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The aim of the present study was to compare eight media, four nonselective and four selective media, to
determine the best combination of media for the primary isolation of Helicobacter pylori. Over a period of 5
months, mucosal antral biopsy specimens were obtained from 222 consecutive dyspeptic patients undergoing
endoscopy. Biopsy samples were plated in parallel on all eight media. Egg yolk emulsion agar (EYE), Skirrow’s
medium, Dent’s medium, and modified Thayer-Martin medium were used as selective media; modified choc-
olate agar (MCHOC), Triptycase soy agar (TSA), brucella agar, and brain heart infusion agar were used as
nonselective media. Overall, by using these eight media, H. pylori was recovered from biopsy specimens from
114 of 222 patients, yielding an isolation rate of 51%. Comparison of all possible combinations of the eight
media showed that the highest rate of isolation of H. pylori was 100% (114 of 114) with EYE-MCHOC, followed
by 96.5% (110 of 114) when EYE-TSA was used. Conversely, it was found that none of the media used alone
yielded a 100% rate of recovery (the maximum recovery rate was 95%, which was achieved with EYE). These
results indicate that the association of EYE and MCHOC yielded the maximum recovery of H. pylori from
gastric biopsy specimens. Therefore, the use of selective and nonselective media in parallel offers optimal
recovery rates with only a slight increase in costs.

Since the first description by Warren and Marshall (30) in
1983, Helicobacter pylori has been recognized as an important
gastroduodenal pathogen. H. pylori infection is one of the most
frequent bacterial infections in the world, and this organism
has been acknowledged to be a crucial factor in several differ-
ent diseases ranging from gastritis to gastric malignancies (1, 3,
6, 9, 12–14, 25). These observations explain the interest of
investigators in developing accurate diagnostic methods.

At present, culture of this bacterium from gastric antral
biopsy specimens is a reference technique in bacteriology and
is essential for drug susceptibility testing and analysis of puta-
tive virulence factors. Although it is usually considered a te-
dious, time-consuming, and expensive procedure, culturing on
solid medium is the standard technique used in most labora-
tories for the isolation of H. pylori from gastric biopsy speci-
mens. Over the years, there have been a number of reports on
the media that can be used for the successful culture of H.
pylori. Originally, Marshall et al. (19) used brain heart infusion
chocolate agar supplemented with 7% horse blood. Subse-
quently, a variety of media, selective and nonselective, or a
combination of both have been proposed for use in the primary
isolation of H. pylori (2, 7, 11, 16, 21, 28, 31), but the optimal
method of recovery still remains to be established.

Resistance of H. pylori to metronidazole and macrolides has
emerged worldwide and now constitutes a major problem in
therapy (4, 22, 29). This justifies the increasing use of culture
in testing for H. pylori infection because it is the only diagnostic
method that allows us to assess the susceptibility of this organ-
ism to antimicrobial agents.

The objective of this study was therefore to compare and
evaluate classic and new selective and nonselective media in

order to determine the combination of media yielding the
optimal recovery of H. pylori from antral mucosal biopsy spec-
imens.

(Part of this study was presented at the IX International
Workshop on Gastroduodenal Pathology and Helicobacter py-
lori in Copenhagen, Denmark, 16 to 19 October 1996 [26]).

MATERIALS AND METHODS

Biopsy specimens. Three gastric mucosal antral biopsy specimens were col-
lected from each of 222 consecutive dyspeptic patients undergoing endoscopy.
Gastric biopsy specimens were placed in sterile tubes containing 1 ml of transport
medium consisting of modified Cary-Blair medium (24) and were stored at 4°C.
The delay between the removal of the specimens and the inoculation onto
culture media did not exceed 3 h. One biopsy specimen was used for histologic
examination (Giemsa stain). The other two biopsy specimens for culture were
finely minced in a tissue grinder (Wheaton, Millville, N.J.) in 1 ml of sterile saline
solution and were vortexed at a high speed. Serial 10-fold dilutions of the
homogenate were made up to 1023 of the original concentration. One hundred
microliters from each dilution was placed for isolation onto each of eight media.
The plates were incubated in 100% humidity at 37°C for up to 7 days in a
microaerophilic gas mixture composed of 10% CO2, 5% O2, and 85% N2
(Campy-Pak; Unipath S.p.A., Garbagnate Milanese, Milan, Italy). The agar
plates were checked for growth from day 3 through day 7. An isolate was
identified as H. pylori on the basis of positive catalase, oxidase, and urease
reactions, typical colony morphology (small, round colonies), and the presence of
characteristic curved gram-negative bacilli on Gram-stained smears. Suspect
colonies were confirmed as H. pylori by using Api-Campy (BioMerieux Italia
S.p.A., Rome, Italy). H. pylori NCTC 11638 served as a control strain.

