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CHAPTER 2

Long-term predominance of two pan-European clones among multiresistant 
Acinetobacter baumannii strains in the Czech Republic.
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In a recent study, a large proportion of multi-drug-resistant (MDR) Acinetobacter baumannii strains

thatwere isolated fromhospitalized patients in theCzechRepublicwas found to belong to twomajor

groups (A and B). These groups appeared to be similar to epidemic clones I and II, respectively,

which were identified previously among outbreak strains from north-western European hospitals.

The aim of the present study was to assess in detail the genetic relatedness of Czech A. baumannii

strains and those of epidemic clones I and II by using ribotyping withHindIII andHincII and by AFLP

fingerprinting. The study collection included 70 MDR strains that were isolated in 30 Czech

hospitals in 1991–2001, 15 susceptibleCzech strains from1991 to 1996 and13 reference strains

of clones I and II from 1982 to 1990. One majorHindIII/HincIII ribotype (R1-1) was observed in 38

MDR Czech strains and eight reference strains of clone I, whereas another major ribotype (R2-2)

was observed in 11 MDR Czech strains and in three reference strains of clone II. A selection of 59

Czech strains (representative of all ribotypes) and the 13 reference strains were investigated by

AFLP fingerprinting. At a clustering level of 83%, two large clusters could bedistinguished: cluster 1

included all reference strains of clone I and 25 MDR Czech strains, whilst cluster 2 contained all

reference strains of clone II and 11 MDR Czech strains. There was a clear correlation between the

groupings by AFLP analysis and by ribotyping, as all strains with ribotype R1-1 and four strains with

slightly different ribotypes were found in AFLP cluster 1, whereas all strains with ribotype R2-2 and

seven strains with similar ribotypes were in AFLP cluster 2. Thus, 41 and 21 MDR Czech strains

could be classified as belonging to clones I and II, respectively. The remaining eight MDR and 15

susceptible strains were highly heterogeneous and were distinct from clones I and II by both AFLP

fingerprinting and ribotyping. These results indicate that the two predominant groups observed

among MDR Czech A. baumannii strains from the 1990s are genetically congruent with the north-

western European epidemic clones that were found in the 1980s. Recognition of these clinically

relevant, widespread clones is important in infection prevention and control; they are also interesting

subjects to study genetic mechanisms that give rise to their antibiotic resistance and epidemic

behaviour.

INTRODUCTION

In an extensive review, Henriksen (1973) described acineto-
bacters as soil and water bacteria of widespread occurrence in
the surroundings of man and animals, which have low
pathogenic potential, but are opportunistic and capable of
causing infection in individuals with reduced resistance. At
the time, the genusAcinetobacter comprised only one species,

Acinetobacter calcoaceticus (Lautrop, 1974). Today, acineto-
bacters are recognized as important nosocomial pathogens
(Bergogne-Bérézin & Towner, 1996), but it is not yet well
understood to what extent this is caused by increased
susceptibility of the host or by expansion of specific strains.

Over the past three decades, considerable progress has been
made in resolving the taxonomy of the genus Acinetobacter
and in the development of methods to identify species and
strains. With the inclusion of 10 recently described species,
the genus now comprises 32 genomic species, 17 of which
have validly published names (Nemec et al., 2001, 2003; Carr

Abbreviation: MDR, multi-drug-resistant.

A table showing data on origin and properties of the strains used in this
study is available in JMM Online.
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et al., 2003). A few are of undisputed clinical relevance,
whereas many others may be true environmental organisms,
although the ecology of most species is as yet unrevealed.
Among the clinically relevant species,Acinetobacter bauman-
nii is the most common in clinical specimens and can give
rise to severe infections in critically ill patients. Strains of this
species that circulate on intensive-care units are frequently
multi-drug-resistant (MDR) and combine this feature with
the capacity to spread among patients and to persist in the
hospital environment (e.g. Aygun et al., 2002; Wang et al.,
2003).

