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Abstract
Introduction: Antimicrobial resistance is a rising global public health threat. Knowledge 
on the circulating pathogens in a particular area and their antibiotic resistance profile 
is essential to direct clinicians on the rational antibiotic prescribing. The study was 
conducted to determine the microbial isolates and antibiotic susceptibility profiles 
of pathogens from a range of clinical samples in a tertiary hospital in Edo Central 
senatorial district in Edo state, Nigeria. Methods: The study was a retrospective 
analysis of microbiological isolates from clinical specimens collected between 
January 2016 and December 2019, using standard techniques from out-patient clinic 
attendees. Chi-square test was used to compare the association of type of bacterial 
isolates with patients’ sex, with the level of significance p set as <0.05. Prevalence 
rates of bacterial isolates and Resistance rates were calculated for each antibiotic used 
in microbiological culture. Results: Out of 3,247 clinical specimens processed, 994 
(30.6%) showed microbial growth with 436 (43.9%) as gram-positive and 558 (56.1%) 
gram-negative bacterial isolates. Escherichia coli made up 286 (28.8%) of all isolates. 
Resistance to common antibiotics including cotrimoxazole, Tetracycline, Erythromycin 
and Cloxacillin were high for both microbial groups. Sensitivity to carbapenems, 
nitrofurantoin, and cephalosporins was high for gram-negative bacteria. Gram-positive 
bacteria exhibited high sensitivity to carbapenems and cephalosporins. Conclusion: 
High rates of resistance to common antibiotics were observed for gram-positive and 
gram-negative isolates. Hospital pharmacies and treatment guidelines should be made 
to reflect the current patterns of resistance to available antibiotics.
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Introduction
Bacterial infections continue to contribute significantly to the 
overall morbidity and mortality from infectious diseases in 
developing countries despite the availability of antibiotics. [1] 
The rising threat of Antimicrobial Resistance (AMR) described 
as a global public health challenge of the 21st century, increases 
the frailty of human existence by increasing vulnerability to 
bacterial infections that were hitherto treatable with available 
antibiotics. [2] Antibiotic-resistant bacteria are difficult to treat, 
limit therapeutic options, prolong hospitalization and require 
higher doses and probably drugs with higher tendencies for 
toxicity. [3] The slow progress with the development of new 
antibiotics to replace the first-line drugs to which bacteria have 
become resistant further compounds the problem. In the past 
50 years, only two new classes of antibacterial drugs have been 
developed and introduced into clinical practice. [4] Even when 
a promising drug or vaccine exists, the high cost of production 
and length of time between regulatory approval and deployment 
reduces its availability. [5,6] Several studies in developed and 
developing countries describe the rising patterns of bacterial 
resistance. In a study of uropathogens in Western Nigeria, 
35.8% of urine samples yielded bacterial growth with the 
majority, 25.6% identified as Escherichia coli. All were found 

to be resistant to at least 3 commonly used drugs. [7] In another 
study, Nmema et al. investigated the antibiotic susceptibilities 
and resistance mechanisms of Pseudomonas aeruginosa 
isolated from clinical samples collected from patients in a 
tertiary hospital in Lagos, Nigeria. Half of the isolates were 
multidrug-resistant, and 40% were resistant to imipenem and 
meropenem, a group of antibiotics considered as the last line for 
Gram-negative infections. [8]

The increasing occurrence of resistant bacterial pathogens 
necessitates that patterns of infection and antibiogram profile 
of community-acquired bacterial infections are reviewed 
periodically, and the information used to guide the development 
of local treatment guidelines and hospital antibiotic policies 
that will guide the use of antibiotics. [9] This is also vital for 
empirical treatment of patients, a common practice where Medical 
Microbiology laboratory diagnostic capacity is limited. [10]
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The present study was carried out to investigate the bacteria 
and their prevalence in clinical samples submitted for 
microbiological analysis from the out-patient clinics at a 
tertiary teaching hospital in Edo State, Nigeria, determine the 
antimicrobial susceptibility pattern of isolates and describe the 
patients’ age and sex distribution for the isolates.

