Original article

European Journal of Microbiology and Immunology 5 (2015) 1
DOI: 10.1556/EuJMI-D-15-00001

IDENTIFICATION OF NASAL COLONIZATION WITH B-LACTAMASE-
PRODUCING ENTEROBACTERIACEAE IN PATIENTS, HEALTH CARE
WORKERS AND STUDENTS IN MADAGASCAR

Volker Micheel', Benedikt Hogan’, Rivo Andry Rakotoarivelo®, Raphael Rakotozandrindrainy*,
Fetra Razafimanatsoa®, Tsiriniaina Razafindrabe*, Jean Philibert Rakotondrainiarivelo®, Sabine Crusius®,
Sven Poppert’, Norbert Georg Schwarz?, Jiirgen May”, Hagen Frickmann'**** and Ralf Matthias Hagen'"

! Department of Tropical Medicine at the Bernhard Nocht Institute, German Armed Forces Hospital of Hamburg, Germany
2 Infectious Disease Epidemiology Department, Bernhard Nocht Institute for Tropical Medicine Hamburg, Germany

3 Infectious Disease Department, University Hospital Joseph Raseta de Befelatanana, Antananarivo, Madagascar

4 Department of Microbiology and Parasitology, University of Antananarivo, Madagascar

5 Laboratory Department, University Hospital Joseph Raseta de Befelatanana, Antananarivo, Madagascar

®TInstitute for Microbiology, Virology and Hygiene, University Hospital Rostock, Germany

"Institute for Medical Microbiology, Justus-Liebig-University Giessen, Germany

Received: Januar 2, 2015; Accepted: Januar 7, 2015

This study assesses the nasal occurrence of f-lactamase-producing Enterobacteriaceae both in patients in a hospital department
of infectious diseases at admission and in healthy Madagascan students and health care workers.

Nasal swabs from 681 students, 824 health care workers, and 169 patients were obtained in Antananarivo, Madagascar, and trans-
ferred to Germany. Screening for B-lactamase (ESBL, ampC) producing Enterobacteriaceae was performed by cultural and mo-
lecular approaches, comprising Brilliance ESBL agar, E-testing, ABCD-testing, and commercial hyplex ESBL and SuperBug ID

PCR.

Regarding ESBL-positive strains and strains with resistance against at least three out of the four tested bactericidal antibiotic
drugs, 0.3% (five out of 1541) of the students and health care workers group showed nasal colonization, whereas colonization was
observed in 7.1% (12 out of 169) of the hospitalized patients at admission. No appreciably reduced detection rates after sample stor-

age and intercontinental transport were observed.

A considerable proportion of nasal colonization with cephalosporin-resistant Enterobacteriaceae was demonstrated in Madagas-
can hospital patients at admission, posing a risk of developing future endogenous infections. The nasal colonization of healthy indi-
viduals was negligible. Good storage and transport stability of Enterobacteriaceae will allow for future studies even in areas diffi-

cult to access.
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Introduction

The increasing resistance of bacterial pathogens to an-
timicrobial drugs is a major public-health menace fac-
ing this century that does not spare tropical countries.
In particular, extended-spectrum B-lactamase (ESBL)-
positive Enterobacteriaceae are known to be preva-
lent in Madagascan hospital patients [1-4], includ-
ing populations at particular risks such as newborns

[1]. ESBL expression causes increased resistance to
penicillins and cephalosporins, driven by a variety of
molecular mechanisms [5, 6]. Among known mecha-
nisms, blacry,, expression (CTX = resistance to the
WHO-listed antibiotic drug ceftriaxone, M = Munich,
Germany, as the site of first description) is the most
prevalent one in Madagascar, being detected in three
out of four Madagascan ESBL-positive Enterobacteria-
ceae [4].
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So far, little is known about the occurrence of ESBL-
positive strains as colonizers in the healthy Madagas-
can population. We therefore performed a screening for
ESBL strains as colonizers of the nasal vestibulum in re-
lation to the total nasal colonization with Gram-negative
rod-shaped bacteria. In the authors’ own experience, na-
sal colonization with Enterobacteriaceae is frequent in
resource-limited tropical countries, presumably due to
limited access to facilities with adequate sanitary hygiene
[7], although the gut is the major site of enterobacterial
colonization. In an Israeli study, ESBL colonization of
the upper airways was lower than colonization of the gut
by a factor of 3—4 [8]. However, stool samples are much
more difficult to obtain, particularly from healthy volun-
teers. In a previous Madagascan study using fresh stool
samples, only patients from outpatient departments were
included [3]. For these reasons, we chose to analyze the
lower-yielding but more easily obtained nasal swabs to
make adherence to the study protocol more likely. In a
population with frequent nasal colonization with Gram-
negative rod-shaped bacteria, even analyses from such
atypical localizations might provide hints regarding the
dimension of ESBL colonization if sampling from the gut
or the inguinal region is difficult for logistic and socio-
cultural reasons.

