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Quinolones and fluoroquinolones are frequently used for the presumptive treatment of suspected
enterobacterial infections in Cameroon and other resource-limited settings. This study aimed at
describing patterns of resistance to quinolones and fluoroquinolones (QFR) in Enterobacteriaceae and
thus allow for a better management of patients in these settings. During a 10-month period, a total of
300 enterobacterial strains were isolated from 13 different clinical specimens from hospitalized patients
(HP) and community patients (CP). Identification was done using the APl 20E. The sensitivity to
antibiotics was tested using Kirby-Bauer disk diffusion method according to Clinical Lab. Standard
Institute criteria. Out of the 300 isolates identified as Enterobacteriaceae, 58% were from HP while 42%
were from CP. The prevalence of each genus was: Escherichia 36%, Klebsiella 33%; Enterobacter 8%,
Proteus 8% and others 15%. QFR was detected in 25.7% of all isolates, with a significantly higher
prevalence in HP (31.8%) compared to CP (17.3%), p-value=0.0069. Genus-specific resistance rates in
HP and CP were respectively: Escherichia 33.3% and 16.7%; Klebsiella 39.7% and 16.7%; Enterobacter
25% and 37.5%; Proteus 9% and 7.7%. Resistance to pipemidic acid and ciprofloxacin was present in
38% and 28% of all isolates respectively. Resistance to more than one quinolone/fluoroquinolone was
observed in 36.7% of isolates. QFR resistance was high in this population of Enterobacteriaceae
isolates from Cameroon. Resistance was highest in hospital patients and in Klebsiella isolates.

Guidelines for presumptive treatment should be implemented for this resistance pattern.
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INTRODUCTION

Enterobacteriaceae species are incriminated in virtually
any type of infectious disease and can be recovered from
any  specimen received in the laboratory.
Immunocompromised patients or debilitated patients are
highly susceptible to hospital acquired enterobacterial
infections (Abraham et al., 1981; Edwin et al., 1885;
Elmer et al., 1992; Xilin et al., 2006). These infections are
often treated with quinolones and fluoroquinolones. The
appearance of quinolone and fluoroquinolones resistant
bacteria was observed immediately after the introduction
of these antimicrobials into clinical practice to treat
infections in hospitalized and community acquired
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infections (Betty et al., 1998; Hedi et al., 2005; Carmen et
al., 2008y

It has been demonstrated that the trend in quinolone
and fluoroquinolones resistance has been increasing
over the years. A study carried out in England and Wales
shows that the prevalence of resistance of Klebsiella
species to fluoroquinolones rose from 3.5% in 1990 to
9.5% in 1996 (Antti et al., 1999; David et al.,2002; Api,
2006). Another study carried out in Greece from 2005 to
2007 revealed the overall resistance of
Enterobacteriaceae to be 15.6% with 21.1% in
Hospitalized patients and 6.2% in community patients
(David et al., 2001; Kerr, 2004; Skandami-Epitropaki et
al.,2008). Therefore knowledge of the local prevalence of
pathogens and their antimicrobial sensitivity patterns is
essential for clinicians in their routine work (Arjana et al.,
2002; Karel et al., 2005; CLSI, 2006). This study was
aimed at establishing Enterobacteriaceae resistance



patterns to quinolones and fluoroquinolones in view of
implementing a better control strategy for the care of
patients particularly in situations were
Enterobacteriaceae infections are suspected but
antimicrobial susceptibility testing cannot be done.

METHODOLOGY

A cross- sectional descriptive study was carried out with a sample
size of 300. The ten month study period spanned from December
2006 - September 2007. Specimens were collected from 13
different clinical specimens from hospitalised and community
patients at the Yaoundé General Hospital. These specimens were
cultured in Eosin methylene Blue Agar incubated for 18-24 hours at
37°C. Isolated colonies were gram stained using the standard
laboratory culture procedures. The gram-negative bacilli were then
identified using the Api 20 identification kits (BioMérieux SA, Lyon,
France). Antimicrobial susceptibility testing was then carried out on
all species identified from the Enterobacteriaceae family including
the quality control strain ATCC 25922. The Kirby-Bauer disc
diffusion method was used for susceptibility testing (Betty et al.,
1998; CLSI, 2006). The antibiotics tested for susceptibility included
two quinolones (Nalidixic acid and pipemedic acid) and four
fluoroquinolones (norfloxacin, ciprofloxacin, sparmofloxacin and
moxifloxacin). The diameters of the zones of inhibitions were then
measured. The susceptibility (sensitive, intermediate, or resistance)
was determined using the Clinical and Laboratory Standard Institute
(CLSI) Performance standards for Antimicrobial Susceptibility
testing (David et al., 2001; Armand et al., 2006).

