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Early diagnosis and culturing of Helicobacter pylori are of great importance for the study of the growth charac-
teristics of these bacteria which can contribute to knowledge of classical and molecular epidemiology, genetic
diversity and susceptibility to antibiotics. The ubiquity and importance of this pathogen throughout the world
has forced us to consider and propose effective routine alternatives for isolating and identifying these bacteria
in microbiology laboratories. This review was conducted to describe the literature concerning the conditions
for cultivation of this organism in the laboratory.
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BACKGROUND

It is estimated that H. pylori infects between 50% and 75%
of the world’s population. Of every 10 people infected with
this microorganism, only one develops the disease: 9 never
develop it. The infection is associated etiologically with
the presence of gastric or duodenal peptic ulcers and with
the development of mucosa-associated lymphoid tissue
(MALT). H. pylori participate in the multi-causal etiological
chain leading to gastric cancer (1). In fact, the World Health
Organization (WHO) has classified H. pylori as a Group 1
biological and carcinogenic agent for the human population
with the highest incidence of infection during childhood
in developing countries. This is apparently related to unfa-
vorable economic, hygiene and sanitary conditions (2, 3).
Diverse levels of virulence are apparently primarily related
different strains of the bacteria, but are also associated with
other factors such as ethnic origin, undernourishment, over-
crowding, geographic location and age (4).

This paper reviews microbiological issues related to cul-
turing H. pylori and factors implicit in it. Our bibliographic

searches explored online databases including Medline,
Proquest, Embase, Jstore, Pubmed, Hinary, Springer,
Nature, Science Online and the Oxford Journal. We also
searched in particular journals including Plos, Nas and
Imbiomed. Our search terms combined Helicobacter and
maintenance, supplements for Helicobacter, laboratory
maintenance, culture on solid medium and susceptibility
to antibiotics.

One Colombian study done by the Universidad Del
Valle and sponsored by the Instituto Colombiano para el
Desarrollo de la Ciencia y la Tecnologia reported a 69.1%
prevalence of H. pylori infections in regional hospitals in
16 Colombian Departments. This finding was determined
from biopsies from upper digestive endoscopies. In previ-
ous decades research into causes of acid peptic disease and
gastric adenocarcinoma focused principally on dietary fac-
tors, but the discovery that H. pylori is a frequent gastric
pathogen has changed etiological ideas about these and
others gastroduodenal diseases (35).

Since the study of H. pylori in our country began at the
end of the last decade, there are few reports of laboratory
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experiences with the microbiological capacities necessary
for its isolation and culture (6).

MICROBIOLOGICAL CHARACTERISTICS

The members of the Helicobacter genus were described in
1989. They colonize the stomach and intestines of human
and some animal species. Helicobacter is a Gram-negative
microaerophilic curved bacillus that possesses an outer
membrane and 4 to 8 polar flagella protected by a lipid
structure. They produce urease, catalase and cytochrome
oxidase. Urease increases bacterial virulence of H. pylori
since it transforms urea into NH, and H,0 which alkalin-
izes the surrounding acid. Other factors are lipase, adhes-
ins, catalase, platelet activator factor, cytotoxin-associated
gene A (Cag A), pic B (which induces cytokines) and the
vacuolating cytotoxin A (VacA) (3,7).

Samples for culturing are obtained from gastric mucosa.
Extra-gastric samples are obtained from dental plaque, the
rectum, the bladder and the esophagus. The time required for
formation of colonies ranges from 4 to 7 days in conditions of
5% to 10% 02’ 5% to 10 % CO,, and 80% to 90% N, with 95%
humidity and 35° to 37 °C temperature. Usually this microor-
ganism is cultured in blood serum and antibiotics (7).

CONDITIONS FOR TAKING SAMPLES

The protocol recommended for taking sample from biop-
sies of patients with chronic gastritis is that proposed by the
Sidney system. It is important to remember that H. pylori
are predominantly found in the pyloric antrum of the stom-
ach except for individuals treated with IBP and H, receptor
antagonists who have greater densities in the corpus. Five
biopsies must be taken: one sample each from the greater
and lesser curvatures of the antrum from points two to
three centimeters from the pylorus, one sample each from
the greater and lesser curvatures of the corpus from points
eight centimeters from the cardia, and one from the angu-
lar incisure (8). By employing this protocol it is possible
to detect the bacteria in almost every infected individual
(9). Taking samples for biopsies is an almost painless pro-
cedure for patients, but this procedure must be done by an
expert gastroenterologist who follows ethical and medical
protocols. This procedure is not recommended for patients
with bleeding ulcers because it can cause hemorrhaging.
All studies should be approved by an ethics committee and
have clearly written signed informed consent forms.

