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The occurrence of tetracycline resistance determinants in 203 Escherichia coli isolates recovered from clinical samples at three
different hospitals in Nigeria between June 2009 and May 2010 was investigated. The isolates were subjected to standard proce-
dures. Antibiotic susceptibility to a panel of eight antibiotics was also performed, and resistance genes were detected with the poly-
merase chain reaction (PCR) technique. One hundred and six E. coli isolates (52.2%) were obtained at LAUTECH Teaching Hospi-
tal Osogbo, 85 (41.9%) from OAUTHC Ile Ife and 12 (5.9%) from Osun State Hospital Asubiaro Osogbo. Result of the disk diffusion
antibiotic susceptibility test showed 96.1% isolates to be resistant to ampicillin, 77.8% to tetracycline, 37.9% to cotrimoxazole,
38.4% to nalidixic acid, 20.7% to ofloxacin, 17.7% to ceftriaxone, 11.8% to gentamycin, and 2% to nitrofurantoin. One hundred and
sixty two (79.9%) isolates had minimum inhibitory concentration (MIC) of tetracycline > 128 pg/ml. The polymerase chain reaction
(PCR) detected tetA gene in 89 (43.8%) isolates, tetB gene in 65 (32.0%), and both tetA and tetB genes in 9 (4.4%) isolates. The
study demonstrated a relatively high level of gene mediated antibiotic resistance to tetracycline and other antibiotics in E. coli

clinical isolates in Southwest region of Nigeria.
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Introduction

In recent years, there have been increasing reports of bac-
teria resistant to multiple antimicrobial agents involved in
clinical infections. This situation is threatening the effec-
tiveness of even the most reliable antibiotics used to treat
bacterial infections [1]. The problems of resistant bacte-
ria are particularly more serious in hospitals and nursing
homes where patients are treated for acute or chronic in-
fective conditions [2]. In developing countries, on the oth-
er hand, antibiotic-resistant bacteria transmission often oc-
curs in communities by person-to-person transfer, through
contaminated food, unsafe drinking water, or by insects.
Resistance can mean that people infected with such bac-
teria do not respond to conventional drugs and, if no other
treatment options are available, must depend on their im-
mune system to overcome the disease [1, 3].
Tetracyclines are antibiotics which inhibit bacte-
rial growth by interfering with protein synthesis. The
emergence of bacterial resistance to these antibiotics has

nowadays limited their use. Three different mechanisms
of tetracycline resistance have been identified so far: tetra-
cycline efflux, ribosome protection, and tetracycline modi-
fication [4, 5]. Tetracycline efflux is achieved by an ex-
port protein from the major facilitator super family (MFS)
which contains 12 transmembrane fragments (TMS) in
Gram-negative bacteria and 14 in Gram-positive bacte-
ria. Ribosome protection is mediated by a soluble protein
which shares homology with the GTPases participating
in protein synthesis by elongation factor-Tu (EF-Tu) and
EF-G. The third mechanism involves a cytoplasmic pro-
tein that chemically modifies tetracycline, a reaction that
takes place only in the presence of oxygen and NADPH
and does not function in the natural host [4-6].

The most common resistance mechanism in Gram-neg-
ative bacteria is the energy-dependent efflux pump system
which is encoded by the genes tetA, tetB, tetC, tetD, and
tetG, with tetA and tetB genes being the most frequently
described. The objective of this study is to determine the
prevalence of tetracycline resistance genes (tetA and tetB)
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carriage in Escherichia coli, a prototype Gram-negative
bacterium that has been reported to be commonly involved
in clinical infections in our environment [1, 7-10].

Materials and methods
Study area

This study was conducted in three hospitals located in two
major towns in Osun State: Ladoke Akintola University
of Technology (LAUTECH) Teaching Hospital Osogbo,
Obafemi Awolowo University Teaching Hospital Complex
(OAUTHC) lle-Ife, and Osun State Hospital Asubiaro
Osogbo between June 2009 and May 2010. Osun State is
located in the Southwestern part of Nigeria with Osogbo
as the capital city.

Study design

This research is a clinico-laboratory investigation of tet-
racycline resistant determinants in E. coli isolates in Osun
State, Nigeria.

Subjects

The subjects include all categories of patients with clini-
cal illness on hospital admission or outpatient treatment.
Informed consent was obtained from each subject partici-
pant, and ethical committee approval from the hospitals
was obtained before the conduct of the study.

Specimen collection

Various clinical specimens (urine, high vaginal swab,
stool, wound, and blood) were collected from the subjects.
All samples were collected at regular intervals into sterile
sampling bottles and transported in an insulated sampling
case to the laboratory for examination. Demographic and
clinical data of each patient were obtained from the request
forms and laboratory register.

