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Helicobacter pylori is a Gram-negative microaerobic

curved rod bacterium. This bacterium causes gastric

diseases and peptic ulcers and plays an important role

in gastric cancer and lymphoma. For this reason,

H. pylori has been classified by the World Health

Organization as a class I carcinogen [1].

It has been estimated that more than half of the

human population is currently infected with H. pylori,

although most people never manifest symptoms of the

infection [2].

H. pylori exists in a bacillary form (rod or spiral) in

the natural habitat within the human host, but detri-

mental environmental circumstances have been

observed to cause a switch from bacillary to coccoid

forms. Formation of nonculturable coccoid forms is a

common feature among bacillary Gram-negative bacte-

ria subjected to stress conditions, such as starvation,

temperatures changes, and antibiotic treatment [3].

Some authors contend that coccoid form is a degen-

erative form and others suggest that coccal shapes are

viable but nonculturable forms. These two hypotheses

are supported by diverse studies. Whether the H. pylori

coccoid forms is degenerative, or viable but noncultur-

able, remains open to question [3].

Several reports have argued that coccal shapes may

constitute a resistance form under adverse environmen-

tal conditions. These reports have demonstrated, in

coccoid bacterial forms, the ability to synthesize DNA

[4], the presence of intact cellular structures by electron

microscopy [5,6], high enzymatic activity [7–9], and a

high capacity to cause gastric inflammation in BALB ⁄ c
A mice [10]. However, studies also exist that support

the opposite hypothesis. Inhibition of protein synthesis,

DNA degradation, and low RNA concentrations have

been observed in coccoid forms [11]. Nonviability of

the coccoid form was shown in vivo by the inability to
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Abstract

Background: While Helicobacter pylori exists in a bacillary form in both the

natural habitat and the human host, detrimental environmental circum-

stances have been observed to lead to the conversion of H. pylori from the

bacillary to the coccoid form. However, the viability or nonviability of

coccoid forms remains to be established in H. pylori. The aim of this study

was to determine whether the quantitative PCR combined with propidium

monoazide could be an alternative and good technique to determine

H. pylori viability in environmental samples and, to contribute to under-

standing of the role of the H. pylori forms.

Materials and Methods: Viability, morphological distribution, and the

number of live H. pylori cells were determined using a propidium mono-

azide-based quantitative PCR method, at various time points.

Results: Under adverse environmental conditions was observed the conver-

sion of H. pylori from the bacillary to the coccoid form, and the decrease in

amplification signal, in samples that were treated with propidium mono-

azide, over the time.

Conclusions: Incorporation of propidium monoazide indicates that there is

an increase in H. pylori cells with the damaged membrane over the study,

leading to the manifestation of cellular degeneration and death. Conse-

quently, quantitative PCR combined with propidium monoazide contributes

to our understanding of the role of H. pylori cells, under adverse environ-

mental conditions.
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colonize and generate changes in the piglet gastric

mucosa [12].

All of these viability studies employ microscopy,

molecular techniques, and culture-based methods. In

this paper, we propose for the first time the use and

optimization of quantitative PCR in combination with

propidium monoazide pretreatment (PMA-qPCR) for

determining viability.

Propidium monoazide (PMA) is a membrane-imper-

meant dye that penetrates only bacterial cells with

compromised membranes. Once inside the cell, PMA is

covalently cross-linked to DNA through light photoacti-

vation. PCR amplification is strongly inhibited by this

interaction, generating very low threshold cycle (CT)

values in PMA-treated cells when compared to non-

PMA-treated cells [13]. Therefore, the use PMA-qPCR

permits the identification of alterations in the cell

membrane that trigger cell death, therefore determining

the viability or nonviability of coccoid cells.

Mechanisms of H. pylori transmission and infection

may be elucidated by study of the role of coccal shapes

in environmental survival. For this reason, the aim of

this study was to determine whether the employing of

a novel methodological approach of PMA-qPCR could

be an alternative and a good technique to determine

H. pylori viability in environmental samples and, to con-

tribute to the understanding of the role of H. pylori

cells.

Methods

Bacterial Strain and Culture Conditions

H. pylori strain DSM 21031T was used throughout this

study. This H. pylori strain was stored at )80 �C in tryp-

tone soy broth (TSB) with 20% (v ⁄ v) glycerol. This

strain was cultured on Columbia agar plates supple-

mented with 5% (v ⁄ v) sheep blood (Oxoid, Basing-

stoke, UK) for 4 days at 37 �C under microaerophilic

conditions. This atmosphere was obtained with a

gas-generating envelope (Campylobacter Gas Generat-

ing kit; Oxoid) in a jar.

After 4 days of culture, H. pylori was harvested from

the agar plates, suspended in 10 mL phosphate-buffered

saline pH 7.4 (PBS) and adjusted to an OD 400 of 0.2.