Other types of samples are also used. They include as
gastric acid obtained from a string test and samples isolated
from vomit which provide different results. H. pylori have
also been cultured from extra-gastric samples from dental
plaque, the esophagus, the rectum and the urinary bladder.

Other important issue is whether a patient has previously
been treated with antibiotics. In such a case a patient must
wait at least 4 weeks for testing in order to get successful
results from a culture. Although forceps used to take biop-
sies must be disinfected to prevent contamination between
patients, excessive disinfection could affect the viability of
bacteria.

Biopsy samples must be ground or pulverized and mixed
together with a small amount of saline solution. Then a loop
is used to spread the sample over the surface of the medium.
The sample material is streaked with the loop in a series of
parallel lines onto different segments of the plate (8, 9).

Samples must be processed quickly because the micro-
organism is sensitive to the environment. Samples taken
from the antrum and corpus should be introduced into
sterile test tubes with 0.5 ml of saline solution. They can
remain there for a maximum of 6 hours. In case of delays,
the use of transport media such as Stuart medium is rec-
ommended. These samples should be stored at 4° to 8 °C
for no longer than 24 hours before processing. Next, the
sample should be homogenized and duplicates should be
cultured in different kind of media. Culture media that
can be used include Brucella broth and agar, BHI, Muller
Hinton, Columbia agar and trypticase soy agar. These are
generally supplemented with Fetal Bovine Serum, lysed
erythrocytes, yeast extract, peptone and cyanobacteria.
7% to 10% horse, lamb or rabbit blood is generally added.
Among the antibiotics that are added are vancomycin, sul-
famethoxazole, trimethoprim, cefsulodin and polymyxin
B antibiotics. Samples can be preserved in trypticase soy
broth or BHI plus 20% glycerol. They can be stored in a
freezer at -80° C or in liquid nitrogen (10, 11, 12).

CULTURING

The utility and importance of H. pylori culturing resides in
the knowledge gained about the bacteria’s growth charac-
teristics, genetic diversity, epidemiology and about the pos-
sibility of determining its resistance to antibiotics used in
treatment (7, 13).

Tersterman et al. (2001) described the use of a defined
substrate, Hams F-12, employed for mammal cell cultures.
Modifications were made to isolate H. pylori. These con-
sisted in supplementing the substrate with B-cyclodextrin,
cholesterol and fetal bovine serum without blood (which
would have made it more costly). Blood agar plates were
used to culture biopsies and reference strains of H. pylori.
Culture growth was successful in 100% of these cases (14).

In2010 Joo et al. established a thin layer liquid culture for
recovering H. pylori. They first added Brucella broth to 90
mm diameter Petri dishes, and then added equine serum,
yeast extract and dimethyl-beta-cyclodextrin. After about
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3.3 hours growth was observed. It continued to grow expo-
nentially for 28 hours (15).

In 2000 Stevenson et al. proposed an alternative culture
in which the base components were Columbia agar and a
mix of antibiotics including vancomycin, amphotericin b,
trimethoprim and cefsulodin which inhibit the growth of
other kinds of bacteria. In addition the medium was sup-
plemented with horse blood, meat extract, agar, and corn
starch (16).

When samples from the pyloric antrum and gastric fundus
were cultured in Columbia agar plus 7% defibrinated lamb’s
blood and DENT supplement (vancomycin, trimethoprim,
amphotericin b, and cefsulodin), 100% specificity was
obtained turning this into the gold standard method (17).

Successful Helicobacter culturing requires use of fresh
lamb or horse blood in the agars employed. Commercially
prepared culture media can work, but their freshness is dif-
ficult to verify. Frequently they are old or dry, and they may
not have the appropriate selection of antibiotics. When
agars are prepared, they must not be used immediately.
They must be stored inside of sealed plastic bags at 4° C for
no more than 3 weeks (7). Our research confirms that the
optimal conditions are found with the use of Brucella agar
plus 8% horse blood at 4° C for a maximum time of 20 days.

In 2008 a study by Yepes et al. determined the resistance
of H. pylori in patients of the gastroenterology department
of the Hospital Universitario San Ignacio (HUSI). Samples
obtained were initially transported inside of sterile screw
cap tubes and frozen at -70° C for a maximum period of
3 weeks. Then, the sample was thawed and cultivated in
Brucella agar supplemented with 5% lamb’s blood. Samples
were incubated for 5 days in humid microaerophilic media
at 37°C (18).