Isolation and identification of E. coli

The isolation of E. coli from clinical specimens was car-
ried out according to standard microbiological methods
[11]. Specimens were first grown in Buffered Peptone
Water (Oxoid, UK) at 37 °C for 24 h and then cultured
on TBX agar and incubated aerobically at 44 °C for 24 h.
Suspected colonies of E. coli from the culture plates were
confirmed by testing for oxidase (OXItest, Pliva-Lache-
ma, CZ) and indole production (COLItest, Pliva-Lachema,
CZ). Confirmed colonies were purified and used for sus-
ceptibility test and PCR.
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Disk diffusion antimicrobial susceptibility testing

E. coli isolates were tested for their susceptibility against
antimicrobial agents by the disk diffusion method accord-
ing to Clinical and Laboratory Standards Institute (CLSI)
guideline [12]. The antimicrobial disks (Oxoid, UK) used
include: ampicillin (10 pg), gentamycin (10 pg), nalidixic
acid (30 pg), nitrofurantoin (30 pg), ofloxacin (30 ug), cef-
triaxone (30 pg), tetracycline (30 pg), and cotrimoxazole
(25 pg). E. coliNCTC 1515 was used as the control strain.
Isolate susceptibility was evaluated based on the size of
the zones of inhibition and classified as susceptible (S),
intermediate resistant (I), or resistant (R) according to the
CLSI criteria [12].

Dilution test for determination of minimum inhibitory
concentration (MIC) of E. coli

Double dilutions of antimicrobial agents were prepared in
Mueller Hinton broth (Oxoid, UK) in test tubes accord-
ing to standard procedures [12]. A standardized inoculum
(5 - 10° CFU/ml) of the test organism was added to each
of the prepared antibiotic dilutions in the tubes. The same
was performed for the control strain. Incubation was done
aerobically at 35-37 °C for 18-24 h, and tubes were ob-
served for growth. The tube with lowest concentration
(highest dilution) of antibiotics to show no growth (no
turbidity) is the MIC. The tetracycline MIC breakpoints
and interpretative criteria for each antibiotic to categorize
isolate into susceptible (S), intermediate resistant (I), or
resistant (R) were as set in the CLSI guideline [12]; if the
MIC was <5 pg/ml, the isolate was considered sensitive; if
it was 10-70 ug/ml, the isolate was considered intermedi-
ate resistant; and if MIC was >90 pg/ml, the isolate was
considered highly resistant.

Detection of tetracycline resistance genes by PCR

All E. coli isolates resistant to tetracycline (n = 203) were
tested for carriage of tetracycline resistant genes: tetA and
tetB using polymerase chain reaction (PCR). First, bacte-
rial DNA was isolated from a 24-hour culture of E. coli
on nutrient agar by lysis of bacterial cell suspension at
95.5 °C for 10 min with the addition of 20% Chelex 100
(Bio-Rad, France) followed by centrifugation. The super-
natant was used as template DNA. For the detection of the
tet gene, primers used were as shown on Table 1, dissolved
in 25 ml of reaction mixture containing Tag-Purple DNA
polymerase and MgCl, (Top-Bio, CZ). The PCR program
consisted of an initial denaturation step at 94 °C for 30 s,
followed by 30 cycles of DNA denaturation at 94 °C for
30 s, primer annealing for tetA at 62 °C and primer exten-
sion at 72 °C for 30 s while the annealing temperature of
tetB was 58 °C and primer extension at 72 °C for 1 min.
After the last cycle, a final extension step at 72 °C for
5 min was added. PCR products were analyzed by gel elec-
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Table 1. Primers used to amplify genes encoding tetracycline resistance in Escherichia coli

Gene Forward sequence Reverse sequence Annealing Product
Primer (5" to 3") Primer (5" to 3") Temp (°C) Size (bp)

tetA GGCGGTCTTCTTCTTCATCATGC CGGCAGGCAGAGCAAGTAGA 62 501

tetB  CATTAATAGGCCCATCGCTG TGAAGGTCATCGATAGCAGG 58 929

trophoresis in 1.5% agarose (Serva, Germany) followed by
visualization in a transilluminator after staining in ethid-
ium bromide [13].

Data entry and analysis

Clinical and laboratory data were entered into a Windows
7 laptop computer with the Statistical Package for Social
Sciences (SPSS 15.0) software. Frequency tables were
generated and data analyzed using appropriate statistical
methods.