In the mid 1990s, A. baumannii strains from 14 outbreaks
and 17 sporadic strains from hospitals in different north-
western European cities and countries were compared to
assess the diversity among outbreak and non-outbreak
strains. By using a combination of genotypic and phenotypic
methods, the outbreak strains could be allocated to two main
groups (designated clones I and II), whereas the sporadic
strainsweremore heterogeneous (Dijkshoorn et al., 1996). In
a more recent study, phenotypic and genotypic properties of
A. baumannii hospital strains from the Czech Republic were
studied (Nemec et al., 1999). It was found that MDR strains
showed lower variability than susceptible strains. Most MDR
strains were classified into two groups (designated A and B),
each of which was characterized by a specific ribotype and
similarity in other properties. The grouping of two reference
strains of clones I and II with strains of groups A and B,
respectively (Nemec et al., 1999), and apparent similarities in
ribotypes of strains of clones I and II with groups A and B,
respectively (Pantophlet et al., 2001), suggested that the
respective clones and groups were congruent. Similarity of
strains of group A and clone I was corroborated by their
common reactivity with O-antigen-specific mAbs (Panto-
phlet et al., 2001).

The panels of methods that were used to delineate clones I
and II and groups A and B were different; therefore, definite
conclusions on their genetic relatedness cannot bemade until
a representative sample of strains is subjected to common
methods. The aimof the present studywas to analyse in detail
genotypic similarities between A. baumannii hospital strains
from the Czech Republic and those that are representative of
north-western European clones, in order to assess whether
there is a pan-European presence of particular, genetically
highly related, MDR strains (i.e. clones). For this purpose,
the collection of Czech strains that was used in the previous
study was enlarged with recent Czech MDR isolates. Strains
were studied by ribotyping and by high-resolution AFLP
fingerprinting, which has been found to be useful for the
differentiation of Acinetobacter strains at the subspecies level
(Dijkshoorn et al., 1996; Janssen & Dijkshoorn, 1996; van
Dessel et al., 2003).

METHODS

Bacteria. Two sets of Czech A. baumannii strains were used in this
study. Set ARC included 52 archive strains that were isolated in the
Czech Republic between 1991 and 1999. These strains were selected

from more than 700 clinical Acinetobacter isolates, in order to comprise
hospital strains that were as heterogeneous as possible in terms of their
time of isolation and geographical origin (18 cities were included). The
ARC strains had been characterized in detail previously and were
classified into groupA (n 23), groupB (n 7), a group of otherMDR
strains (n 7) and a group of susceptible strains (n 15) (Nemec et al.,
1999; Pantophlet et al., 2001).

Set REC comprised 33 recent MDR A. baumannii strains from Czech
hospitals that were selected, according to biochemical characteristics
and susceptibility to antibiotics, from 250 clinical isolates that were
referred to the National Institute of Public Health in 2000 and 2001.
Strains were selected to be as geographically heterogeneous as possible
(from 20 hospitals in 13 cities). Multiple isolates from the same hospital
were not considered to be epidemiologically related, as assessed by
biotyping (Bouvet & Grimont, 1987) and/or macrorestriction analysis
of genomic DNA (Nemec, 1999). REC strains were recovered from
sputum (n 9), urine (n 7), blood (n 7), wound swabs (n 4)
and other clinical specimens, most of which were taken from intensive-
care unit patients.

Reference strains of epidemic clones were RUH 436, RUH 510, RUH
875, RUH 2037, RUH 3238 ( GNU 1084), RUH 3239 ( GNU 1083),
RUH 3242 ( GNU 1082), RUH 3247 ( GNU 1078) and RUH 3282
( GNU 1079) for clone I, and RUH 134, RUH 3240 ( GNU 1086),
RUH 3422 ( PGS 189) and RUH 3245 ( GNU 1080) for clone II.
These strains were characterized in detail previously (Dijkshoorn et al.,
1996; Pantophlet et al., 2001).

Phenotypic characteristics of all strains corresponded to those of the
genus Acinetobacter (Juni, 1984). Strains were identified as A. bauman-
nii according to EcoRI ribotypes (Nemec et al., 1999) and were allocated
to the biotypes of Bouvet & Grimont (1987) on the basis of utilization of
laevulinate, citraconate, L-phenylalanine, phenylacetate, 4-hydroxy-
benzoate and L-tartrate.