RESULTS

300 isolates were identified as Enterobacteriaceae and
distributed into different taxonomic groups as shown on
table 1

29 different species were identified from eleven genera
of the Enterobacteriaceae family. The eleven genera
were grouped into 5 main Tribes of the family;
Escherichiaeae, Klebsielleae, Proteeae, Salmonelleae,
and Citrobactereae. 36% of the isolates were Escherichia
species; 33% were Klebsiella species; Enterobacter and
Proteus both had 8% (24/300) each; Serratia 7%
Salmonella 3%); Kluyvera, Pantoea, and Morganella
each had 0.7% of the isolates while Shigella had 0.3%
25.7% of the Enterobacteriaceae were found to be
resistant to all six quinolones. 31.3% of Klebsiella isolates
were resistant; Enterobacter 29.2%; and Escherichia
26.9%. The highest percentage of resistance 38% was
observed in pipemidic acid while the least resistance was
observed in ciprofloxacin.

58% of the isolates were from hospitalized patients
(HP) and 42%) were from community patients (CP).
31.8% of these isolates from HP were resistant to all six
quinolones and 17.3% of isolates from the CP were
resistant to all quinolones (p-value=0.0069) as shown on
Table 2

Klebsiella showed the highest level of resistance to HP
with mean value of 39.7% with Proteus recording the

Toukam et al. 491

least resistance of 9%. For CP resistance out of 127
samples Escherichia and Klebsiella genus showed the
highest resistance with mean value of 16.7%, while the
proteus showed the least resistance to CP with a mean
value of 7.7% (Table 3)

DISCUSSION

A total of 300 strains of Enterobacteriaceae were isolated
for this study. The isolates were from patients aged 0-97
years and from 13 different types of specimens; bone
fragment, bed sore, cervical/vaginal swabs, hemoculture,
pleural fluid, pus, seminal fluid, sputum, stool, urethral
swab, urine, urinary catheter and wound. Members of the
Enterobacteriaceae family may be incriminated in virtually
any type of infectious disease and recovered from any
specimen received in the laboratory (Elmer et al., 1992;
Deguchi et al.,, 1997; Dana et al., 2000; David et al.,
2002).

Maijority (69%) of the Enterobacterial isolates were from
urine specimens. This confirms the findings of Arslan and
collaborator in Turkey in 2005 (Harold, 2002; James et
al., 2002; Hande et al., 2005) that urinary tract infections
(UTls) are common infections; it is estimated that 150
million UTls occur yearly worldwide, resulting to 6 billion
dollar spending in direct healthcare cost. Specimens like
bed sore, bone fragment, pleural fluids, seminal fluid and
wound are rare specimens in most clinical microbiology
laboratories. Therefore, each accounted for only 0.3% of
the isolates.

Of the 27 genera and 100 species of
Enterobacteriaceae described by Farmer et al at the
Centers for Diseases Control (CDC) in 1991 (Edwin et
al., 1985; Scholar, 2002; Caliopsia, 2006), 29 pathogenic
species were identified in this study from eleven of these
genera using the Api 20E identification system. E. coli
(36%) was the bacterial species most commonly isolated
in laboratories and has been incriminated in infectious
diseases involving virtually every human tissue and organ
(Geo et al., 1991; Elmer et al., 1992; Oliphant, 2002).
This was confirmed as being the most prevalent as
observed by Skandami-Epitropaki and collaborators in
Greece (Brisse et al., 2000; David et al., 2002; Scholar,
2002; Skandami-Epitropaki et al., 2008. Similar studies of
E.coli as the most commonly isolated bacteria of the
Enterobacteriaceae family was earlier reported by
Livermore and his research team in England and Wales
(Tina et al., 1996; Brisse et al., 2000; Caliopsia, 2006).

Klebsiella species (33%) ranked second in prevalence
like in previous studies (Genevieve, 2001; Pieboji et al.,
2004; Api, 2006). Species like Morganella, Kluyvera and
Pantoea which are normally not pathogenic but become
pathogenic in immunosuppressed individuals each
accounted for 0.7% of the isolates. The trend recorded of
most prevalent; Escherichia coli, Klebsiella, Enterobacter
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Table 1. Prevalence of the Enterobacteriaceae isolates by Tribe, genus and species

TRIBE GENUS N° % SPECIES Ne°

Escherichia 108 36% Coli 108 36 %

Escherichieae Shigella 1 0.3% Species 1 0.3%

Aerogenes 3 1%

24 8%

Enterobacter Asburiae 2 0.7 %

Cloacae 17 5.7 %

sakazakii 2 0.7 %

Spp 2 1 0.3%

Pantoea 2 0.7% Spp4 1 0.3%
Klebsielleae pneumoniae 86 28.7 %
Klebsiella 99 33 % Ornithinolytica 5 1.7 %

oxytoca 8 2.7 %

marcescens 7 2.3%

Ficaria 1 0.3%

, o Fonticola 1 0.3%

Serratia 21 7% Odonitera 1 7 2.3%

Odonifera 2 3 1%

plymuthica 1 0.3%

Rubidiae 1 0.3%

Morganella 2 0.7 % Morganii 2 0.7 %

Proteeae Proteus 24 8% Mirabilis 23 7.7 %
Vulgaris 1 0.3%

Paratyphi 1 0.3%

Salmonelleae Salmonella 9 3%

Typhi 1 0.3%

spp 7 2.3%

Braakii 3 1%

8 2.7 %

Citrobactereae Citrobacter Freundii 2 0.7%
Koseri 2 0.7%

youngae 1 0.3%

other Kluyvera 2 0.7% Spp 2 0.7%
TOTAL 300 100% 300 100%

Table 2. Genera isolated in hospitalized versus Community patients

Hospitalized Patients

Community Patients

GENUS (n=173) (n=127)