The primary focus of the analysis was nasal colo-
nization with ESBL-positive strains both in apparently
healthy Madagascan students and health care workers
and in a small group of hospital patients at admission to
hospital without risk of nosocomial transmission. The
study’s secondary objective was to assess the stability
of ESBL-positive Enterobacteriaceaec during storage
and transport in the tropical setting. Such information
is of importance in estimating the reliability of culture-
based diagnostic results if an immediate cultural assess-
ment is not possible and samples have to be transported
over large distances to an appropriate laboratory facil-

1ty.

Material and methods
Study population
Healthy volunteers

Nasal swabs (Amies w/o Ch, Copan Italia SpA, Brescia,
Italy) from the nasal vestibulum were obtained from a
group of 1541 healthy volunteers comprising students and
health care workers from Antananarivo, Madagascar, and
the nearby surroundings. There were no exclusion criteria.
A total of 824 participants were health care workers (in-
cluding students working in a hospital) (Fig. 1). All vol-
unteers were asked to complete questionnaires to provide
information on age, gender, residence, accommodation in
a student hostel, study subject for students, job details for
hospital workers, current or chronic diseases, recent hospi-
tal stays, and intake of antibiotics, as well as contacts with
diseased persons or animals. Completed questionnaires
were returned by 1505 of the volunteers. Age information
was included in 1493 questionnaires; the median age was
23 years, ranging from 13 to 67 years. Gender information
was provided in 1504 questionnaires; 66% of the partici-
pants were female.

Hospital patients

Nasal swabs were also collected from 169 patients from
the Department of Infectious Diseases of the University
Hospital Joseph Raseta de Befelatanana, Antananarivo,
Madagascar directly at admission (Fig. 1). During the
6-month-sampling period, only patients with recent stays
in intensive care units were excluded from the study. All
other patients admitted were included. No samples were
obtained from outpatient departments. All included pa-
tients completed a questionnaire to provide information
on age, gender, residence, hospitalization, and intake of
antibiotics during the previous 6 months, types of antibiot-

Total Participants
n=1710

Patients On Admission
n=169

Students and Health Care Workers

n=1541

Y

Health Care Workers
n=3824

Fig. 1. Study populations. Two groups were analyzed, one comprising students and
health care workers, the other comprising hospital patients at admission
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ics used, chronic diseases, and professional contact with
animals (Fig. 1). The median age was 34 years, ranging
from 15 to 84 years; 41% of the patients were female.

Laboratory procedures
Screening for ESBL-positive Enterobacteriaceae

After sampling, the swabs were transferred to the labora-
tory, where they were stored at 4 °C. The storage and trans-
port time ranged from 0 to 841 h (median: 53 h), depend-
ing on the geographical site of sampling. For nine samples,
the transport time exceeded 300 h for logistical reasons.
For 43 samples, the storage and transport time could not
be documented.

After storage intervals ranging from 2 weeks to 4
months, several batches of 20 to 400 samples were trans-
ported by air to Hamburg, Germany. After arrival, all
swabs were incubated in unselective thioglycolate enrich-
ment broth (Heipha, Eppelheim, Germany) at 37 °C for
16-24 h to obtain maximum yields. Broth enrichment is
known to double the yield of ESBL-expressing bacteria
after swabbing in upper respiratory tract samples [9]. Af-
ter broth enrichment, 10 pl of the incubated broths were
cultured on nonselective Columbia agar enriched with 5%
sheep blood (Oxoid, Basingstoke, UK), on MacConkey
IT agar (Becton Dickinson, Franklin Lakes, New Jersey,
USA), which is selective for Gram-negative rod-shaped
bacteria, and on Brilliance ESBL selective agar (Oxoid,
Basingstoke, UK), which is made for selective growth of
ESBL-positive Enterobacteriaceae. The sensitivity of the
ESBL agar is 94.9-97.9%, and the specificity, 95.7-100%
[10, 11]. Agar plates were incubated at 37 °C for 40-48 h.