Materials and Methods
Study area
The study was carried out in a 375-beds tertiary teaching 
hospital in rural Edo state, South-south Nigeria. Located along 
the Benin-Abuja expressway in Irrua, the headquarters of Esan 
Central Local Government Area (LGA) in Edo Central Senatorial 
District, the hospital serves the state and neighbouring states of 
Delta, Kogi and Ondo. The hospital is one of 2 tertiary Health 
Institutions in the state and provides a comprehensive spectrum 
of clinical, promotive, preventive and rehabilitative services 
to the people in Edo state, particularly Esan central senatorial 
district, and neighbouring states.

Study design
The study was a retrospective cross-sectional analysis of Medical 
Microbiology laboratory test results of samples collected 
between January 2016 and December 2019. Bacteriological 
data over this period were retrieved from the laboratory result 
logbook using a pre-designed data extraction sheet. Age and 
sex of the patient, clinic name, specimen type, bacteriological 
culture and antibiotic susceptibility profile were documented.

Sample collection and characterization
Specimens were collected from all from patients attending 
the out-patient clinics of the hospital over the study period. 
Specimens were collected using standard methods of specimen 
collection and in line with standard operating procedures in 
use in the laboratory. [11] They were delivered to the laboratory 
within one hour of collection and analysis started the same 
day. Inoculated agar plates were incubated at 37°C for 16–48 
hours. Culture and identification of bacteria followed Standard 
Operation Procedures of the Medical Microbiology Department. 
Culture media used for isolation of the microorganisms 
included Blood agar, MacConkey agar, CLED and Chocolate 
agar. Presumptive identification was based on Gram staining 
reaction and colony characteristics. Discrete colonies were 
sub-cultured for 24 hours at 37°C on Nutrient agar to purify 
the isolates. Confirmatory tests were based on the enzymatic 
and biochemical properties of the pure colonies. Gram-negative 
rods were identified by biochemical tests including oxidase, 
motility, indole, citrate, lysine decarboxylase, urease, and 
Triple Sugar Iron (TSI). Gram-positive cocci were identified 
based on their Gram reaction, catalase, and coagulase test 
results. All procedures were carried out in line with standard 
microbiological methods. [12,13] Patients’ age and sex were also 
collected.

Antibiotic agents
Antibiotic discs containing Ceftazidime CAZ (30 µg), 
Cefuroxime CRX (30 µg), Cefixime CMX (5 µg), Gentamicin 
GEN(10 µg), Ofloxacin OFL (5 µg), Amoxicillin–clavulanic 

acid AUG (30 µg), Nitrofurantoin NIT (300 µg), Cloxacillin 
CXC (5 µg), Ceftriaxone CTR (30 µg) Tetracycline TE (30 µg), 
Streptomycin S (30 µg), Clindamycin DA (30 µg), Erythromycin 
ERY(5 µg), NalidixicacidNA (30 µg), Ceftazidime CAZ (30 µg), 
Chloramphenicol (30 µg), Amoxycillin (10 µg), Cotrimoxazole 
(25 µg), Azithromycin AZM (15 µg), Retapamulin Ciprofloxacin 
CIP (30 µg) and Meropenem (10 µg) were chosen based on local 
utilization patterns, obtained from Oxoid Laboratories (Oxoid, 
UK) and used as instructed by the manufacturer.