Subsequently, 1 mL of bacterial suspension was added

to 12 mL PBS, and the cells were incubated at 37 �C
under aerobic conditions. For laboratory study, samples

were taken at different time points (0, 24, 72, and

168 hours), and viability, morphological distribution,

and live cell numbers were determined by PMA-qPCR.

All assays were performed in duplicate with two inde-

pendent cultures.

Morphological Determination

H. pylori bacterial morphology was examined micro-

scopically by Gram staining [11,13]. At the time points

of 0, 24, 72, and 168 hours, 2 mL of H. pylori culture

was centrifuged at 10,000 · g for 5 minutes. The pellet

was resuspended in 200 lL PBS; and then, 50 lL bacte-

rial aliquots were stained on a slide. Cells were

observed through an optical microscope (Labophot

Microscope, Nikon) at 1000· magnification. The per-

centages of bacillary and coccoid cells were calculated

by scoring 500 cells present in five randomly selected

fields of each bacterial smear. Each assay was per-

formed in duplicate, and the percentages of bacillary

and coccoid cells are shown as the mean percentages of

these assays.

Cultivability Determination

The number of viable bacteria at different time points

(0, 24, 72, and 168 hours) was determinate by plating

100 lL of the appropriate 10-fold dilutions on Columbia

agar plates supplemented with 5% (v ⁄ v) sheep blood

(Oxoid). Plates were incubated at 37 �C under micro-

aerobic conditions. After 4 days of incubation, colonies

were counted. Each assay was performed in duplicate.

PMA Cross-Linking

Aliquots (500 lL) of H. pylori culture were collected and

processed following PMA treatment, adapted from previ-

ously developed by Nocker et al. [14]. Briefly, 12.5 lL

PMA (Biotium, Hayward, CA, USA) in 20% dimethyl

sulfoxide was added to cell aliquots for a final dye con-

centration of 50 lmol ⁄ L. PMA-treated samples were

incubated for 5 minutes at room temperature in the

dark. Aliquots were photo-activated for 15 minutes

using the Led-Active�-Blue system (IB-Applied Science,

Barcelona, Spain) [15]. After photo-activation, the

samples were centrifuged at 14,000 · g for 5 minutes,

and the pellets were resuspended in 200 lL PBS. In

addition, 500 lL of H. pylori culture untreated with PMA

was concentrated by centrifugation in 200 lL of PBS.

DNA Isolation

DNA isolation was performed in 200 lL aliquots of

H. pylori cells, treated or untreated with PMA. Genomic

DNA was extracted using the E.Z.N.A. Tissue DNA kit

(Omega Bio-Tek, Doraville, USA) following the manu-

facturer’s recommendations. The isolated DNA was

eluted in 200 lL PBS and stored at )20 �C until use in

quantitative PCR (qPCR).
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Quantitative PCR

Quantitative PCR and data analysis were performed

with the LightCycler-1.5 PCR system (Roche Molecular

Diagnostics) following the qPCR protocol previously

described by Perez et al. [16] and adapted from

Kobayashi et al. [17].

Quantitative PCR assays were performed in duplicate

with samples from two independent cultures. The

results presented are the mean of these assays and are

expressed in terms of copies ⁄ mL.

Results and Discussion

H. pylori cultures were sampled at various time points

(0, 24, 72, and 168 hours). Bacterial morphology was

evaluated, using an optical microscope, and bacterial

viability was assayed by PMA-qPCR.

According to the morphological determination by

optical microscopy, the cells transformed from the

bacillary to the coccoid form over the experimental

time course (Fig. 1). At time 0, 85% of the observed

bacteria were bacillary. Over time, the number of

coccoid cells increased, coming to have 80% of coccal

shapes at 168 hours after culture inoculation (Table 1).

While the bacillary form was repeatedly the majority

form (85%) in fresh microaerobic cultures, we never

observed a total dominance of this form (100%)

(Table 1, Fig. 1). We speculate that H. pylori does not

tolerate exposure to air [18]. When cultured this bac-

teria in vitro under favorable conditions, most H. pylori

cells have a bacillary appearance, but aging or expo-

sure to unfavorable conditions results in the rapid con-

version of bacillary to coccoid forms [11]. This result

was supported by the results obtained in the cultivabil-

ity study. In this study, no bacterial growth was

observed from 24 hours of exposure to starvation con-

ditions, data not shown.

Quantitative PCR of both PMA-treated (vPCR) and

nontreated (PCR) samples showed remarkable

differences between them (Table 1). The number of

copies ⁄ mL was constant over time in nontreated sam-

ples (approximately 106 copies ⁄ mL), unlike the samples

treated with PMA. At time 0, we measured similar

values in both the treated and untreated samples. After

this time, a large decrease in the number of copies ⁄ mL

was observed at all time points in the samples treated

with PMA, resulting in 9.02 · 104 copies ⁄ mL at

168 hours postinoculation. Additionally, PCR amplifica-

tion efficiency (%vPCR) was strongly reduced in the

samples from cells exposed to PMA with only 2.66%

amplification achieved at 168 hours postinoculation

(Table 1, Fig. 1).