Results

Atotal of 203 E. coli isolates were obtained from the three
health institutions between June 2009 and May 2010; 106
isolates were obtained from LAUTECH Teaching Hospi-
tal, 85 from OAUTHC Ile Ife, and 12 from the State Hos-
pital Asubiaro. The distribution of the 203 isolates in rela-
tion to gender of patients from whom they were recovered
shows 92 (45.3%) males and 111 (54.7%) females, and
in relation to age group distribution, age <10 years had
19.7% (40), 1120 years 11.8% (24); 21-30 years 23.6%
(48), 31-40 years 16.3% (33), 41-50 years 10.3% (21),
51-60 years 6.4% (13), 61-70 years 9.9% (20) and 71—
80 years 2% (4) (Table 2).

Table 3 shows the distribution of the 203. E. coli iso-
lates in relation to clinical specimens from which they
were recovered; 99 (48.7%) isolates were obtained from
urine, 17 (8.4%) from high vaginal swab, 67 (33.0%)

from stool, 16 (7.9%) from wound, and 4 (2.0%) from
blood.

Table 4 shows the antibiotic disk susceptibility pat-
tern of the isolates to eight antimicrobial agents used;

Table 2. Distribution of Escherichia coli isolates in relation to
age group of patients

Age group (years) No. of isolates Percentage
<10 40 19.7
11-20 24 11.8
21-30 48 23.6
3140 33 16.3
41-50 21 10.3
51-60 13 6.4
61-70 20 9.9
71-80 4 2.0
Total 203 100.0

Table 3. Distribution of Escherichia coli isolates from various
clinical specimens

Specimen types No. of isolates Percentages
Urine 99 48.7
High vaginal swab (HVS) 17 8.4
Wound 16 7.9
Stool 67 33.0
Blood 4 2.0
Total 203 100.0

Table 4. Antibiotic susceptibility of Escherichia coli isolates to antibiotics

Antibiotics No. of sensitive No. of intermediately No. of resistant
isolates (%) resistant isolates (%) isolates (%)
Amp 8(3.9) 0 (0) 195 (96.1)
Gen 127 (62.6) 52 (25.6) 24 (11.8)
Nit 155 (76.4) 44 (21.7) 4(2.0)
Nal 76 (37.4) 49 (24.1) 78 (38.4)
Cot 82 (40.4) 44 (21.7) 77 (37.9)
Cef 135 (66.5) 32 (15.8) 36 (17.7)
ofl 120 (59.1) 41 (20.2) 42 (20.7)
Tet 45 (22.2) 0(0) 158 (77.8)

Key: Amp — ampicillin, Gen — gentamycin, Nit — nitrofurantoin, Nal — nalidixic acid,

Cot — cotrimoxazole, Cef — ceftriaxone, Ofl — ofloxacin, Tet — tetracycline
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Table 5. Minimum inhibitory concentration (MIC) of

tetracycline for Escherichia coli isolates

MIC value (pg/ml) No. of isolates Percentage
(“S”, “I”, or “R”)

8 () 13 6.4
16(1) 20 9.9
32(D) 2.0
64 (D) 2.0
128 (R) 20 9.9
2569 (R) 114 56.2
>256 (R) 28 13.8
Total 203 100.0

Key: “S”, sensitive; “I”, intermediate; “R”, resistant

158 isolates (77.8%) were resistant to tetracycline, 195
(96.1%) to ampicillin, and 77 (37.9%) to cotrimoxazole.
The susceptibility pattern to other antibiotics is shown in
the table.

Table 5 shows the MIC values of tetracycline for the
isolates with all the 203 isolates categorized as resistant
(MIC >5 pg/ml); 13 isolates (6.4%) had MIC value of
8 ng/ml, 20 (9.9%) had MIC value of 16 pg/ml, 4 (2.0%)
MIC value of 32 pg/ml, 4 (2.0%) had MIC value of 64 ng/
ml, 20 (9.9%) had MIC value of 128 pg/ml, 114 (56.2%)
had MIC value of 256 ug/ml, and 28 (13.8%) had MIC
value of >256 pg/ml.

Ofthe 203 isolates analyzed by PCR, 43.8% (89 0f203)
carry tetA gene, 32.0% (65 of 203) carry tetB gene, while
4.4% (9 0f 203) carry both genes. Figures 1 and 2 show the
gel electrophoretic band pattern of the amplified products

500 bps
100 bps

Fig. 1. Agarose gel electrophoresis of amplified tetA gene products (~500 bp) from representative
Escherichia coli isolates. SM: size marker; PC: positive control; NC: negative control; Lanes 1, 2, 3,
4,5,7, and 8 show the presence of tetA gene; Lane 6 shows that tetA gene is not present.