Antibiotic susceptibility testing
Antimicrobial susceptibility testing was carried out using 
the Kirby-Bauer disc diffusion method and was reported in 
conformity with the Clinical and Laboratory Standards Institute 
(CLSI) guidelines (CLSI, 2017). After adjustment to 0.5 
McFarland, a standard inoculum of each isolate was swabbed 
on a Mueller-Hinton agar plate using a sterile cotton swab stick. 
Using sterile forceps, the antibiotic discs were placed aseptically 
on the seeded agar plates and incubated in an inverted position, 
at 35°C for 16-18 hours and thereafter examined for clear zones 
of inhibition. Inhibition Zone Diameters (IZD) around each 
antibiotic disc were measured using a calibrated transparent 
ruler and recorded in millimetres. A standardized table was used 
to determine if each bacterium was ‘Resistant’, ‘Intermediate’ 
or ‘Sensitive’. [14] For the purpose of analysis, Isolates with 
intermediate or resistant results were merged as resistant. [15]

Quality control of culture and susceptibility testing was achieved 
using American Type Culture Collection (ATCC) standard 
reference strains Staphylococcus aureus (ATCC-25923), 
Escherichia coli (ATCC-25922), and Pseudomonas aeruginosa 
(ATCC 25853). Negative control was by a random selection 
of uninoculated culture media and incubation overnight for 
evidence of growth.

Data Analysis
Data were analysed with SPSS version 20(IBM Corporation, 
Armonk, NY, USA. Proportions of bacterial isolates and 
antibiotic sensitivities and resistances were presented as 
frequency tables. Prevalence rates of bacteria isolates were 
calculated as the frequency of identification of the bacterial 
species divided by the total number of all the bacteria species 
identified. Resistance rates were calculated for each antibiotic 
and each bacterial isolated by dividing the number of resistant 
isolates by the total number of isolates. [16] The overall resistance 
rates of each antibiotic were calculated as the number of bacteria 
resistant to antibiotic over the total number of bacteria isolates 
tested. [17] Chi-square test of association was used to compare 
the proportion of bacterial isolates with patients’ age and sex, 
with the level of significance p set as <0.05. Multiple Antibiotic 
Resistance (MAR) index was calculated for each isolate as the 
number of antibiotics to which the isolate is resistant/ Total 
number of antibiotics against which isolate was tested. [18]

Results
A total of 3,247 patient specimens from the out-patient clinics 
met the eligibility criteria. The samples were from females 
1,581(48.7%) and from males 1,666(51.3%) The <9 years age 
group made up the highest proportion of patients accounting for 
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43.0%. Urine was the predominant specimen submitted,2058 
(59.3%); followed by blood, 366 (19.6%). Out of 3,247 samples, 
967 (42.5%) from the General Out-Patient Clinic (GOPD), 850 
(52.3%) from the Children’s Emergency Room (CHER), 444 
(13.7%) from the Accident and Emergency 164 (5.1%) from the 
Medical Out-Patient Clinic (MOPD). Other clinics from where 
samples were collected are shown in Figure 1.

Nine hundred and ninety-four (30.6%) samples showed 
significant microbial growth while 10 (0.3%) showed mixed 
growth and were excluded from further analysis. The remaining 
samples, 2,243(69.1%), either had no growth or insignificant 
growth. Four hundred and thirty-six (43.9%) isolates were 
Gram-positive, while 558(56.1%) isolates were Gram-negative. 
Urine yielded the most isolates 337(33.9%), followed by wound 
swab, 149 (15.0%), throat swab 120(12.1%) and sputum 115 
(11.6%) [Table 1]. Most common bacterial species isolated 

was Escherichia coli 286 (28.8%), followed by Staphylococcus 
aureus 239 (24.0%) and Streptococcus pneumoniae 188 (18.9%), 
Others included Citrobacter species 50 (5.03%), Enterobacter 
species 62 (6.2%), Klebsiella species 53 (5.3%), Moraxella 
species 6 (0.6%), Proteus vulgaris 32 (3.2%), Pseudomonas 
aeruginosa 67 (6.7%), Serratiamarcella 1 (0.1%), Providencia 
species 1 (0.1%), Coagulase-negative staphylococcus species 6 
(0.6%) and Xanthomonas species 1 (0.1%). Significantly more 
blood samples and wound swabs were received from males 
compared to females (p=0.02 and p=0.04 respectively), and 
urine from females compared to males (p=0.03). There was 
no significant association between sample type and sex for 
other samples. Isolates of Escherichia coli were significantly 
more predominant in samples from females compared to males 
(p=0.03) and Pseudomonas species in males compared to 
females (p<0.01) [Table 2].