For all samples, growth of Gram-negative rod-shaped
bacteria on MacConkey II agar was assessed without fur-
ther differentiation. From Brilliance ESBL selective agar,
all colonies that looked suspicious for Enterobacteriaceae
(blue, green, brown colonies) were isolated for further
investigations. From colonies that looked suspicious for
Gram-negative nonfermentative rod-shaped bacteria (i.e.,
yellow or yellowish-brown or greenish-brown colonies),
a subset of 14 out of 194 strains was representatively
analyzed. All isolated colonies were stored at —80 °C in
Microbank™ tubes (Pro-Lab Diagnostics, Bromborough,
UK).

Testing of storage and transport stability of ESBL strains

For logistic reasons, two different approaches were chosen
to assess the storage and transport stability of ESBL strains
from sampling in Madagascar to analysis in Germany.
For the patient subgroup at the University Hospital Jo-
seph Raseta de Befelatanana, Antananarivo, swabs were
immediately smeared on Brilliance ESBL agar after sam-
pling and prior to storage and transport. The agar plates
were incubated at 37 °C for 48 h in the University Hos-
pital Laboratory. Colonies on Brilliance ESBL agar that

looked suspicious for Enterobacteriaceae were isolated
and shipped to Germany in addition to the swabs for fur-
ther investigations.

For the subgroup of healthy students and health care
workers, immediate analysis on Brilliance ESBL agar in
Madagascar was impossible for logistic reasons. There-
fore, commercial hyplex ESBL ID PCR (amPLEX, Gies-
sen, Germany) targeting bla.ry,, as the most frequent
ESBL resistance mechanism in Madagascar [4] was ap-
plied to the swabs of a subset of 251 samples in Hamburg
according to the manufacturer’s instructions. As well as
blagry.y [6], the hyplex ESBL kit also targets B-lactamases
of the bla;g- and blag,,~types [5] as well as the blagy, ,
carbapenemase in a consensus approach, though with-
out specificity for the expression of an ESBL phenotype.
Positive signals of the blacy -PCR were correlated with
cultural results on Brilliance ESBL agar, and positive sig-
nals of the B-lactamase consensus PCR, with the general
growth of Enterobacteriaceae on MacConkey II agar.

Assessment of isolated strains

The strains isolated from Brilliance ESBL agar were iden-
tified by 16S rRNA gene sequencing and matrix-assisted
laser-desorption—ionization time-of-flight mass spectrom-
etry (MALDI-TOF-MS). A previously described 16S
rRNA gene PCR targeting an 817-base-pair fragment was
used [12—14]. Sequencing results were interpreted using
the CLSI (Clinical and Laboratory Standards Institute)
guideline MM18-A “Interpretive Criteria for Identifica-
tion of Bacteria and Fungi by DNA Target Sequencing;
Approved Guideline” [15] as detailed [16]. MALDI-
TOF-MS analysis was performed using a Shimadzu/Kra-
tos “AXIMA Assurance” MALDI-TOF mass spectrom-
eter (Shimadzu Germany Ltd., Duisburg, Germany) as
described [14] with a minor modification. The databases
Myla (version 3.2.0-6) and Saramis (version A2012/10
161150-219) were used for automated identification of the
strains.

As well as Brilliance ESBL agar screening, the pres-
ence of ESBL- or AmpC-type resistance was confirmed or
excluded by the commercial ABCD test kit Mast ID D68C
(Mast Diagnostic, Amlens, France) as described by the
manufacturer and others [17]. In addition, resistance testing
was performed via E-tests (BioMerieux, Marcy-I’Etoile,
France) for piperacillin, ceftazidime, ciprofloxacin, and
meropenem as representatives of the four important bacte-
ricidal antibiotic substance groups of penicillins, cephalo-
sporins, fluoroquinolones, and carbapenems, respectively.
E-test results were interpreted as sensitive, intermediate
sensitive, and resistant in accordance with the EUCAST
guideline (version 4.0, 2014, http://www.eucast.org/filead-
min/src/media/PDFs/EUCAST _files/Breakpoint tables/
Breakpoint table v 4.0.pdf). Multidrug resistance was
accepted if <1 of the four substances tested sensitive in ac-
cordance with German national guidelines [18].