Media. Eight different media were compared for primary isolation of H. pylori.
For all media, defibrinated sheep blood and defibrinated horse blood were
acquired from Biolife Italiana S.r.l. (Milan, Italy); 2,3,5-triphenyltetrazolium
chloride and antibiotic powders of known potency included in egg yolk emulsion
agar (EYE; cefsulodin, trimethoprim, vancomycin, and amphotericin) were pur-
chased from Sigma Chemical Co. (Milan, Italy). The rest of the agar base and
supplements were purchased from Unipath (Milan, Italy). All media were stored
under identical conditions at 4°C. No plates were more than 1 week old at the
time of use.

(i) Selective media. Four selective media were used. EYE (31) contained
Columbia agar, 10% egg yolk emulsion, 1% Vitox, and 40 mg of 2,3,5-triphe-
nyltetrazolium chloride per liter with an antibiotic supplement (5 mg of cefsu-
lodin, 5 mg of trimethoprim, 6 mg of vancomycin, and 6 mg of amphotericin B
per liter). Modified Thayer-Martin medium (MTM) (23) contained GC agar
base, 10% soluble hemoglobin powder, and GC supplement (10 g of yeast
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extract, 1.5 g of dextrose, 0.15 g of NaHCO3, 3 mg of vancomycin, 7.5 mg of
colistin methane-sulfonate, 12,500 IU of nystatin, and 5 mg of trimethoprim per
liter). Skirrow’s medium (SK) consisted of Columbia agar, 7% laked horse blood,
Campylobacter growth supplement, and Campylobacter selective supplement
(10 mg of vancomycin, 2,500 IU of polymixin B, and 5 mg of trimethoprim per
liter). Dent’s medium (DENT) (5) consisted of Columbia agar, 7% laked horse
blood, and Dent’s supplement (10 mg of vancomycin, 5 mg of trimethoprim, 5 mg
of cefsulodin, and 5 mg of amphotericin B per liter).

(ii) Nonselective media. Four nonselective media were used. Brucella agar
(BRUC) was made from brucella medium base, 1% Vitox, and 5% sheep blood.
Trypticase soy agar (TSA) consisted of Trypticase soy agar and 5% sheep blood.
Brain heart infusion agar (BHIA) contained brain heart infusion agar and 7%
defibrinated horse blood. Modified chocolate agar (MCHOC) contained Colum-
bia agar, 1% Vitox, and 5% sheep blood.

Evaluation criteria. All of the agar plates were also monitored for contami-
nants as well as semiquantitative estimation of the growth of H. pylori. Data were
recorded as follows: abundant growth (111), $10,000 CFU; good growth
(11), 1,000 # CFU , 10,000; moderate growth (1), 100 # CFU , 1,000; scanty
growth (6), ,100 CFU. To compare the sensitivities of culture and histologic
methods, we considered H. pylori to be present if either culture or histology result
was positive.

RESULTS

Over a study period of 5 months, 666 gastric mucosal biopsy
specimens were obtained from 222 consecutive dyspeptic pa-
tients (142 males and 80 females) undergoing endoscopy.
Overall, by using all eight media, H. pylori was detected in 114
patients (76 males and 38 females), yielding an isolation rate of
51% (66.6% for males and 33.4% for females).

Table 1 indicates the qualitative growth of H. pylori on each
of the eight media used. None of the media by itself gave
maximum recovery: EYE gave the highest isolation rate (108
of 114 plates; 95%), followed by MCHOC (83%), DENT
(74%), MTM (74%), SK (57%), TSA (57%), BHIA (35%),
and BRUC (30%). The recovery rate obtained with EYE was
significantly higher (P , 0.01) compared with those obtained
with DENT, MTM, SK, TSA, BHIA, and BRUC; the differ-
ence was not statistically significant (P . 0.05) for EYE com-
pared with that for MCHOC. EYE gave the highest percent-
age (89%) of isolates giving abundant ($10,000 CFU) or good
(1,000 # CFU , 10,000) growth, followed by MTM (86%) and
MCHOC (77%).