Figure 1: Clinic name. GOPD: General Outpatient Clinic, CHER: Children’s Emergency Room, A & E: Accident and Emergency, PNC: Post-Natal 
Clinic, MOPD: Medical Out-Patient Clinic, MCH: Maternal and Child Health Unit, SOPC: Surgical Out-Patient Clinic, Gynae Clinic: Gynaecology Clinic, 
POPC: Paediatric Out-Patient Clinic, OOPD: Orthopedic Out-Patient Clinic, COPD: Consultants Out-Patient Clinic, ENT: Ear Nose and Throat Clinic.

Table 1: Distribution of clinical Specimens (n=994).
Variable Frequency Percentage

Type of specimen
Urine 337 33.9

Sputum 115 11.6
throat swab 120 12.1

Wound swab 149 15
Ear swab 57 5.7

Blood 55 5.5
Eye swab 17 1.7

ECS 35 3.5
HVS 31 3.1

Aspirate 17 1.7
Seminal fluid 5 0.5

Stool 50 5
Urethral swab 5 0.5

CSF 1 0.1
Sex distribution

Male 436 43.9
Female 554 56.1

Age group (years)
<9 517 52

Oct-19 80 8.1

Table 2: Bivariate analysis of specimen type and Isolates by sex 
of patient.

Variable Female Male χ2 P-value
Type of specimen

Blood 23 32 5.89 0.02*
CSF 1 - Not applicable

Ear swab 30 27 0.6 0.44
ECS 35 - Not applicable

Eye swab 7 10 1.9 0.17
HVS 31 - Not applicable

Pus aspirate 9 8 0.15 0.7
Seminal fluid - 5 Not applicable

Sputum 70 45 0.59 0.44
Stool 22 28 3.95 0.05

Throat swab 61 59 2.52 0.11
Urethral swab - 5 Not applicable

Urine 209 128 4.18 0.04*
Wound swab 74 75 4.46 0.04*

20-29 96 9.7
30-39 113 11.4
40-49 90 9.1
>50 98 9.6
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Type of Isolate
Escherichia coli 179 107 4.18 0.04*
Serratiaspecies 1 - Not applicable

Citrobacter species 31 19 0.43 0.51
Providencia species 1 Not applicable
Enterobacter species 32 30 0.95 0.33

Klebsiella species 35 18 1.65 0.2
Proteus vulgaris 14 18 2.58 0.11
Pseudomonas 

aeruginosa 24 43 13.88 <0.01*

Xanthomonas species 1 - Not applicable
Moraxella species 4 2 0.21 0.65

Coagulase-negative 
Staphylococcus 4 2 0.21 0.65

Streptococcus 
pyogenes - 2 Not applicable

Staphylococcus 
aureus 143 96 0.67 0.41

Streptococcus 
pneumoniae 104 84 0.47 0.49

*: Significant, NA: Not Applicable, CSF: Cerebrospinal Fluid, ECS: 
Endocervical Swab, HVS: High Vaginal Swab.

Escherichia coli were the most frequently isolated pathogen 
accounting for 28.8% (286/994) of all isolates, and 51.3% of 
gram-negative pathogens (286/558). Staphylococcus aureus, 
239 (54.8%) was the predominant gram-positive isolate.

Staphylococcus aureus was the predominant isolate from blood 
35 (62.5%), ear swab 24 (42.1%), endocervical swab 20 (57.1%), 
High Vaginal Swab (HVS) 15 (48.4%), pus aspirate 9 (52.9%), 
Seminal fluid 4 (80.0%), urethral swab 4 (80.0) and wound 
swab 64 (42.7%). Escherichia coli was the predominant isolate 
in urine 192 (57.0%) and stool 41 (82.0%). Predominant isolate 
from throat swab and sputum was Streptococcus pneumoniae, 
98 (81.7%) and 72 (62.6%) respectively. Cerebrospinal fluid 
yielded Enterobacter species, 1 (100.0%) [Table 3].