Ribotyping. Ribotyping was carried out as described previously
(Nemec et al., 1999), with minor modifications. Total DNA was
prepared by using SDS lysis, proteinase K treatment and phenol/
chloroform extraction. Digestion was performed with HindIII and
HincII in two separate steps. These enzymeswere selected for the present
study because they were found to show an optimal distribution of
fragments for pattern analysis, compared to 15 enzymes tested [includ-
ing EcoRI, which was used in previous studies (Nemec et al., 1999;
Pantophlet et al., 2001)]. Electrophoretic separation of DNA fragments
was done in 0.7 % (HindIII) or 0.8 % (HincII) agarose in TBE buffer
(45 mM Tris/borate, 1 mM EDTA, pH 8.0) for 16 h. The voltage used
was 45 and 35 V for HindIII and HincII, respectively. Fragments were
blotted onto a nylon membrane, hybridized with a digoxigenin-labelled
16S–23S probe and visualized immunochemically. The resulting
patterns were compared visually and distinct ribotypes were numbered
arbitrarily. Each strain was characterized by a combinedHindIII/HincII
ribotype, e.g. R1-1. For cluster analysis, the presence or absence of a
band at each position was scored as plus or minus, respectively.
Percentage disagreement was used as a measure of dissimilarity between
all pairs of HindIII/HincII ribotypes; it was expressed as the percentage
of band position differences in a pair of ribotypes out of the total
number of band positions (found in all ribotypes). Grouping was
obtained by the UPGMA algorithm. All calculations were performed by
using Statistica 5.1 software (StatSoft).

AFLP. AFLP fingerprinting was performed according to Nemec et al.
(2001). Briefly, purified DNA was digested by using EcoRI and MseI,
while ligation of EcoRI and MseI adaptors was performed simulta-
neously. PCR was done with a Cy5-labelled EcoRI + A primer and a
MseI + C primer (A and C represent selective nucleotides). The
ALFexpress II DNA analysis system (Amersham Biosciences) was used
for fragment separation. Fragments of 50–500 bp were subjected to
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cluster analysis by using the BioNumerics software package, release 2.5
(Applied Maths), with an overall tolerance setting of 0.11 %. The
Pearson product–moment coefficient (r) was used as the measure of
similarity and UPGMA was used for grouping.

Antibiotic susceptibility testing. Antimicrobial susceptibility was
determined by the disc diffusion method on Mueller–Hinton agar
(Oxoid). Antimicrobial agents tested (Oxoid) were ( g per disc):
ampicillin + sulbactam (10 + 10), piperacillin (100), ceftazidime (30),
imipenem (10), gentamicin (10), tobramycin (10), amikacin (30),
netilmicin (30), ofloxacin (5), cotrimoxazole (sulphamethoxazole +
trimethoprim: 23.75 + 1.25) and tetracycline (30). Interpretative cut-
off values for resistance were adjusted according to the known
distribution of inhibition zone diameters among A. baumannii strains
(Nemec, 1999). These values were identical to those recommended by
the National Committee for Clinical Laboratory Standards (NCCLS,
2001) for intermediate categories except for tetracycline and piper-
acillin, for which the NCCLS values for resistance were used. Multi-
resistance was defined as resistance to at least two antibiotics that
represent different antibiotic classes.

RESULTS AND DISCUSSION

Ribotyping

Ribotyping of all 98 strains with HindIII and HincII
separately revealed 33 and 25 different band positions,
respectively. In total, 24 different HindIII ribotypes, 20
HincII ribotypes and 29 combinations ofHindIII andHincII
ribotypes were identified. Examples of HindIII and HincII
ribotypes are shown in Fig. 1. Themost frequent ribotypewas
R1-1, which was found in 38 MDR Czech strains and in eight
reference strains of clone I. Czech strains with ribotype R1-1
had previously been classified as group A. The second most
frequent ribotype was R2-2, which was found in 11 MDR
Czech strains and three reference strains of clone II. Czech
strains with this ribotype had previously been classified as
group B. Strain RUH 3242 (clone I) was of ribotype R3-1,
whereas RUH 3240 (clone II) was of ribotype R4-2. These
ribotypes were also found in MDR Czech strains. Each of the
susceptible strains showed a uniqueHindIII/HincII ribotype.