All strains isolated from the ESBL agar were ana-
lyzed using hyplex ESBL ID PCR (amPLEX, Giessen,
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Germany) as described by the manufacturer. Strains that
tested intermediate sensitive or resistant for meropenem
were additionally assessed using hypex SuperBug ID PCR
(amPLEX) [19] targeting the carbapenemase genes bla,,,,,
blayyp, blaypc, blagya 45, and blayp,, ; according to the man-
ufacturer’s instructions.

Analysis

Absolute occurrence as well as occurrence as a percentage
of potential risk factors from the questionnaires was de-
scriptively compared in study participants with and with-
out proof of ESBL-positive strains and multidrug-resis-
tant Enterobacteriaceae. Relative risks were assessed for
nonnumeric parameters. The age of the study participant
groups with and without proof of ESBL-positive strains
and multidrug-resistant Enterobacteriaceae was compared
using nonparametric Mann-Whitney testing.

To reduce the risk of a bias due to die-off of bacteria
from inappropriately handled swabs, only samples show-
ing Gram-negative growth on MacConkey II agar were
included in this assessment.

Ethical clearance

The study complied with the principles of the Helsinki
Declaration of 1975 and with all subsequent amendments
by the World Medical Assembly. All study participants
provided written informed consent for the sampling. If mi-
nors/children were enrolled in the study, written informed
consent of the next to kin, caretakers, or guardians were
obtained. Ethical clearance was obtained from the Ethical
Committee of the Ministry of Health of the Republic of
Madagascar.

Results
Screening results after broth enrichment

Of 1541 samples obtained from students and health care
workers, Gram-negative rod-shaped bacteria grew on
MacConkey II agar from 816 samples and enterobacte-
rial growth was observed on Brilliance ESBL agar for
37 study participants. The Enterobacteriaceac detected

|1 541 Samples|

816 Gram-Negative Rod-Shaped
Bacteria On MacConkey-II-Agar

37 Enterobacteriaceae
On Brilliance ESBL Agar

—> Citrobacter amalonaticus (n=1)
——>Citrobacter freundii (n=9)
——> Enterobacter aerogenes (n=9)
— Enterobacter cloacea (n=8)
—>» Escherichia coli (n=1)

— Klebsiella pneumoniae (n=1)
—> Morganella morganii (n=2)
—> Pantoea agglomerans (n=1)
—> Pantoea dispersa (n=1)
—> Proteus vulgaris (n=1)

—> Proteus spp. (n=1)

—>Serratia marcescens (n=1)

——>Serratia spp. (n=1)

14 Non-Fermentative Rod-Shaped
Bacteria On Brilliance ESBL Agar

Ochrobactrum spp. (n=2)«—
Pseudomonas fluorescens (n=2) €«——
Pseudomonas oryzihabitans (n=5)€——

Pseudomonas putida (n=4)€——

Pseudomonas spp. (n=1) €—

Fig. 2. Screening results of the students and health care workers group after broth enrichment and

cultural growth on Brilliance ESBL agar
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Y

|169 Samples|

126 Gram-Negative Rod-Shaped
Bacteria On MacConkey-lI-Agar

13 Enterobacteriaceae
On Brilliance ESBL Agar

—> Enterobacter cloacae (n =2)
—> Morganella morganii (n = 1)

—> Pantoea agglomerans (n= 8)

—> Pantoea spp. (n=2)

1 Non-Fermentative Rod-Shaped
Bacteria On Brilliance ESBL Agar

Pseudomonas putida (n=1)€——

Fig. 3. Screening results of the patients group after broth enrichment and cultural growth on

Brilliance ESBL agar

on Brilliance ESBL agar comprised Citrobacter amalo-
naticus (n = 1), Citrobacter freundii (n = 9), Enterobacter
aerogenes (n = 9), Enterobacter cloacae (n = 8), Esch-
erichia coli (n = 1), Serratia marcescens (n = 1), Serratia
spp. (n = 1), Klebsiella pneumoniae (n = 1), Morganella
morganii (n = 2), Pantoea agglomerans (n = 1), Pantoea
dispersa (n = 1), Proteus vulgaris (n = 1), and Proteus sp.
(n = 1) as identified by 16S rRNA gene sequencing and
MALDI-TOF-MS analysis. In addition, 14 out of 194
nonfermentative Gram-negative rod-shaped bacteria were
representatively isolated and identified as Ochrobactrum
spp. (n = 2), Pseudomonas fluorescens (n = 2), Pseudo-
monas oryzihabitans (n = 5), Pseudomonas putida (n = 4),
and Pseudomonas sp. (n = 1) (Fig. 2).

