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 Implication for health policy/practice/research/medical education:
This study has highlighted the need to include asymptomatic bacteriuria investigation as part of the medical laboratory examina-
tion for students especially new entrants, in tertiary institutions as we have observed that they could be incubating asymptomatic 
infection and ordinarily would not go to see a doctor. Finally, the study also provides information on the likely choice of antibiotics 
to treat infections that might arise from these organisms. 

c 2012, AJUMS. Published by Kowsar M.P.Co. All rights reserved.

organisms or can itself be pathogenic, causing disease 
at intestinal and extra-intestinal sites (1, 2). E. coli strains 
that cause disease within the intestinal tract are referred 
to as diarrheagenic E. coli, and the major pathotypes are 
enterotoxigenic E. coli (ETEC), enteropathogenic E. coli 
(EPEC), enteroinvasive E. coli (EIEC), enterohemorrhagic 
E. coli (EHEC), enteroaggregative E. coli (EAggEC), and dif-
fusely adherent E. coli (DAEC) (3). Strains of E. coli that 
cause disease outside of the gastrointestinal tract are 
referred to as extra-intestinal pathogenic E. coli (ExPEC) 
and are divided into uropathogenic E. coli (UPEC), strains 
causing neonatal meningitis, and septicemic E. coli (4-

1. Background
Escherichia coli is a bacterium commonly found in the 

large intestine of humans and other warm-blooded 
animals. Depending upon the particular strain that is 
present, it can provide resistance against pathogenic 

Background: Asymptomatic bacteriuria can develop into symptomatic urinary tract in-
fection. 
Objectives: This study investigated asymptomatic Escherichia coli bacteriuria among un-
dergraduate students of Nasarawa State University, Keffi, Nigeria, and the antimicrobial 
susceptibility of bacterial isolates from these subjects.
Patients and Methods: Four hundred urine samples were collected from consenting 
healthy male and female students. The bacterial load of each sample was determined by 
spread plate count on nutrient agar. E. coli was isolated and antimicrobial susceptibility 
of the isolates to common antibiotics was evaluated by the disc-diffusion method.
Results: Of the urine samples, 80 (20%) showed significant bacteriuria, with a higher 
prevalence in females (25%) than in males (15%). While 60% of E. coli isolates from male 
samples were susceptible to pefloxacin or gentamicin, 3.3% were susceptible to amoxicil-
lin/clavulanic acid. Twenty-seven (90%) E. coli isolates from male samples had multiple 
antibiotic resistance (MAR), with 37% being resistant to 5 antibiotics and possessing MAR 
indices of 0.5. Forty-nine (98%) of the E. coli isolates from female samples had MAR, with 
13 (26.5%) being resistant to 6 antimicrobial agents and possessing MAR indices of 0.6.
Conclusions: Significant bacteriuria is observed among the students of Nasarawa State 
University, with a higher prevalence in females than in males. Pefloxacin, ofloxacin, and 
gentamicin are effective against E. coli isolates from the urine of these students. 
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6). UPEC is the most common pathotype of ExPEC and is 
found in patients with urinary tract infections (UTIs) (7). 
UTIs are among the most common bacterial infections 
acquired in the community and in hospitals worldwide 
(8). 

UTI is defined as the presence of significant numbers 
of pathogenic bacteria, or other organisms, in the uri-
nary system (9, 10). When these bacteria are present in 
the urinary tract (UT) of patients who do not exhibit 
symptoms normally associated with UTI (e.g., pain, fre-
quency, and urgency), it is termed bacteriuria (11). Under 
these conditions, E. coli strains exist in an asymptomatic 
carrier state without any obvious symptoms of UTI (12). 
Bacteriuria may result from contamination during or af-
ter collection of urine, or it may indicate the presence of 
bacteria in the urinary bladder. Bacteriuria is said to be 
significant when urine contains a bacterial count of ≥105 
CFU/mL in voided midstream urine, aseptically collected 
from an individual without symptoms of UTI (13). Asymp-
tomatic bacteriuria occurs more frequently in females 
than in males and is a major criterion of UTI (14).

2. Objectives
E. coli is among the most common bacterial causes of 

UTIs (15-25). Hence, in order to determine antibiotics that 
may be used against this organism, it is necessary to pe-
riodically investigate the prevalence of asymptomatic E. 
coli bacteriuria and to isolate and test the bacterium for 
its susceptibility to antimicrobial agents. Therefore, this 
study aimed to evaluate E. coli bacteriuria in healthy un-
dergraduate students of Nasarawa State University, Keffi, 
Nigeria.

3. Patients and Methods
3.1. Study Area

The study was carried out in Nasarawa State University, 
Keffi, in Nasarawa State of Nigeria. Nasarawa State shares 
boundaries with Kaduna, Plateau, and Kogi States, and 
Federal Capital Territory (FCT) Abuja. Keffi is approxi-
mately 68 km from the municipal town of Abuja and 128 
km from Lafia, the Nasarawa State capital. The town lies 
between latitude 8° 5´ N of the equator and longitude 7° 
5´ E of the Greenwich meridian at an altitude of 850 m 
above sea level (26).

3.2. Sample Population, Exclusion Criteria, and Collec-
tion

The study population included 400 (200 males and 200 
females) undergraduate students of the Nasarawa State 
University, Keffi. Volunteers, who gave their informed 
consent, included non-pregnant students and those who 
were not on antimicrobial therapy at the time of sample 
collection, or who had not taken antimicrobials within 
2 weeks prior to sampling. Samples of early morning, 
mid-stream, and clean-catch urine were collected in 15- 
to 20-mL volumes in batches using sterile, wide-necked, 
leak-proof universal bottles. The urine samples were la-
beled and immediately transported to the Microbiology 
Laboratory of Nasarawa State University for analysis.

