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Abstract
The filtration method (FM) is the most effective isolation technique for Epsilobacteriaceae from stool samples. FM’s different
adaptations make it difficult to compare data between studies. This study was performed in three phases to optimize FM from a
routine laboratory perspective. In July–September 2014 (part I), FM was performed on Mueller–Hinton agar containing 5% sheep
blood and Columbia agar containing 5% sheep blood. In July 2016 (part II), FM was performed using 0.60-μm pore size polycar-
bonate filters (0.6-PC filter) and 0.45-μm pore size cellulose acetate filters (0.45-AC filter); in January 2018 (part III), the addition of
hydrogen to incubators was studied. On 1146 stools analyzed in part I, the positive samples that showed no growth on the Butzler
medium (n = 22/72, 30.6%) had improved growth of Epsilobacteriaceae when using the Columbia instead of the Mueller–Hinton
medium (21/22 strains vs. 11/22, p < 0.05). In part II, on 718 stools, 91 strains grewwith FM (12.7%), more with 0.6-PC filter (90/91)
than with 0.45-AC filter (44/91) (p < 0.05). In part III, 578 stools were cultured, 98Epsilobacteriaceae strains grewwith FM, and 7%
hydrogen finding significantly more Epsilobacteriaceae than without hydrogen (90/98, 91.8%, vs. 72/98, 73.5%; p < 0.05). The use
of a Columbia medium containing 5% sheep blood with 0.6-PC filters incubated at 37 °C in a 7% hydrogen-enriched atmosphere led
to an almost fourfold increase in the isolation rate of Epsilobacteriaceae among the studied combinations. Reference centers for
Campylobacter should use standardized protocols to enable the comparison of prevalence in space and time.
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Introduction

According to the World Health Organization (WHO),
Campylobacter spp. is the most important bacterial cause of di -
arrhea in humans [1]. In Europe, since 2005, Campylobacter sp.

is the most prevalent enteric pathogen reported to the European
Centre for Disease Prevention and Control (ECDC), with 71
cases per 100,000 in 2014. Yet, incidence rates vary greatly
between countries. The incidence of Campylobacter spp. infec-
tions is probably underestimated because of a lack of systematic
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approach in the isolationmethodsandanunsystematicdeclaration
of diagnosed cases [2].

Among the Epsilobacteriaceae family, Campylobacter
jejuni and Campylobacter coli are the most isolated species
in gastroenteritis in humans [3]. With an optimal growth at
42 °C,C. jejuni,C. coli, andCampylobacter lari are common-
ly isolated from the intestines of avian species, especially
poultry, because of a higher body temperature of those species
which represent the main source of infection for humans [4].
They are called Bthermophilic Campylobacter^ in opposition
to other Campylobacter with a lower optimal growth temper-
ature [5].

During the last few decades, the development of diagnostic
techniques has led to the rise of less known and nutritionally
fastidious Campylobacter, including Campylobacter rectus,
Campylobacter upsaliensis, and Campylobacter concisus.
Although emergentCampylobacter have been associated with
gastroenteritis, inflammatory bowel diseases and periodonti-
tis, their pathogenic role remains controversial [3, 6–8].

Molecular tools are convenient to identify bacterial DNA
in a sample, especially for fastidious Campylobacter.
However, they make it impossible to infer if the organism
was alive or dead or to obtain an antimicrobial susceptibility
profile for potential pathogens; culture methods thus remain
essential. Given the lack of systematic approach for the culture
of human stools for these emerging Campylobacter, the prev-
alence is difficult to compare between studies.

Isolation methods for Campylobacter vary between labo-
ratories, even in the same country. Most use selective agar
plates, developed principally for C. jejuni-coli, containing an-
tibiotics to suppress normal fecal flora, incubated at 42 °C in a
microaerophilic atmosphere, like the modified charcoal
cefoperazone deoxycholate agar (mCCDA), the preferred me-
dia for isolating C. jejuni-coli [9]. But those conditions inhibit
the growth of most of the Campylobacter spp. other than
C. jejuni or C. coli (COJC) [6, 10]. Due to their specific
growth conditions, slow growth rates, and susceptibility to
antibiotics present in the C. jejuni-coli selective agar plate,
COJC, like C. concisus, C. curvus, C. upsaliensis, and
Campylobacter fetus, are more difficult to isolate in culture.
Specific isolation methods, such as the filtration method (FM)
on antibiotic-free agar, are thus warranted, with incubation at a
temperature lower (37 °C) than for C. jejuni and C. coli [11,
12]. An increased hydrogen (H2) concentration is required to
better isolate several Campylobacter spp. other than C. jejuni
or C. coli like C. concisus, C. curvus, Campylobacter
sputorum, and Campylobacter hyointestinalis [11, 13].