Of 169 samples from hospital patients obtained at ad-
mission, 126 showed Gram-negative rod-shaped bacteria
growing on MacConkey II agar and 13 showed Enterobac-
teriaceae as well as 38 nonfermentative rod-shaped bacte-
ria on Brilliance ESBL agar. The Enterobacteriaceae from
Brilliance ESBL agar comprised Enterobacter cloacae
(n = 2), Morganella morganii (n = 1), Pantoea agglom-
erans (n = 8), and Pantoea spp. (n = 2, further discrimi-
nation failed). Of the 38 Gram-negative nonfermentative
rod-shaped bacteria on Brilliance ESBL, 1 was representa-
tively isolated and identified as P. putida (Fig. 3).

ESBL confirmation testing and resistance testing

ABCD testing by Mast ID D68C confirmed an ESBL phe-
notype in 3 out of 37 isolated Enterobacteriaceae from the
students and health care workers group and in 11 out of
13 isolates from the patients group. In addition, an AmpC
phenotype was identified in 21 Enterobacteriaceac from
the students and health care workers group and in 1 isolate
from the patients group.

Blacry., expression was identified by commercial
PCR in all 3 Enterobacteriaceae from the students and
health care workers group for which ABCD testing had in-
dicated an ESBL phenotype. For the patients group, bla..
Tx-m €Xpression was confirmed in four out of 11 isolates
with ESBL phenotype in ABCD testing. The consensus
PCR, targeting bla;g,, blag,,, blac .y, and blagy, ;, was
positive in 6 out of 37 isolates from the students and health
care workers group and in 12 out of 13 enterobacterial iso-
lates from the patients group (Table 1).

Multidrug-resistant Enterobacteriaceae were observed
in four participants of the students and health care workers
group and in 11 participants of the patients group, com-
prising two and ten ESBL-positive strains, respectively
(Table 2). Multidrug-resistant strains were not observed
among the 14 isolated nonfermentative Gram-negative rod-
shaped bacteria from the students and health care workers
group and the single isolate from the patients group.

A total of four isolates were tested intermediate sen-
sitive or resistant to meropenem, comprising one ESBL-
positive Pantoea agglomerans from the patients group and
three nonfermentative Gram-negative rod-shaped bacteria.
The latter comprised an intermediate sensitive Pseudomo-
nas putida from the patients group and two intermedi-
ate sensitive Pseudomonas putida from the students and
health care workers group. Commercial hyplex Super-
Bug ID PCR identified blagy, 44 as a genetic determinant
of carbapenem resistance in both intermediate sensitive
Pseudomonas putida from the students and health care
workers group.

Storage and transport stability

Among the samples from students and health care work-
ers, 251 swabs were analyzed for bla.;y,, and other
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Table 1. Results of ABCD-testing and ESBL-PCR

Results of ABCD testing

Results of hyplex CTX-M-type B-lactamase
PCR and consensus PCR (targeting
B-lactamase genes bla;gy,, blag,,, blasy, and
carbapenemase gene blagy, ;)

Number of Number of ESBL
isolates positive isolates

Species

Number of AMPC
positive isolates

Number of CTX-M
positive Isolates

Number of consensus
positive isolates

Students and health care workers group

Citrobacter

. 1 0 0 0 0
amalonaticus
Cltrobgcter 9 0 5 0 3
freundii
Enterobacter 9 0 7 0 0
aerogenes
Enterobacter 2 | 6 | |
cloacae
Escherichia coli 1 1 0 1 1
Kleb5|ellzf1 | | 0 | |
pneumonia
Morgan_glla ) 0 ) 0 0
morganii
Pantoea 1 0 0 0 0
agglomerans
Pantoea dispersa 1
Proteus vulgaris 1
Proteus spp. 1
Serratia | 0 0 0 0
marcescens
Serratia spp. 1 0 1 0 0
Patients group
Enterobacter ) ) 0 ) )
cloacae
Morgan_glla | 0 | 0 0
morganii
Pantoea g 7 0 ) g
agglomerans
Pantoea spp. 2 2 0 1 2

B-lactamase genes by PCR as well as cultural assessment.
Both PCR approaches led to positive signals in just one
sample, from which a bla.y \,-positive Enterobacter clo-
acae could be grown on Brilliance ESBL agar and Mac-
Conkey II agar.