The recovery rate and the qualitative growth of H. pylori with
all possible combinations of two media are presented in Table
2. The combination that appeared to be the most effective for
the primary isolation of H. pylori was EYE (selective medium)
plus MCHOC (nonselective medium), which yielded a maxi-
mum recovery rate of 100% (114 of 114). This combination
also gave the highest percentage (88%) of isolates giving abun-
dant ($10,000 CFU) or good (1,000 # CFU , 10,000) growth,
followed by EYE-MTM (84%) and MTM-MCHOC (81%).

Table 3 indicates the qualitative growth of contaminants
associated with each of the eight media. Among the selective
media, MTM gave the lowest contamination rate (11%; 12 of

114 plates), a value significantly different from those obtained
with SK, EYE, MCHOC, BHIA, TSA, and BRUC (P , 0.01).
Among the nonselective media, BRUC gave the lowest rate
(39 of 114 plates), followed by BHIA, MCHOC, and TSA.

One hundred twelve patients were concordantly positive for
H. pylori by both culture and histologic examination; 2 patients
were positive by culture only, 3 patients were positive by his-
tology only, and 105 patients were concordantly negative by
both culture and histology. Culture performed with EYE-
MCHOC had a 97% (114 of 117) sensitivity, compared with a
98% (115 of 117) sensitivity for histologic examination.

DISCUSSION

Primary isolation of H. pylori from a biopsy specimen is a
difficult process: in specialized laboratories, isolation rates of
75 to 90% can be achieved (8, 20). This may be due to the
fastidious nature of H. pylori and to a number of factors that
are hard to control (patchy distribution of the organism on the
gastric mucosa, contamination of biopsy forceps, ingestion of
anesthetic, presence of oropharyngeal flora, loss of viability of
the organisms during transportation, etc.) and that are, alto-
gether, responsible for a poor negative predictive value asso-
ciated with culture of H. pylori. For these reasons, although
culture has been considered the “gold standard” for the diag-
nosis of H. pylori infection by various investigators (15, 18, 27),
culture is now usually used only in the research setting. How-
ever, the need for a high H. pylori recovery rate from gastric
biopsy specimens is increasing among practicing clinicians. In
fact, treatment of H. pylori infection is a first-line approach for
the treatment of patients with H. pylori-positive gastric and
duodenal ulcers and is increasingly used for other conditions
such as dyspepsia. Yet, treatment efficacy may be reduced by
the presence of primary resistance to commonly used antibi-
otics, such as metronidazole (10). In addition, it is generally
accepted that widespread use of anti-H. pylori treatments in
general practice will lead to the emergence of resistance to
multiple antibacterial agents among H. pylori isolates. Thus, we
anticipate that sensitivity testing of antibiotics will be largely
required in treatment failures or before initiating therapy in
patients harboring H. pylori infection.

The results of the present study indicate that, among the
eight media tested, EYE is the most sensitive for the primary
isolation of H. pylori, yielding a recovery rate of 95%. Our
results conflict with those of Hachem et al. (11). Since EYE
and DENT possess identical antibiotic supplements, the dif-
ferent isolation rates between these two media (95% for EYE
versus 74% for DENT) may be attributable to the richer
growth supplement (egg yolk emulsion with 1% Vitox) in
EYE. Furthermore, the red color induced by triphenyltetrazo-
lium chloride included in EYE made the H. pylori colonies

TABLE 1. Qualitative growth of H. pylori isolated from biopsy specimens on direct culture

Qualitative growth
No. (%) of H. pylori-positive cultures recovered on the following mediaa

SK EYE MTM DENT MCHOC BHIA TSA BRUC

111 26 (40) 58 (54) 43 (52) 31 (37) 45 (47) 18 (46) 25 (39) 16 (46)
11 18 (28) 38 (35) 29 (34) 25 (30) 29 (30) 10 (23) 19 (29) 3 (9)
1 15 (23) 12 (11) 9 (11) 18 (22) 18 (20) 9 (23) 18 (28) 12 (36)
6 6 (9) 0 3 (3) 10 (11) 3 (3) 3 (8) 3 (4) 3 (9)
Total 65 (100) 108 (100) 84 (100) 84 (100) 95 (100) 40 (100) 65 (100) 34 (100)