AFLP

A selection of 72 strains, which included 59 Czech strains that
were representative of all different ribotypes and the 13
reference strains of clones I and II, was studied by AFLP.
Frequent ribotypes were represented by several strains, which
differed mostly in other characteristics (biotype, plasmid
profile and antibiotic susceptibility). Clustering of the strains
according to their AFLP fingerprints is shown in Fig. 2. At a
level of 83 %, two major clusters of MDR strains could be
distinguished: cluster 1 included all strains with ribotypes
R1-1 and R3-1 and one strain with the unique ribotype R5-3;
whereas cluster 2 included strains with ribotype R2-2 and
four other ribotypes (R2-4, R4-2, R2-5 and R6-4). AFLP
patterns of all susceptible strains and other MDR strains were
heterogeneous and clearly distinct from those of strains
included in clusters 1 and 2.

Correlation between ribotyping and AFLP

There was a good correlation between AFLP and ribotyping
results. Both AFLP clusters 1 and 2 contained strains of either
identical or similar ribotypes that were specific for each of the
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Fig. 1. Examples of (a) HindIII and (b) HincII ribotypes observed for A.
baumannii strains. Strains are indicated by upper-case letters above
the lanes: A, NIPH 7; B, NIPH 1605; C, NIPH 10; D, NIPH 24; E, NIPH
1362; F, NIPH 657; G, NIPH 301; H, NIPH 601. M, Molecular size
marker (º-phage DNA digested with HindIII and StyI). Ribotype
designations are given below the lanes.
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clusters. This correlation was also found for strains linked in
other clusters above 83 %, i.e. NIPH 1497 and NIPH 1683 or
NIPH 335 and NIPH 1445 (Fig. 2). Clustering of HindIII/
HincII ribotypes is shown in Fig. 3. Ribotypes R1-1 and R2-2,
which predominated among strains of AFLP clusters 1 and 2,
respectively, were clearly distinct from each other (15 band

differences in total). Differences between non-identical
ribotypes of strains of the same AFLP cluster were small
(Fig. 3). However, high similarity of some ribotypes was not
confirmed by AFLP, e.g. strain NIPH 410, with a ribotype
highly similar to R1-1 (one band difference), was clearly
different from clone I strains according to its AFLP pattern
(Fig. 2) and other properties (Nemec et al., 1999). This shows
the limitation of ribotyping in estimating genetic relatedness
of strains.

Relationship between the Czech groups and clones

I and II

So-called epidemic clones I and II were distinguished
originally among outbreak A. baumannii strains from
north-western European hospitals on the basis of similarities
in their genotypic and phenotypic properties (Dijkshoorn
et al., 1996). Within these clones, there was some intraclonal
variability, but AFLP fingerprinting allowed unambiguous
allocation of all strains to either clone I or clone II at a
clustering level of 90 %. A further study showed that most
MDR Czech strains belonged to two main groups, A and B,
the delineation of which was based on identity in EcoRI
ribotypes and supported by similarities in biochemical
properties and plasmid profiles. It also appeared that groups
A and B were similar to clones I and II, respectively, based on
visual comparison of EcoRI ribotypes in studies that deli-
neated these groups and clones, on inclusion of two reference
strains of clones I and II in the study onCzech strains (Nemec
et al., 1999) and on common reactivity of clone I and group A
strains with O-antigen-specific mAbs (Pantophlet et al.,
2001). However, as intraclonal variability of EcoRI ribotypes

Fig. 2. Cluster analysis of AFLP fingerprints of 59 Czech A. bauman-
nii strains (representative of different ribotypes) and 13 reference
strains (RUH) for clones I and II. Strains NIPH 4–NIPH 657 belong to
set ARC and strains NIPH 1362–NIPH 1729 belong to set REC.
Susceptible strains are underlined. RT, HindIII-HincII ribotypes; BT,
biotypes according to Bouvet & Grimont (1987); mAb, reactivity with
O-antigen-specific mAbs (Pantophlet et al., 2001). NG, No growth on
mineral medium; NR, no reactivity with any of 20 antibodies tested; NT,
not tested; NW, novel biotype.