Among the 169 samples from patients, concordant
culture results on Brilliant ESBL agar were observed in
three instances. From all three swabs showing enterobac-
terial growth on Brilliance ESBL agar in Antananarivo,
identical isolates were obtained by broth enrichment after
transport of the swabs to Germany. Further, broth enrich-
ment in Hamburg led to a total of ten additional Entero-
bacteriaceae on Brilliance ESBL agar that had not initially
identified in Madagascar (Table 3).

European Journal of Microbiology and Immunology

Risk factor analysis

The low number of ESBL-positive or multidrug resistant
Enterobacteriaceae in the students and health care work-
ers group (5 [0.3%]) did not allow for a sound statistical
risk factor analysis. In the hospital patients group, study
participants carrying ESBL-positive or multidrug-resistant
Enterobacteriaceae were compared with participants who
did not but who were nasal carriers of Gram-negative rod-
shaped bacteria. Study participants resident in Antanana-
rivo were less frequently colonized than patients from the
surrounding rural areas; otherwise, there was no detect-
able difference between the groups (Table 4). Colonized
patients were significantly younger (P = 0.0081, Mann—
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Table 2. Results of E-test-based resistance testing of multidrug-resistant isolates (n = 15) according to

EUCAST interpretation guidelines

Species Piperacillin Ceftazidim Meropenem Ciprofloxacin
Students and health care workers group

Citrobacter freundii R R S R
Enterobacter cloacae R R S R
Escherichia coli R R S R
Serratia marcescens R R S R
Patients group

Enterobacter cloacae R R S R
Enterobacter cloacae R R S R
Pantoea agglomerans R R R R
Pantoea agglomerans R R S R
Pantoea agglomerans R R S R
Pantoea agglomerans R R S R
Pantoea agglomerans R R S R
Pantoea agglomerans R R S R
Pantoea agglomerans R R S R
Pantoea agglomerans R R S R
Pantoea sp. R R S R

R, resistant; S, sensitive

Table 3. Culture results on Brilliance ESBL agar directly in Madagascar and after broth enrichment in Germany

Species Growth on ESBL agar in Antananarivo Growth on ESBL agar in Germany after
without broth-enrichment broth-enrichment

Enterobacter cloacae 2 2

Morganella morganii 0 1

Pantoea agglomerans 1 8

Pantoea spp. 0 2

Whitney test; mean age =+ standard deviation [SD] 26 + 8.3
years) than noncolonized patients (mean age £ SD 37.9 +
15.6 years).

Discussion

The occurrence of ESBL-positive Enterobacteriaceae
in Madagascan hospitals has been described repeatedly
[1-4]. Here, we screened healthy volunteers and patients
at admission for ESBL-positive or multidrug resistant
enterobacterial colonization in the nasal vestibulum. The
numbers of ESBL-positive or multidrug-resistant Entero-
bacteriaceae detected were respectively three and four out
of 1541 samples from students and health care workers
and 11 and 11 out of 169 patients. Cephalosporin-resistant
Enterobacteriaceae were isolated from 37 students and
health care workers and 13 hospital patients from ESBL
selective agar.

Our data suggest that the colonization of healthy
Madagascans with ESBL-positive or multidrug-resistant
Enterobacteriaceae is low. Although the nose is not the
primary site of human ESBL colonization, the observed
high nasal colonization rate of 53.0% (816 out of 1541
samples) with Gram-negative rod-shaped bacteria is in-
dicative of a low percentage of ESBL among colonizing
Enterobacteriaceae in Madagascar. Of note, analysis of
nasal ESBL colonization only makes sense if high rates of
nasal carriage of Gram-negative rod-shaped bacteria are
guaranteed. This has been described for countries with re-
stricted sanitary hygiene [7]. The low number of carriers
with ESBL-positive or multidrug-resistant colonization
did not allow for a risk factor analysis in the students and
health care workers group.