An enrichment step is sometimes used by inoculating the
sample in a broth before putting the stools on the filter [3, 6].
Most of the times, this enrichment broth is used for samples
with low bacteria concentration, like water or food [14, 15].
Brucella broth has been shown to resuscitate injured or dor-
mant Campylobacter spp. [16] and has been used for that

reason in our laboratory for years instead of saline to dilute
stools.

Different agar plates have been used for the FM, most of
the times without antibiotics [3]. Mueller–Hinton agar and
Columbia blood agar base with defibrinated sheep blood have
been used for decades [17], and Columbia media is still sug-
gested as one of the preferred media for Campylobacter spp.
growth [18].

Material and pore size of the filter used is another possible
adaptation of the FM. The 0.65-μm pore size cellulose acetate
(CA) filters, used in the first FM [19], are known to have a
better sensitivity than 0.45-μm pore size CA filters [20], but
they also increase the level of contaminating bacteria. For that
reason, our laboratory had chosen the 0.45-CA filter years
ago. In 2013, Nielsen et al. compared polycarbonate (PC)
0.6-μm pore size filters and CA 0.65-μm pore size filters
and found that C. concisus was significantly more isolated
using the PC filter with a smaller pass through of commensal-
ly fecal flora [21].

In this work, we report the results of a three-step study
comparing two types of agar plates, two types of filters, and
the presence of H2 in order to optimize FM from a routine
laboratory perspective.

Materials and method

Part I: optimization of the agar medium

From July to September 2014, stool samples referred to our
clinical laboratory for Campylobacter culture were system-
atically tested using a selective Butzler’s medium [22]
(Thermo Fisher Scientific, Erembodegem, Belgium) incubat-
ed at 42 °C in a microaerobic atmosphere (CO2 10%, O2

5%, H2 0%) during 48 h according to Vandenberg et al.
[12], and FM was performed as described by Lopez [23].
Stool samples were diluted 1:5 in Brucella broth and incu-
bated for 30 min at 37 °C in normal atmosphere. The
0.45-μm pore size CA filters (Porafil, Duren, Germany) (re-
ferred as B0.45-CA filter^) were placed on two non-selective
media: Mueller–Hinton agar containing 5% sheep blood
(Thermo Fisher Scientific, Erembodegem, Belgium) and
Columbia agar containing 5% sheep blood (Becton–
Dickinson, Erembodegem, Belgium). Eight drops of the fe-
cal suspension were placed on top of the membrane and
allowed to filter passively for 30 min at 37 °C in normal
atmosphere. This procedure was repeated a second time.
After filtration, filters were removed. Plates were incubated
at 37 °C in a microaerobic atmosphere for 10 days. Colonies
suspected to be Epsilobacteriaceae were identified by
MALDI-TOF MS using the Microflex LT and the IVD 2.2
Biotyper database (Bruker, Bremen, Germany).
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Part II: optimization of the pore size filters

In the month of July 2016, stool samples were tested using the
Butzler medium and FM on Columbia medium containing 5%
sheep blood using 0.45-CA filters and 0.60-μm pore size PC
filters (Nuclepore™, Whatman, Kent, UK) (referred as B0.6-PC
filter^). Plates were incubated in the same conditions as de-
scribed in part I. Once a suspected colonywas detected, the plate
was placed in a jar with an H2-enriched microaerobic atmo-
sphere (80% N2—7% CO2—6% O2—7% H2) until the colony
was large enough to be identified by MALDI-TOF MS.

Part III: optimization of the atmosphere

In the month of January 2018, stool samples were tested with
0.6-PC filter, as described for July 2016, but incubation was
done in two distinct ways. For each stool sample, one plate
was incubated as described for July 2016 and another one was
directly placed in a jar with an H2enriched microaerobic at-
mosphere (80% N2—7% CO2—6% O2—7% H2) to compare
the number of positive specimen and rapidity of growth with
and without H2.