Gram-positive pathogens generally showed high resistant rates 
to Cotrimoxazole, Tetracycline, Cloxacillin, Erythromycin 
(93.1%, 86.4%, 72.5%, and 68.1% respectively), and least 
resistance to Meropenem (0.0%), Retapamulin (0.0%), 
Azithromycin (0.0%), Cefixime (28.0%), Ceftazidime (35.8%), 
Ceftriaxone (24.5%), and Chloramphenicol (30.6%). All 
isolates had a MAR >0.2 [Table 4].

Table 3: Distribution of bacterial isolates from clinical specimens (n =994).

Isolates Blood CSF Ear 
swab ESC Eye 

swab HVS pus Seminal 
fluid

Spu-
tum Stool Throat 

swab
Urethral 

swab Urine Wound 
swab

Gram-negative
Citrobacter species 1 (1.7) 1(2.6) 1 (5.0) 1 (3.2) 3 (2.6) 2 (4.0) 2 (1.7) 30 (8.9) 9 (6.0)

Escherichia coli 5 (9.0) 2 (3.5) 6 (17.1) 1 (5.9) 9 (29.0) 4 (23.2) 1 (20.0) 3 (2.6) 41 
(82.0) 2 (1.7) 192 

(57.0)
20 

(13.4)
Enterobacter 

species
1 

(100.0) 1 (1.7) 2 (5.7) 1 (5.9) 2 (6.5) 3 (17.6) 7 (6.1) 4 (8.0) 3 (2.5) 1 (20.0) 24 (7.1) 13 (8.7

Klebsiella species 4 (7.2) 3 (5.7) 17 
(14.8) 6 (5.0) 19 (5.6) 4 (2.7)

Proteus species 4 (7.0) 1 (5.9) 2 (1.7 2 (4.0) 10 (3.0) 13 (8.7)
Providencia 

species 1 (0.3)

Pseudomonas 
aeruginosa 1 (1.8) 23 

(40.4) 1 (2.6) 1 (2.0) 1 (0.8) 19 (5.6) 21 
(14.1)

Serratia species 1 (0.7)
Moraxellaspecies 1 (1.8) 1 (2.6) 1 (0.9) 1 (0.3) 2 (1.3)

Xanthomonas 
species 1 (0.3)

Gram-positive
Staphylococcus 

aureus
35 

(62.5)
24 

(42.1) 20 (57.1) 11 
(64.7)

15 
(48.4) 9 (52.9) 4 (80.0) 9 (7.8) 8 (6.7) 4 (80.0) 36 

(10.7)
64 

(43.0)
Coagulase-Nega-
tive Staphylococ-

cus species
1 (1.8) 1 (2.6) 1 (3.2) 1 (0.9) 2 (0.6)

Streptococcus 
pyogenes 1 (5.9) 1 (0.7)

Streptococcus 
pneumoniae 7 (12.7) 2 (3.5) 3 (8.6) 2 (11.8) 72 

(62.6) 98(81.7) 1 (0.3) 1 (0.7)

Grand Total 55 
(100.0)

1 
(100.0)

57 
(100.0)

35 
(100.0)

17 
(100.0)

31
(100.0)

17 
(100.0)

5 
(100.0)

115
(100.0)

50
(100.0)

120
(100.0)

5 
(100.0) 337 149 

(100.0)
CSF: Cerebrospinal Fluid, HVS: High Vaginal Swab

Table 4: Antibiotic resistance profile of gram-positive bacteria isolates.