N° % N° %
Klebsiella 63 36.4% 36 28.3
Escherichia 54 31.2% 54 42.5%
Enterobacter 16 9.2% 8 6.3%
Serratia 15 8.7% 6 4.9%
Proteus 11 6.4% 13 10.2%
Salmonella 7 4.1% 2 1.6%
Citrobacter 3 1.7% 5 3.8%
Pantoea 2 1.2% 0 0
Kluyvera 1 0.6% 1 0.8%
Morganella 1 0.6% 1 0.8%
Shigella 0 0 1 0.8%
Total 173 100% 127 100%
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Table 3. Resistance of hospitalised (HP) versus community patients (CP) to all Q and FQ used

GENUS HP CP
(N=173) (N=127) P-VALUE
Klebsiella 25 (39.7%) 6 (16.7% )
Escherichia 18 (33.3%) 9 (16.7% )
Enterobacter 4 (25% ) 3(37.5)
Serratia 3 (20%) 3(50% )
Proteus 1(9%) 1(7.7%)
Others 4(28.8%) 0%
Total 55 (31.8%) 22(17.3%) 0.0069

and Proteus have also been reported (Pieboji et al.,
2004; Api, 2006).

Overall, of the 300 Enterobacteriaceae isolates studied
a resistance rate of 25.7% (resistant to all six antibiotics)
was observed which was higher than the 15.6% observed
by Skandami-Epitropaki et al (2008). It was also
observed in this study that a high percentage, (37.7%) of
the isolates were resistant to at least one of the
quinolones. Many factors may account for these high
resistant rates such as the excessive use of antibiotics
and the availability of generic drugs of very broad
spectrum.

Klebsiella species were the most resistant strains with
an overall resistance of 31.3%. This was closely followed
by Enterobacter species 29.2 % and thirdly Escherichia
species 25%. One factor which may explain the greater
prevalence of resistance in Klebsiella and Enterobacter
species is the fact that Klebsiella and Enterobacter are
primarily Hospital pathogens (nosocomial infections),
these tend to be resistant.

The resistance of all Enterobacteriaceae for
hospitalized patients (HP) was 31.8% and 17.3% for
community patients (CP). This was higher than the 21.1%
obtained for HP and 6.2% for CP ( Skandami-Epitropaki
et al.,, 2008). The overall resistance in hospitalised
patients was significantly higher than that in community
patients (p<0.05). The fact that most HP patients tend to
have chronic infections may have accounted for this
difference.

The prevalence of resistance for Klebsiella in HP was
39.7% and 16.7% in CP this also was again higher than
the values observed by Skandami-Epitropaki et al (2008).
The resistance for E. coli was 33.3% for HP and 16.7%
for CP whereas a previous study carried out showed a
resistance of 17.4% for HP and 5.05% for CP (Kerr,
2004; Karel et al., 2005). 56.3% Isolates from urinary
catheter were resistant. This may be due to the
prolonged use of urinary catheter and poor aseptic
handling procedures which predispose the patients to
infection with hospital acquired pathogens that are very
resistant.

Many factors may have contributed to such high rates
of resistance, including; presumptive treatment without

antimicrobial susceptibility testing, misuse of antibiotics
by health professionals, unskilled practitioners and public
(antibiotics can be purchased without prescription), poor
drug quality, unhygienic conditions accounting for the
spread of resistant bacteria and inadequate surveillance
as cited by Gangoue Pieboiji et al in Cameroon (Deguchi
et al., 1997; Genevieve, 2001; Oliphant, 2002). The easy
access to antibiotics in some community pharmacies
without prescription has led to patients’ vulnerability to
excessive use of antibiotics in Cameroon. This has
become a very big health concern issues the health
service is trying to sensitise the public and develop
strategies for control. Antimicrobial resistance often leads
to therapeutic failure of empirical therapy; therefore
knowledge of the local prevalence of pathogens and their
antimicrobial sensitivity patterns is essential for clinicians
in their routine work (Arjana et al., 2002, Aurora et al.,
2004, Xilin et al., 2006).

CONCLUSION

Quinolone and fluoroquinolone resistance was high in
this population of Enterobacteriaceae isolates from
Cameroon. Resistance was highest in hospital patients
and in Kilebsiella isolates. Guidelines for presumptive
treatment should be implemented for this resistance
pattern.
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