Statistics were calculated using computer software EpiInfo7
version 7.2.1.0, p values were calculated using McNemar test,
andχ2 to compare the numbers ofEpsilobactericeae obtained in
each group of the three parts of the study.

Results

Among the 1146 stool samples tested during part I, 72 sam-
ples were positive by culture (6.3%) on at least one of the three
media. Table 1 shows Epsilobacteriaceae identified in 1146

stool cultures according to culture method used: C. jejuni was
the most frequently isolated species (n = 58, 80.5%) followed
by C. concisus (n = 5, 6.9%).

Of the positive samples that showed no growth on the
Butzler medium (n = 22), Epsilobacteriaceae growth was im-
proved when using the Columbia (21 strains) instead of the
Mueller–Hinton medium (11 strains) (McNemar, p < 0.05).

During the second part of the study, 718 stool samples were
tested. Ninety-three stool cultures were positive (12.9%)with one
(n = 90) or two (n = 3) different species of Epsilobacteriaceae
isolated. Table 2 showsEpsilobacteriaceae identified in 718 stool
cultures according to culture methods used: C. concisus was the
most frequently isolated Epsilobacteriaceae (44/96, 45.8%),
followed by C. jejuni (37/96, 38.5%).

Ninety-one strains grew with the FM, of which 57 were
only recovered using FM. All but one grew with the 0.6-PC
filter (90/91), only 44 grew with the 0.45-CA filter
(McNemar, p < 0.05). Species-wise, only C. concisus and
C. jejuni were statistically significantly more isolated with
the 0.6-PC compared to the 0.45-CA filter. When both were
positive, the mean time-to-detection with the 0.6-PC filter was
3.41 days (median 3 days) and 3.67 days (median 3 days) with
the 0.45-CA filter. Strain identification resulted in 158
MALDI-TOF analysis for the 0.6-PC filters and 44 for the
0.45-CA filters. The number of plates contaminated with com-
mensal flora after 10 days of culture was 18.4% (132/718) for
the 0.6-PC filters and 10.2% (73/718) for the 0.45-CA filters
(McNemar, p < 0.05).

Thirty-four strains grew on both Butzler and 0.6-PC filter;
the mean time-to-growth and time-to-identification on
Butzler’s medium was 1 day (median = 1), compared to
2.65 days (median = 2) for the 0.6-PC filter. Five strains grew
on the Butzler medium only.

In the third part of the study, 578 stools were cultured for
Epsilobacteriaceae using Butzler’s medium and by two FM
using two different atmospheres (with orwithout 7%H2). In total,
99 Epsilobacteriaceae grew on one of the three media (98/578
stool sample positive, 17.0%). Among the positive stool samples,
C. concisus was the most frequently isolated Epsilobacteriaceae
(60/98, 61.2%), followed by C. jejuni (19/98, 19.4%). Table 3
shows the distribution ofEpsilobacteriaceae identified in the 578
stool cultures according to culture method used. Enriched H2

atmosphere significantly increased the recovery of
Epsilobacteriaceae compared to atmosphere without H2 (90/99,
90.9%, and 72/99, 72.7%, respectively: McNemar p< 0.05), no-
tably for C. concisus (45/60 vs. 55/60, p< 0.05), C. ureolyticus
(3/9 vs. 8/9, p< 0.05), and C. curvus (4/7 vs. 6/7, p< 0.5). The
median time-to-growth and time-to-identification was 4 days
(min 2, max 12) and 6 days (min 2, max 14), respectively, for
cultures incubated without H2. The presence of H2 allowed to
remove the time interval between growth and identification, with
an identical median time-to-event of 3 days (min 2, max 7) for
both growth and identification.