Antibiotic Staphylococcus aureus Streptococcus pneumoniae Coagulase-negative 
Staphylococcus Total

#T R (%) #T R (%) #T R (%) #T        R (%)
Tetracycline 23 18 (78.3) 65 64 (98.5) NT 88 76 (86.4)
Gentamicin 225 82 (18.9) 160 96 (60.0) 6 3 (50.0) 391 181 (46.3)
Cefuroxime 173 56 (32.4) 83 53 (63.9) 5 3(60.0) 261 112 (42.9)
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The Gram-negative isolates showed high rates of resistance to 
Erythromycin (95.6%), Amoxycillin (100.0%), Tetracycline 
(88.3%), Cloxacillin (96.9%), Amoxicillin–clavulanic acid 
(96.9%) and Cotrimoxazole (93.2%). The lowest resistances 
were shown against Nitrofurantoin (23.2%), Cefixime (17.5%) 
and Meropenem (0.0%). All isolates had MAR index >0.2 
[Table 5].

The resistance profiles of the isolates showed that all the isolates 
were resistant to at least one or more antimicrobial agents and 
a majority (75%) of the isolates were resistant to more than 3 
antimicrobial agents.

Discussion
In the study, the majority of the specimens had no bacterial 

growth possibly because the patients may have taken antibiotics 
before coming to the clinic, as the practice of self-medication 
is high in country. [19] The higher proportion of isolates from 
females tallies with findings from other studies. [20,21]

In this study, Gram-positive pathogens were the predominant 
isolates, unlike other studies where Gram-negative pathogens 
dominated. [6,9,22,23] The high prevalence of Streptococcus 
pneumoniae in respiratory specimen has been similarly reported 
in other studies [24,25], at variance with a study in India where 
Klebsiella pneumoniae was the predominant isolate from 
respiratory tract specimens. [22] Streptococcus pneumoniae is 
responsible for 80% of community-acquired pneumonia across 
all age groups. [25,26] Streptococcus pneumoniae was found to have 
high rates of resistance to readily available first-line antibiotics 

Augmentin 223 74 (33.2) 176 89 (50.6) 6 3 (50.0) 405 166 (41.0)
Cloxacillin 166 92 (37.3) 115 111 (96.5) 3 3 (100.0) 284 206 (72.5)
Cefixime 13 7   (53.8) 12 0 (0.0) NT 25 7 (28.0)

Ceftazidime 205 72 (35.1) 127 47 (37.0) 6 2 (33.3) 338 121 (35.8)
Ceftriaxone 168 41  (24.4) 117 29 (24.8) 5 1 (20.0) 290 71 (24.5)

Cotrimoxazole 29 23 (79.3) 73 72 (98.6) NT 102 95 (93.1)
Amoxycillin 7 3 (42.9) 19 12 (63.2) NT 26 15 (57.7)
Ofloxacin 212 112 (52.8) 123 50 (40.7) 7 6 (85.7) 342 168 (49.1)

Chloramphenicol 16 7 (43.8) 33 8 (24.2) NT 49 15 (30.6)
Erythromycin 183 100 (54.6) 142 120 (84.5) 4 4 (100.0) 329 224 (68.1)
Streptomycin 12 2 (16.7) 35 27(77.1) NT 47 29 (61.7)
Meropenem 7 0 (0.0) 10 0 (0.0) NT 17 0 (0.0)
Clindamycin 1 1 (100.0) NT NT 1 1 (100)
Retapamulin 1 0 (0.0) 4 0 (0.0) NT 5 0 (0.0)
Azithromycin NT 3 0 (0.0) NT 3 0 (0.0)
MAR index 0.88 0.76 1

#: T number of isolates tested against each antimicrobial agent, R%: Percentage of isolates resistant to the antimicrobial agent, NT: Not Tested

Table 5:  Antibiotic response to gram-negative organisms.