Recovery rate (%)b 57 95 74 74 83 35 57 30

a Values in parentheses are the percentage of H. pylori-positive cultures recovered only on that medium.
b Percentage among a total of 114 strains isolated.
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easier to spot on EYE than on the other media. Unlike the
contaminants, H. pylori colonies show a characteristic golden
shine when viewed with reflected light. The isolation rate of
57% yielded by SK is not comparable to those reported in
previous studies (5, 16, 28), which reported values ranging
from 94 to 97%. It is possible that these differences could be a
result of methodological variability, slight differences in me-
dium components, and the freshness of the media; differences
between isolates from different geographical areas also possi-
bly exist. In addition, among the selective media, SK yielded
the highest number of contaminated plates. The low selectivity
of this medium may be due to the absence of an antifungal
agent in its composition, unlike the other selective media.
Among these, MTM was the most selective, confirming that
the antimicrobial supplement present in this medium (vanco-
mycin, colistin, trimethoprim, and nystatin) limits the over-
growth by flora of the upper respiratory tract (23). Our mod-
ified chocolate agar yielded a good rate of 83%, comparable to

those obtained with classic chocolate agar in other studies (5,
7, 28). Other nonselective media yielded the lowest rates be-
cause of the abundant growth ($10,000 CFU) of contaminants
(especially Proteus spp., Pseudomonas aeruginosa, Streptococ-
cus spp., and Candida spp.) that obscured the growth of H.
pylori (Table 3). In the primary isolation of H. pylori, it is very
important to consider the qualitative growth of contaminants
isolated on each medium. In fact, when the growth of contam-
inants was scanty (,100 CFU), it did not interfere with H.
pylori isolation. Conversely, growth of H. pylori could not be
detected on the plate in the presence of a high number of
contaminants. With respect to this point, the DENT medium
has always shown a moderate growth (,1,000 CFU) of con-
taminating microorganisms; 64% of contaminated EYE plates
showed scanty growth. BHIA gave a recovery rate of 35%,
which was significantly lower than that obtained by Hachem et
al. (11) (96%).

The maximum recovery rate (100%) was obtained only by

TABLE 2. Qualitative growth of H. pylori on all possible combinations of media

Medium combination
No. of H. pylori-

positive cultures/total
no. of cultures (%)

No. (%) of plates on which growth was recorded according to qualitative growth of H. pylori

111 11 1 6 Total

EYE 1 MCHOC 114/114 (100) 101 (50) 77 (38) 20 (10) 3 (2) 201
EYE 1 MTM 108/114 (95) 93 (49) 66 (35) 23 (12) 8 (4) 190
DENT 1 EYE 111/114 (97) 88 (46) 63 (33) 30 (16) 9 (5) 190
MTM 1 MCHOC 107/114 (94) 87 (49) 57 (32) 27 (16) 6 (3) 177
SK 1 EYE 111/114 (97) 83 (48) 56 (32) 27 (16) 6 (4) 172
EYE 1 TSA 110/114 (96) 82 (48) 56 (32) 30 (18) 3 (2) 171
DENT 1 MCHOC 101/114 (88) 75 (42) 54 (30) 36 (21) 12 (7) 177
EYE 1 BRUC 107/114 (94) 72 (51) 41 (29) 24 (17) 3 (3) 140
DENT 1 MTM 105/114 (92) 74 (44) 53 (32) 27 (16) 12 (8) 166
SK 1 MCHOC 101/114 (88) 70 (44) 47 (29) 33 (21) 9 (6) 159
MCHOC 1 TSA 95/114 (83) 69 (44) 47 (29) 36 (23) 6 (4) 158
EYE 1 BHIA 98/114 (86) 75 (51) 47 (32) 21 (15) 3 (2) 145
SK 1 MTM 93/114 (81) 69 (47) 46 (31) 24 (16) 9 (6) 148
MTM 1 TSA 96/114 (84) 68 (47) 46 (31) 27 (18) 6 (4) 147
SK 1 DENT 93/114 (81) 57 (39) 44 (29) 33 (22) 15 (10) 149
DENT 1 TSA 90/114 (79) 56 (38) 43 (29) 36 (24) 12 (9) 147
MCHOC 1 BHIA 95/114 (83) 62 (47) 38 (28) 27 (21) 6 (4) 132
MTM 1 BHIA 84/114 (74) 61 (50) 37 (30) 18 (15) 6 (5) 122
MCHOC 1 BRUC 92/114 (80) 59 (46) 32 (25) 30 (24) 6 (5) 127
SK 1 TSA 93/114 (82) 51 (39) 36 (28) 33 (26) 9 (7) 129
MTM 1 BRUC 90/114 (79) 58 (50) 31 (27) 21 (18) 6 (5) 116
DENT 1 BHIA 90/114 (79) 49 (40) 34 (28) 27 (22) 12 (10) 122
DENT 1 BRUC 90/114 (79) 46 (40) 28 (24) 30 (26) 12 (10) 116
SK 1 BHIA 71/114 (62) 44 (42) 27 (26) 24 (23) 9 (9) 104
TSA 1 BHIA 78/114 (68) 43 (42) 27 (26) 27 (26) 6 (6) 103
SK 1 BRUC 84/114 (74) 41 (42) 21 (21) 27 (28) 9 (9) 98
TSA 1 BRUC 71/114 (62) 40 (41) 21 (22) 30 (31) 6 (6) 97
BRUC 1 BHIA 50/114 (44) 33 (46) 12 (17) 21 (29) 6 (8) 72