In contrast, a considerably higher rate of cephalospo-
rin-resistant Gram-negative colonization was detected in
hospital patients at admission. The quantitatively domi-
nant Pantoea spp. are phylogenetically closely related to

European Journal of Microbiology and Immunology
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Table 4. Distribution of epidemiological risk factors among carriers and noncarriers of ESBL-positive strains and/
or multidrug-resistant strains from the patients group in absolute numbers/total numbers of the group (and percent)

Risk factors Risk factor ESBL-positive or multidrug- RR
present resistant colonizing bacteria (95% CI)
Number of patients with colonization 12
Female sex Positive 10.1% (7/69) 2.0
Negative 5.3% (5/95) (0.7-6.1)
Beta-lactam antibiotic drugs during the last ~ Positive 4.9% (4/82) 0.7
6 months* Negative 7.5% (5/67) (0.2-2.3)
Any antibiotic drugs during the last Positive 6.6% (7/106) 1.4
6 months* Negative 4.7% (2/43) (0.3-6.6)
Contact with animals Positive 9.5% (4/42) 1.5
Negative 6.3% (8/127) (0.5-4.8)
Known chronic disease (not further Positive 10.6% (5/47) 1.9
specified) Negative 5.7% (7/122) (0.6-5.6)
Residence in the capital Antananarivo Positive 3.5% (4/115) 0.2
Negative 14.8% (8/54) (0.1-0.8)
Hospitalization within the last 14 days Positive 10.7% (3/28) 1.7
Negative 6.4% (9/141) (0.5-5.8)

*Data were extractable from 149 out of 169 questionnaires only

RR, relative risk

Enterobacter spp. [20] which are on rank eight of noso-
comially transmitted patient isolates [21]. Pantoea spp.
have been infrequently isolated in Madagascar [3] and can
be associated with human disease and nosocomial spread
[22-24].

Residence outside the capital Antananarivo represented
a risk factor that was frequently observed in hospitalized
carriers in association with ESBL-positive or multidrug-
resistant colonization, and colonized patients were young-
er than noncolonized ones in this descriptive, hypothesis-
forming study. The reasons remain speculative.

Our data from newly admitted patients suggest that a
considerable proportion of cephalosporin-resistant colo-
nization in Madagascan hospitals is not caused by noso-
comial transmission. Rather, endogenous colonization is
already present at the time of admission, reducing the ef-
fect of hygiene precautions for the prevention of infections
due to resistant bacteria. Potential further spread of these
agents should be kept in mind and monitored in future na-
tional surveillance programs.

Among the ESBL-positive Enterobacteriaceae, bla_
. Was frequently observed in ESBL-positive strains.
All ESBL-positive isolates from the students and health
care workers group were blacry,-positive; four out of
11 ESBL-positive strains were bla.;y -positive among
the patients. These data are in line with previous inves-
tigations [4], which reported blacry,, as accounting for
75.5% of ESBL-positive Enterobacteriaceae in Antanan-
arivo. Interestingly, the AmpC-resistance type accounted
for a considerable proportion of observed cephalosporin
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resistance as well. These preliminary findings are of clin-
ical importance regarding ceftriaxon being the antibiotic
drug of choice for initial empirical antibiotic treatment
in cases of suspected bacteremia or sepsis at the uni-
versity hospital of Antananarivo. Furthermore, cultural
demonstration of these life-threatening infections is not
available for the majority of patients because of limited
resources.

A considerable proportion (30% (15 out of 50)) of
cephalosporin-resistant Enterobacteriaceae were multi-
drug-resistant, reducing the number of therapeutic options
to fewer than two bactericidal antibiotic substance groups.
While fluoroquinolone resistance was more frequently ob-
served, lack of sensitivity to carbapenems was observed in
only one enterobacterial isolate, a Pantoea agglomerans
strain. Observed ESBL positivity of the respective strain
and negative results in hypex SuperBug ID PCR might be
compatible with porin loss or deficiency in this instance.
Diagnostic assays to confirm this hypothesis are not estab-
lished at our institutes. However, the absence of frequent
carbapenemase genes in hypex SuperBug ID PCR makes
it likely. In contrast, molecular characterization allowed
the detection of carbapenem resistance in three out of 14
colonizing Gram-negative nonfermentative rod-shaped
bacteria, two of them being Pseudomonas spp. harboring
blag,e sg-

As an interesting side effect, the study demonstrated
a high degree of storage and transport stability of Gram-
negative pathogens, facilitating future studies in resource-
limited areas with transport of samples to well-equipped
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laboratories for further sample assessment, at least if broth
enrichment can be provided.

Conclusions

The study showed a considerable proportion of nasal colo-
nization with cephalosporin-resistant Enterobacteriaceae
in Madagascan hospital patients at admission. Accord-
ingly, the risk of endogenous infections due to such agents
has to be considered. In contrast, the nasal colonization
with cephalosporin-resistant or multidrug-resistant En-
terobacteriaceae in the healthy Madagascan population is
negligibly low.
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