Fig. 3. Cluster analysis of HindIII/HincII ribotypes found in 85 Czech
A. baumannii strains. No. strains with a respective ribotype is indicated
in parentheses. Grouping was obtained by the UPGMA algorithm by
using percentage disagreement. d, Ribotypes of strains of AFLP
cluster I (clone I); h, ribotypes of strains of AFLP cluster II (clone II).



was found in clone II (Dijkshoorn et al., 1996) and could not
be excluded for clone I, the relationship between the clones
and some Czech strains remained unclear.

In the present study, a combination of ribotyping and AFLP
results allowed the classification of 62 of 70 (89 %) MDR
Czech strains into the north-western European clones. The
current AFLP protocol was different from that used pre-
viously (Dijkshoorn et al., 1996) with respect to the choice of
restriction enzymes and selective primers and method of
fragment separation. By this modified procedure, reference
strains of clones I and II were linked at a level of 83 % in two
major clusters. In total, 36 of 44 MDR Czech strains,
including the strains allocated previously to groups A and
B and strains with ribotypes that were highly similar to those
of groups A and B, were found in these respective clusters.
According to the positions and interrelatedness of strains in
AFLP clusters 1 and 2 and overall similarity of their ribotypes
and other characters (biotype, serotype defined by O-anti-
gen-specific mAbs and plasmid content), we conclude that
the Czech strains in these clusters belong to the previously
described clones I and II (Fig. 2, Table 1). Similarity of AFLP
and ribotypes are useful criteria to identify strains that belong
to these clones.

Eight MDR and 15 susceptible strains were clearly distinct
genotypically from clones I and II. These strains were highly
heterogeneous in their AFLP pattern, ribotype (21 HindIII/
HincII ribotypes), biotype (10 different biotypes), serotype
(Pantophlet et al., 2001) and plasmid profile (Nemec et al.,
1999). Similarly, remarkable heterogeneity of phenotypic
and genotypic features was found among the strains from

north-western Europe that were not allocated to clone I or II
(Dijkshoorn et al., 1996). These findings are suggestive of
high genetic diversity in the general A. baumannii popu-
lation.

Multi-drug resistance in Czech strains

Resistance of the Czech strains to 11 antibiotics is shown in
Table 2. It is noteworthy that there was an apparent
discontinuity in qualitative resistance between the suscep-
tible and MDR strains, as shown in our previous study
(Nemec et al., 1999). Most susceptible strains were not
resistant to any of the antibiotics tested, whereas 90 % of
MDR strains showed resistance to five or more antibiotics. If
susceptible to an antibiotic, MDR strains often had a smaller
inhibition zone than susceptible strains (see Supplementary
Table in JMM Online), which is indicative of their higher
potential for being refractory to antimicrobial therapy.

Intraclonal diversity

Table 1 summarizes the ribotyping and biotyping results of
the present study and those of biotyping, serotyping and
plasmid analysis that were obtained previously (Nemec et al.,
1999; Pantophlet et al., 2001). The data demonstrate some
intraclonal variability in ribotype, biotype and serotype.
Strains of clones I and II that were analysed in the present
study were also heterogeneous in antibiotic resistance profile
(see Supplementary Table in JMM Online) and plasmid
profile (Nemec et al., 1999). This intraclonal variation may
result from ongoing diversification in space and time. One
example of this diversification is the clone II strains that

Table 1. Properties of A. baumannii strains in clones I and II

Data are from this study, Nemec et al. (1999) and Pantophlet et al. (2001). Numbers in parentheses indicate no. strains with respective types. NT, Not

tested; NR, no reactivity with any of the mAbs.

Clone/set

of strains

Year of

isolation

No. strains HindIII/HincII

ribotype

Biotype* No. resistances

per strain†

Reactivity with

mAbs‡

No. of strains

with 8.7 kb

plasmid pAN1

Clone I:

ARC 1991–1999 24 R1-1 (23), R5-3 (1) 6 (9), 11 (14) 7.1 [2–10] S48-3-13 (18);

S51-3 (6)

24

REC 2000–2001 17 R1-1 (15), R3-1 (2) 6 (6), 11 (10), 12 (1) 7.1 [5–10] NT NT

Reference strains 1984–1990 9 R1-1 (8), R3-1 (1) 6 (8), 11 (1) 6.6 [4–9] S48-3-13 (9) 9

Clone II:

ARC 1991–1997 10 R2-2 (7), R6-4 (3) 2 (10) 5.7 [3–8] S53-32 (7); NR (3) 1

REC 2000–2001 11 R2-2 (4), R6-4 (1),

R4-2 (3), R2-5 (2),

R2-4 (1)

2 (11) 5.8 [3–7] NT NT

Reference strains 1982–1989 4 R2-2 (3), R4-2 (1) 1 (1), 2 (2), 9 (1) 3.8 [1–5] S48-3-17 (3); NR (1) 1

*Biotype according to Bouvet & Grimont (1987). One clone I strain (set ARC) was auxotrophic.

†Eleven antibiotics were tested (see Methods). Values are means, with range in square brackets.

‡Twenty mAbs against O-antigens were tested (Pantophlet et al., 2001).
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shared ribotype R4-2 and grouped in a distinct AFLP
subcluster at a level of 88 %. Another example, although
not reflected in the AFLP clustering pattern, is the Czech
clone I strains of biotype 11. This biotype was the most
frequent in Czech A. baumannii strains (Nemec et al., 1999),
but seems relatively rare in western Europe (Bouvet &
Grimont, 1987; Seifert et al., 1993). Most Czech strains of
biotype 11 showed similarity in other properties (ApaI
macrorestriction analysis profiles, inability to grow on L-
arabinose and the presence of a 6 kb plasmid; data not
shown) and are likely to represent a regional subclone. Thus,
despite the noted similarity of strains that belong to the same
clone, there are still characters that can be used to identify
strains for epidemiological purposes.

Geographical spread of the clones

Our results and data from the literature indicate a pan-
European spread of strains that are classifiable in clones I or II
over a remarkable period of time. These strains were spread
widely in Czech hospitals from at least 1991 to 2001 and were
found in the Netherlands, the UK, Belgium and Denmark
between 1982 and 1990 (Dijkshoorn et al., 1996). They were
also recognized by Brisse et al. (2000) and van Dessel et al.
(2003) among quinolone-resistant A. baumannii isolates
from different parts of Europe, including southern Europe,
and one isolate from South Africa. Visual inspection of EcoRI
ribotypes that were published by Seifert & Gerner-Smidt
(1995) also suggests the occurrence of these strains in Danish
and German hospitals. Finally, Pantophlet et al. (2001, 2002)
have shown that serotypes found in strains of clones I and II
(Table 1) are spread among A. baumannii strains from
European countries, including Bulgaria and Hungary.

In conclusion, the results presented here confirm that MDR
Czech strains of A. baumannii that were isolated from

hospitalized patients belong mainly to two genetically dis-
tinct groups that were identified originally among strains in
north-western Europe. These groups most probably repre-
sent old clones in a broad (evolutionary) sense, as can be
judged from the noted intraclonal type variation and their
wide distribution in space and time, as opposed to recent
clonal lineages that are found in local outbreaks, which are
usually relatively uniform in type characters. It is not yet
known what properties have facilitated the wide spread of
these MDR clones. It is possible that the capacity to develop
or acquire antibiotic resistance was already an attribute of
their ancestors and is a prerequisite for their success. There-
fore, these clones, which are of undisputed clinical signifi-
cance, are challenging targets for research on the evolution
and spread ofmulti-drug resistance andof factors involved in
A. baumannii epidemicity and pathogenicity.

Deposition of representative Czech strains in the

CCM

The following strains were deposited in the Czech Collection
of Microorganisms (CCM): CCM 7031 ( NIPH 7; clone I,
the reference strain of group A), CCM 7032 ( NIPH 15;
clone I/groupA), CCM7034 ( NIPH281; clone I/groupA),
CCM 7116 ( NIPH 10; clone I), CCM 7033 ( NIPH 24;
clone II, the reference strain of group B), CCM 7117
( NIPH 657; clone II) and CCM 7118 ( NIPH 1362;
clone II). The origin and properties of these strains are
available in the Supplementary Table in JMM Online.
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Cotrimoxazole 95 57 63 13

Tetracycline 98 100 88 7

*The majority of non-resistant strains showed reduced inhibition zone diameters (15–19 mm) in

comparison with the susceptible strains (23–26 mm).
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