Table 1 Epsilobacteriaceae identified in 1146 stool cultures according
to culture method used, with comparison of two agar types for the
filtration method. Numbers between brackets are strains that did not
grow on Butzler’s media. (Part I of the study)

All agar Butzler MHa Colb

Campylobacter jejuni 58 (10) 48 37 (6) 39 (9)

Campylobacter concisus 5 (5) 0 1 (1) 5 (5)

Helicobacter pullorum 4 (4) 0 2 (2) 4 (4)

Campylobacter coli 2 (0) 2 1 (0) 1 (0)

Campylobacter upsaliensis 2 (2) 0 1 (1) 2 (2)

Campylobacter curvus 1 (1) 0 1 (1) 1 (1)

Total 72 (22) 50 43 (11) 52 (21)

Incubation at 37 °C in a microaerobic atmosphere
a filtration method performed on Mueller Hinton agar containing 5%
sheep blood
b filtration method performed on Columbia agar containing 5% sheep
blood
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Discussion

Our work shows that COJC are missed when culturing stool
samples onto a selective medium only (from 30.6 to 82.8%
according to our results). The three-step improvement in-
creased Epsilobacteriaceae positivity rates from 5.2% (61/
1146) to 17.0% (98/578). Columbia agar containing 5% sheep
blood with 0.6-PC filters incubated in H2-containing atmo-
sphere was the best combination of all the tested FM varia-
tions in terms of optimization of COJC culture from human
stools, confirming results from previous studies using the
same 0.6-PC filter [7, 21] and H2 atmosphere [7, 11, 24].
Columbia media was confirmed as a good medium for
Campylobacter sp. growth [18].

Although CA filters have been used in most studies about
FM, PC filters are better for the isolation of C. concisus, as
shown in this study and by others [7, 21]. Our study is never-
theless limited by the fact that filter modifications were done
on two parameters at the same time, pore size and filter type.
Nielsen et al. suggested that the difference between PC and
CA could be linked to the surface of the filters: the smoother
surface of the PC and its consistent pore size being more
efficient than the rough surface of the CA that could entrap

particles leading to an inferior penetration of the motile
Epsilobacteriaceae [21].

For historical reason [22] and ease of use according to the
laboratory technologists, the selective medium used in our
laboratory is the Butzler medium, which is infrequently used
in other microbiology laboratories where more common me-
dia, like CCDA [25], are preferred.

Another limitation is that we did not test different H2 con-
centrations in our incubator; the only test was without H2 and
with 7% H2. Lastovica et al. reported higher Campylobacter
sp. positivity rate (21%) with increased (40%) H2 concentra-
tion, but our positivity rate (17%) is quite similar, using our
three-step improvement [26]. The high H2 percentage is one
of the key elements of the BCape Town protocol^, with gen-
erated H2 concentration greater than 40% [26], which is quite
elevated compared to the 3–7% H2 used in other studies [3,
27]. We, probably like other investigators, were concerned
about safety issues associated to such a high proportion of
flammable gas in the growth atmosphere of the laboratory.

Our combination added-value was mainly related to non-
thermophilic campylobacters, such as C. concisus (1/1146 with
0.45-CA filter, MH agar and no H2 vs. 55/578 with 0.60-
PC filter, Columbia agar and 7% H2, p < 0.05), which role as

Table 2 Epsilobacteriaceae
identified in 718 stool cultures
according to culture method used,
with comparison of two filter
types for the filtration method.
Numbers between brackets are
strains that did not grow on
Butzler’s media. (Part II of the
study)

All techniques Butzler Filter 0.6-PCa Filter 0.45-CAb

Campylobacter concisus 44 (44) 0 44 (44) 10 (10)

Campylobacter jejuni 37 (3) 34 35 (3) 28 (1)

Campylobacter coli 7 (2) 5 4 (2) 3 (1)

Campylobacter curvus 6 (6) 0 5 (5) 2 (2)

Campylobacter upsaliensis 1 (1) 0 1 (1) 1 (1)

Arcobacter butzleri 1 (1) 0 1 (1) 0 (0)

Total 96 (57) 39 90 (56) 44 (15)

Incubation at 37 °C in a microaerobic atmosphere, if suspected colony detected: plate placed in a jar with an H2-
enriched microaerobic atmosphere (80% N2—7% CO2—6% O2—7% H2)
a Columbia agar containing 5% sheep blood and 0.60-μm pore size polycarbonate filters
b Columbia agar containing 5% sheep blood and 0.45-μm pore size cellulose acetate filters

Table 3 Epsilobacteriaceae
identified in 578 stool cultures
according to culture method used,
with comparison of two incubator
atmosphere (with or without 7%
H2). (Part III of the study)

All Butzler FMa with H2 FMa without H2

Campylobacter concisus 60 0 55 45

Campylobacter jejuni 19 17 17 16

Campylobacter ureolyticus 9 0 8 3

Campylobacter curvus 7 0 6 4

Campylobacter fetus 2 0 2 2

Campylobacter sp. 1 0 1 1

Campylobacter upsaliensis 1 0 1 1

Total 99 17 90 72

Incubation at 37 °C in a microaerobic atmosphere or plate directly placed in a jar with an H2-enriched
microaerobic atmosphere (80% N2—7% CO2—6% O2—7% H2)
aFM filtration method
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an emergent pathogen is discussed and actively studied [3, 7].
The debate on this topic is not closed, but we need reliable tools
to obtain a clear and satisfactory answer in the years to come.