Antibiotic
Escherichia 

coli
Enterobacter 

species
Klebsiella 
species

Pseudomonas 
aeruginosa

Proteus 
species

Citrobacter 
species Total

#T R (%) #T       R(%) #T        R (%) #T        R (%) #T         R (%) #T         R (%) # T   R (%)
Tetracycline 36 33 (91.7) 5 3 (60.0) 12 10(83.3) 3 3(100.0) 2 2(100.0) 2 2 (100.0) 60 53 (88.3)

Gentamicin 224 106(47.3) 59 31 (52.5) 51 16(31.3) 63 37 (58.7) 28 9 (32.1) 46 27 (58.7) 471 226 
(48.0)

Cefuroxime 163 110(67.5) 46 38 (82.6) 29 20 (68.9) 48 46 (95.8) 24 14 (58.3) 32 20 (62.5) 342 248(72.5)
Amoxicillin–clavulanic 

acid 237 207(87.3) 55 49(89.0) 47 32(68.1) 65 58(89.2) 28 20 (71.4) 46 43(93.5) 478 409 
(85.6)

Cloxacillin 68 65 (95.6) NT NT 26 26 
(100.0) NT NT 17 17 

(100.0) 18 17 (94.4) 129 125 
(96.9)

Cefixime 52 9 (17.3) 13 1(7.7) 12 2 (16.7) 9 2 (22.2) 3 0 (0.0) 8 3 (37.5) 97 17 (17.5)

Ceftazidime 204 95 (46.6) 47 31 (65.9) 43 19 (44.2) 55 26 (47.3) 27 6 (22.2) 45 25 (55.6) 421 202 
(48.0)

Ceftriaxone 116 48 (41.4) 38 30 (78.9) 30 8 (26.7) 42 21 (50.0) 22 4 (18.2) 20 19 (95.0) 268 130 
(48.5)

Cotrimoxazole 42 39(92.9) NT NT 9 9(100.0) 5 4 (80.0) 2 2(100.0) 1 1(100.0) 59 55 (93.2)
Amoxycillin 37 37 (100.0) 3 3(100.0) 5 5 (100.0) 2 2 (100.0) 2 2 (100.0) 3 3 (100.0) 52 52(100.0)

Ofloxacin 232 114 (49.1) 56 19 (33.9) 45 13 (28.9) 64 41 (64.1) 28 11 (39.3) 47 22 (46.8) 472 220 
(46.6)

Nitrofurantoin 162 14 (8.6) 18 5(27.8) 16 8 (50.0) 20 18(900.0) 11 6 (54.5) 23 7 (30.4) 250 58 (23.2)
Meropenem 20 0 (0.0) 4 0 (0.0) 6 0 (0.0) NT NT 4 0 (0.0) 1 0 (0.0) 35 0 (0.0)
Ciprofloxacin 47 37 (78.7) NT NT 6 5 (83.3) 10 9 (90.0) NT NT 21 8 (38.1) 84 59 (70.2)

Erythromycin 75 71 (94.7) 30 29 (96.7) 26 26 
(100.0) 39 36 (92.3) 20 19 (95.0) 14 14 

(100.0) 204 195(95.6)

Nalidixic acid 31 22(70.9) 3 3 (100.0) 3 3(100) 2 2 (100) NT NT 1 0 (0.0) 40 30(75.0)
MAR index 0.93 0.92 0.93 1 0.86 0.88
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and low rates of resistance to cephalosporins, carbapenems, 
Ofloxacin and Chloramphenicol. This finding corroborates a 
report from the Nigeria Centre for Disease Control. [27] A high 
rate of resistance to streptomycin is corroborated by other 
studies. [9] Contrary to this, Beyene et al. in their study in 
Ethiopia reported Streptococcus pneumoniae isolates with high 
resistance rates to oxacillin and low resistance to common first-
line antibiotics. [24] High rates of resistance to carbapenems and 
quinolones have also been documented. [6]

The most common pathogen isolated from blood specimen was 
Staphylococcus aureus, in agreement with other studies. [9,23] The 
higher prevalence in the younger age group has similarly been 
documented. [28] Staphylococcus aureus showed high resistance 
to Amoxycillin, tetracycline, cotrimoxazole and low resistance 
to gentamycin, meropenem and Amoxycillin-clavulanic acid. 
Similar results have been reported. [23,24]