1 kb

500 bps

100 bps

SMNCPC1 2 3 456 78 910

Fig. 2. Agarose gel electrophoresis of amplified tetB gene products (~1000 bp) from representative
Escherichia coli isolates. SM: size marker; PC: positive control; NC: negative control; Lanes 1, 2, 3,
4,5,6,7,9,and 10 indicate the presence of tetB gene; Lane 8 indicates the absence of tetB gene.
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of representative isolates with tetA band at approximately
500 bp and tetB band at approximately 1000 bp.

Discussion

E. coli strains have been widely implicated in various
clinical infections as hospital and community acquired
infections [14]. Pathogenic strains of E. coli have rela-
tively high potentials for developing resistance [15]. High
resistance of E. coli to antimicrobial agents tested was
observed in this study, and this correlated well with the
results from the study of antimicrobial resistant pattern of
E. coli from human clinical samples in Osogbo, South-
western Nigeria [1, 10] where high resistance rates (>85%)
were reported against tetracycline, sulphonamides, and co-
trimoxazole. Likewise, the prevalence of resistance in this
study showed that resistance profile of E. coli is <40% for
all drugs except nitrofurantoin, gentamycin, and nalidixic
acid. This is in harmony with what was observed in a pre-
vious study [16]. The high resistance rate is an indication
of poor antibiotic policy with indiscriminate use of antibi-
otics in this region along with poor hygiene and infection
control practices which aid spread of resistance.

The four antibiotics for which a considerable rise in
resistance rate was seen in this study were tetracycline,
ampicillin, cotrimoxazole, and nalidixic acid, which are
extensively used in Nigeria [1, 17]. Such multi-drug resis-
tance has serious implications for the empiric therapy of
infections caused by E. coli and for possible co-selection
of antimicrobial resistance mediated by multi-drug resis-
tance plasmids [18]. Ingestion of antibiotics is known to
provide selective pressure ultimately leading to a higher
prevalence of resistant bacteria. This study also shows the
age distribution of the subjects used; age groups 21-30,
<10, and 31-40 have the highest occurrence with 23.6%,
19.7%, and 16.3%, respectively. In contrast, age range 71—
80 has the least occurrence with 2%. This implies that in-
fection is common among children and middle aged group,
which correlated well with what was observed in a study
carried out by previous workers [19]. In this study, E. coli
recovery was found to be very high in urine with 48.7%
and stool with 33%, which also correlated with previous
report [20]. This is because E. coli is responsible for over
70% urinary tract infections and also responsible for most
cases of gastroenteritis.

From molecular identification of tet genes in E. coli in
this study like previous works [21-23], it shows a rise in
resistance pattern confirming the alarming spread of resis-
tance genes in this region. The MIC values also correlated
with the level of resistance displayed by isolates carrying
tetA gene (43.8%) and tetB gene (32%). Several earlier
reports on tetracycline resistance genes in both humans
and animals have been reported [5, 24, 25], even from
farm products, especially from cow milk. In prior clinical
surveys, the tetB gene was the most prevalent tetracycline
resistance determinant identified; evidence shows that it
has wide host range due to the ability to reside on high-

ly mobile genetic elements that effectively transfer them
among bacterial genera. Other workers too have reported
the ability of tetA gene to freely spread in farm animals
than tetB, and that this determinant can be concluded or
summarized that tetA gene can be spread more easily in
the environment than tetB gene [5, 25]. According to some
other workers, tetracycline resistance in relation to plas-
mid incompatibility has also been reported, moreover just
like other determinants, tetC and tetD genes are located
on conjugative plasmids of different compatibility groups
with even tetA [21], whereas the tetE determinant is lo-
cated on the chromosome in some isolates and also asso-
ciated with large, non-conjugative, non-mobile plasmids
[6], hence may not easily spread as others. Nine (4.4%)
isolates were positive for both genes in this study, which
as reported earlier by other workers, there is tendency for
E. coli to harbor more than one gene [22, 25].

Although this may be the first report on molecular de-
tection of tetracycline resistance in E. coli isolate in this
region, the data obtained show that there is variation in
the distribution pattern of tetA and tetB genes from the
different centers. Both of these genes encode an energy-
dependent efflux pump system, one of the most frequently
used mechanisms of tetracycline resistance in bacteria of
the family Enterobacteriaceae [13, 20, 23, 25].

Conclusion

Our study showed high antibiotic resistance in E. coli iso-
lates to tetracycline and other commonly used antibiotics
in this environment. The high carriage rate of tetA and tetB
genes among the E. coli isolates suggests that these genes
are the major determinant of resistance to tetracycline in
this environment.
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