These results are consistent with a previous study

[11] that investigated the effects of different incuba-

tion conditions on bacillary H. pylori cells. Under

adverse environmental conditions, the cells rapidly

converted from bacillary to coccoid forms, accompa-

nied by changes in protein profiles, loss of RNA, and

severe DNA degradation in coccoid cells. Contradictory

results exist from a study demonstrating that coccoid

cells preserve RNA and DNA and have intact struc-

tural components, such as the cell wall and cell mem-

brane [4].

Few investigations have been performed to relate the

structural alteration of membranes with the conversion

of bacillary to coccoid forms in H. pylori. Electron

microscopy revealed that during the switch from

bacillary to coccoid forms, some coccoid cells preserved

subcellular structures and intact double membranes [5].

Other electron microscopy results showed that under

Figure 1 Helicobacter pylori morphology and viability over the

experimental time course. White circles represent percentages from

quantitative PCR results of propidium monoazide-treated cells (vPCR);

black circles represent percentages of coccoid bacteria. Error bars

represent standard deviations obtained from two independent experi-

ments performed in duplicate.

Table 1 Coccoid morphological transition and quantitative PCR of

propidium monoazide-treated Helicobacter pylori (vPCR) and non-

treated H. pylori (PCR) cells. PCR results are expressed as copies ⁄ mL.

Data represent the means of two independent experiments performed

in duplicate

Time (hour) PCR vPCR %vPCR % Coccoid cells

0 5.10E + 06 3.39E + 06 100.00 14.88

24 8.02E + 06 9.02E + 05 26.63 46.40

72 2.94E + 06 2.17E + 05 6.40 73.82

168 1.28E + 06 9.02E + 04 2.66 79.69
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adverse conditions, while the coccoid cells, initially,

displayed spontaneous morphological changes, the cell

walls remained intact.Prolonged exposure of H. pylori to

adverse conditions resulted in cell wall disruption in a

small number of coccoid cells [19]. Those results are in

agreement with the results of our molecular investiga-

tions. The use of PMA in conjunction with qPCR

allowed us to determinate membrane disruption in

H. pylori cells after starvation.

At this point, it is interesting to consider if naked

H. pylori cells in the environment have some infectious

role because, as demonstrated in this paper, their sur-

vival is limited to a few days. As mentioned earlier, the

survival of Helicobacter in the natural environment

remains unknown. Interestingly, Winiecka Krusnell

et al. [20] have reported that H. pylori is capable of

propagation and remains viable for several weeks in the

presence of Acanthamoeba, under experimental condi-

tions. These findings suggested that these amebae could

be a natural reservoir for Helicobacter [21]. This could be

a reason by which these bacteria could survive long

periods of time in the environment.

In conclusion, the use of the Quantitative PCR in

combination with PMA is a good technique to contrib-

ute to investigate the role of the different H. pylori

forms. The results of our study indicate that, in adverse

environmental conditions, there is a viability decrease

in H. pylori cells as a result from a cellular degeneration

process involving, at least, cellular membrane damage.

Subsequently, free H. pylori cells may only be poten-

tially infectious for their first few days in the

environment.
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16 Pérez LM, Codony F, López Leyton D, Fittipaldi M, Adrados B,

Morató J. Quantification of Helicobacter pylori levels in soil

samples from public playgrounds in Spain. J Zhejiang Univ Sci B

2010;11:27–9.

17 Kobayashi D, Eishi Y, Ohkusa T, Ishige I, Suzuki T, Minami J,

Yamada T, Takizawa T. Gastric mucosal density of Helicobacter

pylori estimated by real-time PCR compared with results of urea

breath test and histological grading. J Med Microbiol

2002;51:305–11.

18 Goodwin CS. Campylobacter pylori: detection and culture. In:

Rathbone BJ, Heatley RV, eds. Campylobacter Pylori and

Gastroduodenal Disease. Oxford, England: Blackwell Scientific

Publications Ltd, 1989;60–2.

19 Zeng H, Guo G, Hu Mao X, Tong WD, Zou QM. Proteomic

insights into Helicobacter pylori coccoid forms under oxidative

stress. Curr Microbiol 2008;57:281–6.

20 Winiecka-Krusnell J, Wreiber K, Euler AV, Engstrand L, Linder

E. Free-living amoebae promote growth and survival of Helico-

bacter pylori. Scand J Infect Dis 2008;34:253–6.

21 Greub G, Raoult D. Microorganisms resistant to free-living

amoebae. Clin Microbiol Rev 2004;17:413–33.

Propidium Monoazide qPCR for Viability Agustı́ et al.

476 ª 2010 Blackwell Publishing Ltd, Helicobacter 15: 473–476