The results of our comparison of two transport media,
Mueller Hinton broth supplemented with cyanobacteria
extract (MH-CE) and Mueller Hinton broth supplemented
with fetal calf serum (MH-FCS), showed that after 48 hours
at room temperature more bacteria was recovered using
MH-CE than was recovered with MH-FCS (p<0.00S). The
MH-CE medium is simple and cheap, and it can be used to
preserve the viability of H. pylori from biopsies (19).

In 2010 Trespalacios et al. isolated and identified H.
pylori from gastric biopsies which were macerated in a 1%
activated charcoal solution to obtain homogeneous solu-
tions. Samples were then cultured in a modified Wilkins
— Chalgren medium supplemented with Isovitalex and
antibiotics and incubated under anaerobiotic conditions at
37°C for 4 to15 days. This method resulted in 80% H. pylori
recovery (20).

In 2005 Quiroga et al. cultured samples from biopsies
obtained from patients with gastroduodenal diseases
which were macerated in aseptic conditions and then
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cultured in Lab M H. pylori medium supplemented with
8% horse serum, 1% Isovitalex and selective supplement
for Campylobacter (Merck). The authors reported good
results for H. pylori recovery (21).

Growing H. pylori in vitro requires media such as
Brucella broth or agar supplemented with vitamins and
horse serum or cyclodextrins. Liquid media generally pro-
duce slow growth, but optimum growth of H. pylori can
be obtained by replacing the serum or cyclodextrins with
a commercially available cholesterol solution which makes
this medium an alternative for H. pylori recovery from clini-
cal samples (22).

In 2001 Majalca et al. evaluated a base media of gelose
and chocolate (GC) to which was added 2% freeze dried
hemoglobin, Campylobacter agar, Casman agar, Columbia
agar, brain-heart infusion agar, Brucella agar, Mueller
Hinton agar or trypticase soy agar. Each mixture was
supplemented with 7% to 10% of horse or lamb blood plus
antibiotics (with or without nicotinamide-adenine) to a
final concentration of 15 ug/mL. A microaerophilic envi-
ronment was generated using system sachets and 3 Alka-
Seltzer tablets in 10 mL of water. All of these components
were placed inside of a flask sealed with plastic paraffin
film with or without the use of a candle. The strains were
stored at -70 °C using Brucella broth plus 10% horse serum,
25% glycerin and horse blood as well as Brucella broth plus
10% fetal bovine serum and 30% glycerol. It is important
to highlight that the microaerophilic environment was
obtained with 3 Alka-Seltzer tablets. The best medium in
terms of H. pylori recovery was Casman agar with 7% horse
blood for S to 7 days, and the best medium for preservation
was the Brucella broth with 2% fetal bovine serum (23).

The sensitivity of a culture medium changes in relation
with variables such as collection, transport, and storage
of the sample, the culture medium itself, and incubation
conditions. In 2007Navarro et al. evaluated an ecometric
method for three culture media: trypticase soy agar, BHI
agar and Brucella agar. All three media were supplemented
with 5% lamb’s blood. Low levels of H. pylori recovery with
all of the three media were correlated with an absolute
growth index (AGI) below 2.5. This result indicates that
none of the media tested have good capacity for H.pylori
recovery which is explained by the low blood concentra-
tion and absence of nutrients such as Isovitalex (24).

Growing H. pylori without serum remains difficult since
nutritional requirements are only partially understood.
Amino acids, metals, sodium chloride for iron, zinc and
magnesium are critical for growth, but copper is not neces-
sary. These data indicate that H. pyloriand other Helicobacter
species are not as demanding as was thought. The data
also suggest that the chemical media described here could
generate the growth from a variety of Helicobacter species
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which would allow researchers to develop a more detailed
characterization of their physiologies and interactions with
host cells (25).

In 2010 Mcnulty et al. evaluated three selected media:
PYL from bioMérieux in France; Helicobacter agar from
Beckton Dickinson in the United States, and Brugman
Helicobacter Agar. They found no significant differences
in the number of colonies grown or in recovery rates. They
observed the presence of typical colonies which were iden-
tified through Gram staining and catalase, oxidase, urease
and other biochemical tests (27).