TABLE 3. Qualitative growth of contaminants isolated from biopsy specimens on direct culture

Qualitative growth
No. (%) of contaminated plates recorded for each mediuma

SK EYE MTM DENT MCHOC BHIA TSA BRUC

111 3 (11) 3 (12) 3 (25) 0 9 (20) 15 (35) 16 (32) 18 (46)
11 0 0 3 (25) 0 9 (20) 3 (7) 9 (18) 6 (15.5)
1 9 (32) 6 (24) 6 (50) 10 (62.5) 9 (20) 6 (14) 9 (18) 6 (15.5)
6 16 (57) 16 (64) 0 6 (37.5) 18 (40) 19 (44) 16 (32) 9 (23)
Total 28 (100) 25 (100) 12 (100) 16 (100) 45 (100) 43 (100) 50 (100) 39 (100)

Contamination rate (%)b 25 22 11 14 39 38 44 34

a Values in parentheses are the percentage of contaminants isolated only on that medium.
b Percentage among a total of 114 H. pylori-positive plates.

VOL. 35, 1997 OPTIMAL ISOLATION OF HELICOBACTER PYLORI 1543

 by on N
ovem

ber 14, 2009 
jcm

.asm
.org

D
ow

nloaded from
 

http://jcm.asm.org


using a combination of a selective medium and a nonselective
medium in parallel (EYE and MCHOC). Furthermore, this
combination of media gave the highest percentage (88%) of
isolates with abundant or good growth.

Histologic examination and culture by using EYE-MCHOC
are methods of equally high sensitivity for the detection of H.
pylori in gastric biopsy specimens. Thus, the culture method
performed with an appropriate combination of media (selec-
tive and nonselective) could be considered the gold standard
for the diagnosis of H. pylori infections; nevertheless, this issue
needs to be further explored in comparison to other diagnostic
technique such as the 13C-urea breath test (17).

Our data indicate that use of selective and nonselective
media in parallel is superior to the use of one medium alone,
according to Krajden et al. (16) and Tee et al. (28). We rec-
ommend the combined use of EYE and MCHOC to obtain
maximum recovery of H. pylori from gastric antral biopsy spec-
imens with only a slight increase in costs.

This recommendation is particularly relevant since culture
of H. pylori is becoming increasingly important to the search
for efficient antimicrobial combinations that eradicate this bac-
terium from the stomach.
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13. Ihamäki, T., M. Saukkonen, and M. Siurala. 1978. Long-term observation of
subjects with normal mucosa and with superficial gastritis: results. Scand. J.
Gastroenterol. 13:771–775.

14. Jaskiewicz, K., H. D. Ouwrens, C. W. Woodruff, M. J. Van Wik, and S. K.
Price. 1989. The association of Campylobacter pylori with mucosal patholog-
ical changes in a population at risk for gastric cancer. S. Afr. Med. J.
75:417–419.

15. Jones, D. M., A. M. Lessells, and J. Eldridge. 1984. Campylobacter-like
organisms on the gastric mucosa: culture, histological, and serological stud-
ies. J. Clin. Pathol. 37:1002–1006.