C. jejuni is considered the most frequently encountered
Campylobacter spp. but was outdriven by C. concisus in our
study, given the performance of the 0.60-PC filters and the H2

atmosphere, as previously reported [7, 11, 21, 24]. However,
the use of both a selective culture and FM was shown to
increase the recovery of C. jejuni and C. coli too [12]. But
the choice of the selective medium, Butzler vs. mCCDA,
could influence that result too [9].

The accuracy of MALDI-TOFMS and its short turnaround
time compared to other identification techniques was previ-
ously shown [28]. The routine use of MALDI-TOFMS in our
laboratory was of great support in analyzing the multiple col-
onies isolated, considering that the contamination of the agar
plate by commensal flora was more important with the 0.60-
PC filter than with the 0.45-CA filter, as expected. Beside its
speed, the small quantity of bacteria required for the MALDI-
TOF MS analysis was another advantage of this technology,
especially for Campylobacter spp. that grow slowly to form
small colonies. Still, in the study phases before H2 use, a time
laps remained between growth and identification. H2 allowed
colonies to grow better and be immediately identified by
MALDI-TOF MS with a median time of only 3 days (min 2,
max 7 days) between plating and identification.

The improved FM significantly overloaded the laboratory,
due to the increased number of positive stool cultures for
COJC. Given the above, we decided to review our reading
procedure to only look at the incubated plates on days 2 and
5 postplating, rather than every day from days 2 to 10.We also
elected to discard the culture after day 5 instead of day 10 (in
part III of the study, only 1 of 97 positive took 7 days to grow;
the 96 others took 5 days or less). This led to a significant
reduction of the workload, despite a frank increase in the
number of Epsilobacteriaceae isolated.

This work highlights the importance of the diagnostic meth-
od used when comparing Campylobacter sp. rate found in dif-
ferent studies across the world; geography is not the only vari-
able, considering that a change in filter could almost double the
Campylobacter sp. positivity rate [26]. In the context of studies
of the pathogenic role of Campylobacter spp., National
Reference Centers should use the most accurate tools to isolate
them, using a standardized protocol, allowing to compare prev-
alence between studies, places, and over time. Currently, varia-
tions in prevalence are probably due more to variants in diag-
nostic methods than to differences in epidemiology [26].

Conclusion

Standardization and optimization of COJC growth conditions
are needed to warrant improvement in the diagnosis and

epidemiological understanding of campylobacteriosis. This
work confirms the importance of the FM, preferably onto a
Columbia containing 5% sheep blood medium with 0.60-PC
filters in an atmosphere enriched with H2 (7%), in addition to
the conventional culture onto selective medium.

Acknowledgments This workwas supported by The Belgian Kids’ Fund
for Pediatric Research.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed were in accordance with the
ethical standards of our institutional research committee.

Informed consent Data were totally anonymized before analysis, no
consent had to be obtained considering the methodology of the present
work.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

References

1. World Health Organization, (2012) Food and Agriculture
Organization of the United Nations & World Organisation for
Animal Health. The global view of campylobacteriosis: report of
an expert consultation, Utrecht, Netherlands, 9–11 July 2012.
World Health Organization. http://www.who.int/iris/handle/
10665/80751. Accessed Nov 2016

2. EFSA (European Food Safety Authority), ECDC (European Centre
for Disease Prevention and Control) (2015) The European Union
summary report on trends and sources of zoonoses, zoonotic agents
and food-borne outbreaks in 2014. EFSA J 13(4329):1–191. https://
doi.org/10.2903/j.efsa.2015.4329

3. Man SM (2011) The clinical importance of emerging
Campylobacter species. Nat Rev Gastroenterol Hepatol 8:669–
685. https://doi.org/10.1038/nrgastro.2011.191

