIG. 1. Effect of chlorine on H. pylori and E. coli. All experiments
were conducted in triplicate. Values are means � standard deviations.
Best-fit lines were calculated by using linear regression.
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sure of the microorganisms resulted in experimental cultures
which were virtually free of particulate matter and aggregated
cells. Therefore, our results support the conclusion that H.
pylori is more resistant to chlorine and ozone than E. coli.

The concentrations of oxidizing disinfectants examined in
this research were relatively low. A 1992 survey of disinfection
practices in the United States conducted by the American
Water Works Association indicated that a mean chlorine re-
sidual of 1.1 mg/liter and a median contact time of 45 min to
the point of first use in the distribution system is typical for
drinking water systems in the United States (10). Median levels
of residual ozone used in disinfection of drinking water are
reported to be 0.4 mg/liter. This is achieved by applying an
ozone dose of 1.5 to 4.0 mg/liter of water (27). Therefore, it is
unlikely that H. pylori enters drinking water distribution sys-
tems directly from treatment plants. Despite this, it is still
possible that H. pylori may be present in municipal drinking
water. Our data indicate that if H. pylori gains entry into the

distribution system, via either a break in treatment or infiltra-
tion into the system itself, it may be able to survive within the
distribution system, where the level of oxidizing disinfectant is
reduced.

Ozone rapidly degrades to oxygen and water in treated
drinking water and is generally considered to provide no last-
ing disinfectant residual (10). The maintenance of a chlorine
residual throughout the distribution system is important for
minimizing bacterial growth and for indicating (by the absence
of a residual) potential water quality problems in the distribu-
tion system. Currently, maximum chlorine dosage is limited by
taste and odor constraints and by the need to comply with the
total trihalomethane standard. Additionally, for systems using
chlorination, the surface water treatment rule requires a min-
imum residual of 0.2 mg/liter prior to the point of entry into
the distribution system and the presence of a detectable resid-
ual throughout the system. (20). Geldreich (10) reported a free
chlorine concentration of 0.1 to 0.3 as typical of distribution
systems. This concentration is well within the range in which
H. pylori is more resistant to free chlorine than E. coli. There-
fore, H. pylori might persist in a drinking water distribution
system even in the absence of E. coli.

Disinfection CT99s are based on laboratory studies using
dispersed suspensions of organisms. In environmental waters,
pathogens are usually aggregated or associated with cell debris,
some of which may not be removed entirely by treatment
processes. Cell-associated aggregates are considerably more
resistant to disinfection. Once microbes are entrapped in the
particles or adsorbed to surfaces, they can be shielded from
disinfection (9). Biofilm bacteria grown on several surfaces
were found to be 150 to 3,000 times more resistant to hypo-
chlorous acid (free chlorine, pH 7.0) than similarly treated
unattached microbes. In contrast, biofilm bacteria were 2- to
100-fold more resistant to monochloramine disinfection than
unattached cells (8). Monochloramine appears to be better
able to penetrate and kill biofilm bacteria than free chlorine,
an important premise for maintenance of a chlorine residual.

Several researchers have examined the possible role of bio-
films in the proposed waterborne transmission of H. pylori and
have demonstrated that H. pylori is capable of forming biofilms
under high-nutrient conditions (29) and of persisting in mixed-
species drinking water biofilms (31). Recently, Park et al. (26)
documented the presence of H. pylori DNA in biofilm material
from an existing cast-iron mains distribution pipe. Thus, H. py-
lori cells that enter a distribution system may be able to survive
within a biofilm matrix. Cells derived from such a biofilm may
be able to survive exposure to the disinfectant levels typical of
distribution systems.

Our results indicate that H. pylori is more resistant than
E. coli to chlorine and ozone at concentrations normally found
within distribution systems. Thus, H. pylori cells entering a
distribution system from outside sources or derived from bio-
films within the system may be able to persist undetected in
systems using either of these disinfectants. In contrast, H. pylori
is as sensitive as E. coli to disinfection with monochloramine.

This research was supported in part by a grant from the United
States Geological Survey (1434-HQ-96-GR-02694).

FIG. 2. Effect of chloramine on H. pylori and E. coli. All experi-
ments were conducted in triplicate. Values are means � standard
deviations. Best-fit lines were calculated by using linear regression.

FIG. 3. Effect of ozone on H. pylori and E. coli. All experiments
were conducted in triplicate. Values are means � standard deviations.
Best-fit lines were calculated by using linear regression.
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