The high prevalence of E. coli isolates from urine specimen 
has been reported in other studies [29–31], and contrary to 
studies where Staphylococcus aureus [32] and Klebsiella spp 
[6] were the dominant uropathogens. E. coli was significantly 
isolated more from females than males, as similarly reported. 
[23,29,31] E. coli was found to be highly resistant to Tetracycline, 
Cotrimoxazole, Amoxycillin and Erythromycin and sensitive to 
Nitrofurantoin, gentamicin, Amoxycillin-clavulanic acid and 
the extended-spectrum Cephalosporins, in tandem with findings 
from other studies. [17,24,27,33,34] Nitrofurantoin, Gentamycin and 
Cephalosporins are indeed recommended for the empirical 
treatment of uncomplicated urinary tract infections and are 
available as oral preparations. [35] On the other hand, high 
resistance to Nitrofurantoin was observed in a study carried 
out in Cameroon. [30] Klebsiella species, the second common 
uropathogen in this study, showed high resistance to nalidixic 
acid and tetracycline and sensitivity to the cephalosporins. In 
contrast, high levels of resistance to cephalosporins have been 
documented in some studies. [6,10] The isolation of E. coli and 
Klebsiella species as primary pathogens responsible for urinary 
tract infection in this study agrees with other studies. [36]

The frequency of isolation of other gram-negative pathogens 
(Citrobacter species, Proteus species, Pseudomonas aeruginosa, 
Serratiamarcella, Providencia species and Xanthomonas 
species) was low, consistent with other studies [32] and 
susceptibility ranged from highly sensitive to cephalosporins to 
resistant to common first-line antibiotics in tandem with some 
studies [34], and contrary to another study where resistance to 
cephalosporins was high. [6]

The finding in this study that gram-positive and negative bacterial 
pathogens are generally resistant to common inexpensive 
antibiotics is a reflection of the damage caused by inappropriate 
prescription practices including over-prescription and under-
prescription, misuse by the public fuelled by the availability 
of these cheap antibiotics over the counter and the sale of sub-
standard antibiotics. This is in addition to the selection pressures 
that cause mutations and the spread of resistant strains in the 
community. Of note is the rising resistance to cefuroxime, as 
has been documented. [37]

Enterococcus faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa, and Enterobacter species, have been given the 
acronym ESKAPE and as they tend to be multidrug-resistant 
and capable of “escaping” the biocidal action of antimicrobial 
agents. [38] They pose a threat in healthcare settings particularly 
among patients on invasive devices such as ventilators and 
blood catheters causing severe and often deadly bloodstream 
infections and pneumonia. Bacteria within the group have been 
demonstrated to be resistant to many antibiotics, including 
carbapenems and 3rd generation cephalosporins. [12] In this 
study, 4 of the ESKAPE pathogens were identified from the 
clinical samples, together making up 24.2% of the total isolates 
in the study. They included Staphylococcus aureus (15.9%), 
Klebsiella pneumoniae (6.2%), Pseudomonas aeruginosa 
(1.4%), and Enterobacter species (0.7%).

Conclusion
Gram-positive bacteria predominated among the outpatient’s 
samples tested. Gram-positive bacteria showed high resistance 
rates to Cotrimoxazole, Erythromycin, Cloxacillin, tetracycline, 
Amoxycillin-Clavulanic acid and Amoxycillin. Gram-negative 
bacteria showed high resistance to Tetracycline, Cotrimoxazole 
and Cloxacillin. The high rate of resistance to cefuroxime 
observed may be due to its availability over the counter, oral 
formation, poor dosing and poor compliance among the 
outpatient population.

Prescribers are left with a limited range of routinely used 
antibiotics to choose from as well as the increasing risk of 
resistance developing in the more expensive newer generation 
antibiotics. Hospital pharmacies should be stocked to reflect the 
current patterns of resistance to available antibiotics. Treatment 
guidelines should reflect the antibiotic resistance pattern 
to community-acquired infections. Interventions to reduce 
resistance including restrictions on over-the-counter sale of 
antibiotics should be strengthened. First-line antibacterial drugs 
showing marked reduction of efficacy should be withdrawn and 
reintroduced after a few decades (Antimicrobial recycling).
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