My experience as a member of GIBGA (Grupo de
Investigaciones Biomédicas y de Genética Aplicada -
Applied Biomedical and Genetics Research Group) with H.
pylori recovery from gastric biopsies has led me to establish
and recommend a transport medium with selective enrich-
ment. That medium contains Campylobacter broth plus
2% Isovitalex, 8% whole horse or lamb blood, 0.1% trim-
ethoprim-sulfamethoxazole, 0.1% vancomycin, 0.1% peni-
cillin and 0.1% amphotericin. This medium is incubated at
37°C for 3 to S days. Colonies are observed after 18 hours
of incubation in anaerobiotic conditions. Anaerobiotic
conditions are generated using the BD GasPak EZ Gas
Generating Container System (Ref 260683) which is a
sachet system (Figure 1). After incubation samples are
isolated in media such as Brucella agar and chocolate agar
supplemented with the ingredients previously mentioned
in the transport and enrichment medium. The methods
for recovery from broth and solid media recommended by
the author have been evaluated with a reference strain of
H. pylori NCTC 11638 (strain donated by Dr. Alba Alicia
Trespalacios from Universidad Javeriana).

Figure 1. Microaerophilic conditions for Helicobacter pylori isolation
and recovery, based on GasPak EZ Gas Generating System.

To confirm the purity of every strain obtained, each is
tested with gram staining and oxidase, catalase, and urease

tests as well as genotyping of the 16s ribosomal gene. We
observe a biofilm in a liquid culture medium which has
as important characteristic that promotes genetic inter-
changes. This phenomenon boosts generation of strains
that are more virulent and resistant to extreme environ-
ments (28, 29).

ANTIBIOGRAMS

The method approved by the Clinical and Laboratory

Standards Institute (CLSI) for evaluation of the sensitiv-

ity of H.pylori to antibiotics is an agar dilution antibiotic

method (28). On the other hand, the British Society for

Antimicrobial Chemotherapy (BSAC) recommends the

E-test which has a good correlation with the referenced

method (10).

To test sensitivity, we use Muller Hinton agar supple-
mented with 5% lamb’s blood. The inoculum is prepared
in a 0.85% saline solution and compared to a MacFarland
standard No. 2 test tube (1x107 a 1x10° UFC/mL). To
obtain the inoculum, the strain should be taken from a sub-
culture made from blood agar incubated for 72 hours. As
second alternative is to taket the sample from an H. pylori
culture in Brucella broth adjusted to the MacFarland stan-
dard (1x10® UFC/mL). This inoculum is spread in Mueller
Hinton agar supplemented with 10% horse serum and 2%
Isovitalex (20).

Because the method of diluting in agar is not routinely
applicable, and because the E- test is expensive and has dis-
crepancies with metronidazole, in 2002 McNulty reviewed
studies with the disk-diffusion method and recommended
the following disk concentrations and cut off points:

1. For metronidazole use a 5 pg disk. Bacteria are consid-
ered resistant if the halo is less than 16mm in diameter,
intermediate if the halo is between 16 and 21 mm in
diameter, and sensitive if the halo is greater than 21 mm
in diameter. In cases of intermediate sensitivity it is rec-
ommended to also use a minimum inhibitory concen-
tration test.

2. For clarithromycin is recommended the use of 2 ug
disk. Bacteria are considered resistant if there is no
inhibition halo. A clarithromycin disk with 15ug con-
centration can also be used, in which case bacteria are
considered resistant if the halo is less than 18mm in
diameter (26).

In 2012 Ramos confirmed that culturing is the most specific
test. The best samples for culturing are gastric biopsies which
should be placed in a Stuart medium and cultivated for a
short time. Charcoal should be added to the culture media at
a concentration of 10% because it protects the microorgan-
isms from free radicals of oxygen and fatty acids (31).
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CONCLUSIONS

Preliminary identification of H. pylori from gastric biopsies
is based on the characteristics of colonies and detection of
enzymes such as catalase, cytochrome-oxidase and urease.
Urease is a basic element for bacterial survival in the acid
gastric environment.

When we analyzed media reported in the literature, we
observe diverse possibilities according to the accessibility
of different commercial products and different ingredients
stored in microbiology laboratories. The basic components
for preparation of these media are broth or nutrient agar
supplemented with 8% fresh lamb or horse blood, 2%
Isovitalex, 10% charcoal, 10% equine serum and antimi-
crobials such as vancomycin, trimethoprim, cefsulodin
and amphotericin. Anaerobiotic conditions are obligatory
because H. pylori are fastidious microorganisms. Colonies
appear within 2 to 7 days under conditions of 5% to 10%
0,, 5% to 10 % CO0,, 80% to 90% N_, 95% humidity and 35°
C to 37°C temperature.
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