4. Sibanda N, McKenna A, Richmond A, Ricke SC, Callaway T,
Stratakos AC et al (2018) A review of the effect of management
practices on Campylobacter prevalence in poultry farms. Front
Microbiol 9:2002. https://doi.org/10.3389/fmicb.2018.02002

5. Debruyne L, Gevers D, Vandamme P (2008) Chapter 1: taxonomy
of the family Campylobacteraceae. In: Campylobacter. ASM Press.
p. 5–25

6. Kaakoush NO, Castaño-Rodríguez N, Mitchell HM, Man SM
(2015) Global epidemiology of Campylobacter infection. Clin
Microbiol Rev 28:687–720. https://doi.org/10.1128/CMR.00006-
15

7. Nachamkin I, Nguyen P (2017) Isolation of Campylobacter species
from stool samples by use of a filtration method: assessment from a
United States-based population. J Clin Microbiol 55:2204–2207.
https://doi.org/10.1128/JCM.00332-17

8. Liu F, Ma R, Wang Y, Zhang L (2018) The clinical importance of
Campylobacter concisus and other human hosted Campylobacter
species. Front Cell Infect Microbiol 8:243. https://doi.org/10.3389/
fcimb.2018.00243

9. Nielsen HL, Ejlertsen T, Nielsen H (2015) Polycarbonate filtration
technique is noninferior to mCCDA for isolation of Campylobacter

Eur J Clin Microbiol Infect Dis (2019) 38:859–864 863

http://www.who.int/iris/handle/10665/80751
http://www.who.int/iris/handle/10665/80751
https://doi.org/10.2903/j.efsa.2015.4329
https://doi.org/10.2903/j.efsa.2015.4329
https://doi.org/10.1038/nrgastro.2011.191
https://doi.org/10.3389/fmicb.2018.02002
https://doi.org/10.1128/CMR.00006-15
https://doi.org/10.1128/CMR.00006-15
https://doi.org/10.1128/JCM.00332-17
https://doi.org/10.3389/fcimb.2018.00243
https://doi.org/10.3389/fcimb.2018.00243


species from stool samples. Diagn Microbiol Infect Dis 83:11–12.
https://doi.org/10.1016/j.diagmicrobio.2015.05.008

10. Butzler J-P (2004) Campylobacter, from obscurity to celebrity. Clin
Microbiol Infect 10:868–876. https://doi.org/10.1111/j.1469-0691.
2004.00983.x

11. Lastovica AJ (2006) Emerging Campylobacter spp.: the tip of the
iceberg. Clin Microbiol Newsl 28:49–56. https://doi.org/10.1016/j.
clinmicnews.2006.03.004

12. Vandenberg O, Dediste A, Houf K, Ibekwem S, Souayah H,
Cadranel S et al (2004) Arcobacter species in humans. Emerg
Infect Dis 10:1863–1867. https://doi.org/10.3201/eid1010.040241

13. Fitzgerald C, Whichard J, Nachamkin I (2008) Chapter 12: diagno-
sis and antimicrobial susceptibility of Campylobacter species. In:
Campylobacter. ASM Press. p. 227–43

14. Moore JE (2000) Comparison of basal broth media for the optimal
laboratory recovery of Campylobacter jejuni and Campylobacter
coli. Ir J Med Sci 169:187–189

15. Lynch OA, Cagney C, McDowell DA, Duffy G (2010) A method
for the growth and recovery of 17 species of Campylobacter and its
subsequent application to inoculated beef. J Microbiol Methods 83:
1–7. https://doi.org/10.1016/j.mimet.2010.06.003

16. Bovill RA, Mackey BM (1997) Resuscitation of Bnon-culturable^
cells from aged cultures of Campylobacter jejuni. Microbiol Read
Engl 143(Pt 5):1575–1581. https://doi.org/10.1099/00221287-143-
5-1575

17. Ng LK, Stiles ME, Taylor DE (1985) Comparison of basal media
for culturing Campylobacter jejuni and Campylobacter coli. J Clin
Microbiol 21:226–230

18. Hsieh Y-H, Simpson S, Kerdahi K, Sulaiman IM (2018) A compar-
ative evaluation study of growth conditions for culturing the isolates
of Campylobacter spp. CurrMicrobiol 75:71–78. https://doi.org/10.
1007/s00284-017-1351-6