16. Krajden, S., J. Bohnen, J. Anderson, J. Kempston, M. Fuksa, A. Matlow, N.
Marcon, G. Haber, P. Kortan, M. Karmali, P. Corey, C. Petrea, C. Babida,
and S. Hayman. 1987. Comparison of selective and nonselective media for
recovery of Campylobacter pylori from antral biopsies. J. Clin. Microbiol.
25:1117–1118.

17. Logan, R. P. H., S. Dill, F. E. Bauer, and J. J. Misiewicz. 1991. The European
13C-urea breath test for the detection of Helicobacter pylori. Eur. J. Gastro-
enterol. Hepatol. 3:905–911.

18. Malfertheiner, P., and O. Pieramico. 1992. Helicobacter pylori, p. 297–311. In
S. Gustavsson, D. Kumar, and D. Y. Graham (ed.), The stomach. Churchill
Livingston, Edinburgh, United Kingdom.

19. Marshall, B. J., H. Royce, D. I. Annear, C. S. Goodwin, J. W. Pearman, and
J. R. Warren. 1984. Original isolation of Campylobacter pyloridis from human
gastric mucosa. Microbios Lett. 25:83–88.

20. Marshall, B. J., D. B. McGechie, P. A. Rogers, and R. J. Glancy. 1985. Pyloric
Campylobacter infection and gastroduodenal disease. Med. J. Aust. 142:439–
444.

21. Megraud, F., F. Bonnet, M. Garnier, and H. Lamouliatte. 1985. Character-
ization of “Campylobacter pyloridis” by culture, enzymatic profile, and pro-
tein content. J. Clin. Microbiol. 22:1007–1010.

22. Olson, C., and A. Edmonds. 1995. Primary susceptibility of H. pylori to
clarithromycin compared to metronidazole in patients with duodenal ulcers
associated with H. pylori infection. Gut 37(Suppl. 2):A814.

23. Parsonnet, J., K. Welch, C. Compton, R. Strauss, T. Wang, P. Kelsey, and
M. J. Ferraro. 1988. Simple microbiologic detection of Campylobacter pylori.
J. Clin. Microbiol. 26:948–949.

24. Patton, C. M., S. W. Mitchell, M. E. Potter, and A. F. Kauffmann. 1981.
Comparison of selective media for primary isolation of Campylobacter fetus
subsp. jejuni. J. Clin. Microbiol. 13:326–328.

25. Peterson, W. L. 1991. Helicobacter pylori and peptic ulcer disease. N. Engl.
J. Med. 343:1043–1048.

26. Piccolomini, R., G. Di Bonaventura, S. Lupo, C. Della Pelle, and M. Neri.
1996. Optimal media combination for successful isolation of Helicobacter
pylori from antral biopsies. Gut 39(Suppl. 2):A121.

27. Taylor, D. E., J. A. Hargreaves, L. K. Ng, R. W. Sherbaniuk, and L. D. Jewell.
1987. Isolation and characterization of Campylobacter pyloridis from gastric
biopsies. Am. J. Clin. Pathol. 87:49–54.

28. Tee, W., S. Fairley, R. Smallwood, and B. Dwyer. 1991. Comparative evalu-
ation of three selective media and a nonselective medium for the culture of
Helicobacter pylori from gastric biopsies. J. Clin. Microbiol. 29:2587–2589.

29. Tytgat, G. N. J., and L. A. Noach. 1994. H. pylori eradication, p. 550–559. In
R. H. Hunt and G. N. J. Tytgat (ed.), Helicobacter pylori: basic mechanisms
to clinical cure. Kluwer Academic Publishers, Dordrecht, The Netherlands.

30. Warren, J. R., and B. Marshall. 1983. Unidentified curved bacilli on gastric
epithelium in active chronic gastritis. Lancet ii:1273–1275. (Letter.)

31. Westblom, T. U., E. Madan, and B. R. Midkiff. 1991. Egg yolk emulsion agar,
a new medium for the cultivation of Helicobacter pylori. J. Clin. Microbiol.
29:819–821.

1544 PICCOLOMINI ET AL. J. CLIN. MICROBIOL.

 by on N
ovem

ber 14, 2009 
jcm

.asm
.org

D
ow

nloaded from
 

http://jcm.asm.org