19. Dekeyser P, Gossuin-Detrain M, Butzler JP, Sternon J (1972) Acute
enteritis due to related vibrio: first positive stool cultures. J Infect
Dis 125:390–392

20. Speegle L, Miller ME, Backert S, Oyarzabal OA (2009) Use of
cellulose filters to isolate Campylobacter spp. from naturally con-
taminated retail broiler meat. J Food Prot 72:2592–2596

21. Nielsen HL, Engberg J, Ejlertsen T, Nielsen H (2013) Comparison
of polycarbonate and cellulose acetate membrane filters for isola-
tion of Campylobacter concisus from stool samples. Diagn
Microbiol Infect Dis 76:549–550. https://doi.org/10.1016/j.
diagmicrobio.2013.05.002

22. Goossens H, De Boeck M, Butzler JP (1983) A new selective me-
dium for the isolation of Campylobacter jejuni from human faeces.
Eur J Clin Microbiol 2:389–393

23. López L, Castillo FJ, Clavel A, RubioMC (1998) Use of a selective
medium and a membrane filter method for isolation of
Campylobacter species from Spanish paediatric patients. Eur J
Clin Microbiol Infect Dis 17:489–492

24. Casanova C, Schweiger A, von Steiger N, Droz S, Marschall J
(2015) Campylobacter concisus pseudo-outbreak caused by im-
proved culture conditions. J Clin Microbiol 53:660–662. https://
doi.org/10.1128/JCM.02608-14

25. Humphries RM, Linscott AJ (2015) Laboratory diagnosis of bacte-
rial gastroenteritis. Clin Microbiol Rev 28:3–31. https://doi.org/10.
1128/CMR.00073-14

26. Lastovica AJ, le Roux E (2000) Efficient isolation of
Campylobacteria from stools. J Clin Microbiol 38:2798–2799

27. Engberg J, On SL, Harrington CS, Gerner-Smidt P (2000)
Prevalence of Campylobacter, Arcobacter, Helicobacter, and
Sutterella spp. in human fecal samples as estimated by a reevalua-
tion of isolation methods for campylobacters. J Clin Microbiol 38:
286–291

28. Martiny D, Dediste A, Debruyne L, Vlaes L, Haddou NB,
Vandamme P et al (2011) Accuracy of the API Campy system,
the Vitek 2 Neisseria-Haemophilus card and matrix-assisted laser
desorption ionization time-of-flight mass spectrometry for the iden-
tification of campylobacter and related organisms. Clin Microbiol
Infect 17:1001–1006. https://doi.org/10.1111/j.1469-0691.2010.
03328.x

864 Eur J Clin Microbiol Infect Dis (2019) 38:859–864

https://doi.org/10.1016/j.diagmicrobio.2015.05.008
https://doi.org/10.1111/j.1469-0691.2004.00983.x
https://doi.org/10.1111/j.1469-0691.2004.00983.x
https://doi.org/10.1016/j.clinmicnews.2006.03.004
https://doi.org/10.1016/j.clinmicnews.2006.03.004
https://doi.org/10.3201/eid1010.040241
https://doi.org/10.1016/j.mimet.2010.06.003
https://doi.org/10.1099/00221287-143-5-1575
https://doi.org/10.1099/00221287-143-5-1575
https://doi.org/10.1007/s00284-017-1351-6
https://doi.org/10.1007/s00284-017-1351-6
https://doi.org/10.1016/j.diagmicrobio.2013.05.002
https://doi.org/10.1016/j.diagmicrobio.2013.05.002
https://doi.org/10.1128/JCM.02608-14
https://doi.org/10.1128/JCM.02608-14
https://doi.org/10.1128/CMR.00073-14
https://doi.org/10.1128/CMR.00073-14
https://doi.org/10.1111/j.1469-0691.2010.03328.x
https://doi.org/10.1111/j.1469-0691.2010.03328.x

	Multi-step optimization of the filtration method for the isolation of Campylobacter species from stool samples
	Abstract
	Introduction
	Materials and method
	Part I: optimization of the agar medium
	Part II: optimization of the pore size filters
	Part III: optimization of the atmosphere

	Results
	Discussion
	Conclusion
	References