3.3. Bacterial Burden of Urine

One milliliter of each urine sample was diluted serially 
to a ratio of 1:106 with sterile distilled water. Aliquots of 
each diluted sample (0.1 mL) were spread on the surface 

Total Viable Bacteria (×106) CFU/mL
    Samples With Load, No  Frequency of Occurrence, %

Male Female Male Female

50–59 20 15 10.0 7.5

60–69 19 10 9.5 5.0

70–79 10 13 5.0 6.5

80–89 10 9 5.0 4.5

90–99 12 8 6.0 4.0

100–109 8 17 4.0 8.5

110–119 20 10 10.0 5.0

120–129 19 18 9.5 9.0

130–139 15 13 7.5 6.5

140–149 10 12 5.0 6.0

150–159 15 18 7.5 9.0

160–169 12 10 6.0 5.0

170–179 5 4 2.5 2.0

180–189 10 7 5.0 3.5

190–199 5 8 2.5 4.0

200–209 10 20 5.0 10.0

210–219 - 8 - 4.0

Table 1. Bacterial Burden in the Urine of Asymptomatic Male and Female Undergraduate Students of Nasarawa State University, Keffi, Nigeria
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of dried sterile nutrient agar (NA; Merck KGaA, Darm-
stadt, Germany) and the plates were then incubated 
at 37°C for 18 h. Colonies were counted and only plates 
showing 50–300 CFU were selected for computation of 
the bacterial load (CFU/mL) of urine samples. 

3.3. Isolation and Identification of Bacteria From Sam-
ples

Samples were first cultured on MacConkey agar (MAC; 
Sigma-Aldrich Chemie GmbH, Germany) to isolate lac-
tose fermenters (pink or red colonies). Pink colonies 
were then transferred to eosin methylene blue agar 
(EMB; BIOTEC Laboratories Ltd, Ipswich, UK) to differenti-
ate E. coli (on the basis of its metallic sheen when grown 
on EMB) from other lactose fermenters. Suspected E. coli 
colonies were further confirmed biochemically by “IM-

ViC” (Indole, Methyl Red, Voges-Proskauer, and Citrate) 
tests. Pink or red colonies that grew with a metallic 
sheen on EMB and that were indole-positive, methyl red-
positive, Voges-Proskauer-negative, and citrate-negative 
were identified as being E. coli. Isolates were either used 
immediately or were maintained on slants of NA (Merck 
KGaA) at 4°C for future use. All chemicals used were from 
BDH Laboratory Supplies, Poole, England.

3.4. Antibiotic Susceptibility Testing

Susceptibility testing of all isolates was carried out by 
the disc-diffusion technique in accordance with Clinical 
and Laboratory Standards Institute criteria (27) using 
gram-negative multi-antibiotic discs (Abidec Company, 
England) containing the following antimicrobials and 
disc content (in µg): amoxicillin (30 µg), sparfloxacin 

Samples with Significant Bacteri-
uria, No. (%)

Samples with Non-Significant Bac-
teriuria, No. (%)

Samples with No Growth, No. (%)

Male 30 (15.0) 110 (55.0) 60 (30.0)

Female 50 (25.0) 90 (45.0) 60 (30.0)

Total 80 (20.0) 200 (50.0) 120 (30.0)

Table 2. The Occurrence of Bacteriuria Among Asymptomatic Male and Female Students of Nasarawa State University, Keffi, Nigeria

Antimicrobial Agents Disc Content, µg    Number of Isolates (% Susceptibility)

Male (n = 30) Female (n = 50)

Sulfamethoxazole/Trimethoprim (SXT) 30 6 (20.0) 15 (30.0)

Amoxicillin (AMX) 30 2 (6.7) 3 (6.0)

Pefloxacin (PEF) 30 18 (60.0) 33 (66.0)

Amoxicillin/Clavulanic acid (AUG) 30 1 (3.3) 3 (6.0)

Chloramphenicol (CH) 30 6 (20.0) 10 (20.0)

Gentamicin (GEN) 10 18 (60.0) 35 (70.0)

Streptomycin (STR) 30 10 (33.3) 20 (40.0)

Ciprofloxacin (CIP) 10 8 (26.7) 9 (18.0)

Ofloxacin (OFX) 10 16 (53.3) 31 (62.0)

Sparfloxacin (SPX) 10 8 (26.7) 15 (30.0)

Table 3. Rate of Susceptibility of Escherichia coli Isolated From Asymptomatic Male Students of Nasarawa State University, Keffi, Nigeria, to Common 
Antimicrobial Agents

Resistant to Antimicrobial Agents, No. MAR index a     Isolates With MAR, No. (%)

Male (n = 27) Female (n = 49)

3 0.3 3 (11.1) 2 (4.1)

4 0.4 5 (18.5) 4 (8.2)

5 0.5 10 (37.0) 4 (8.2)

6 0.6 8 (29.6) 13 (26.5)

7 0.7 5 (18.5) 8 (16.3)

8 0.8 6 (22.2) 9 (18.4)

9 0.9 4 (14.8) 5 (10.2)

10 1.0 - 4 (8.2)

Table 4. Multiple Antibiotic Resistances in Escherichia coli Isolated From Asymptomatic Male and Female Undergraduate Students of Nasarawa State 
University, Keffi, Nigeria

a MAR index, No. of antimicrobial agents the isolate is resistant to/No. of antimicrobial agents tested
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(10 µg), gentamicin (10 µg), pefloxacin (30 µg), chloram-
phenicol (30 µg), streptomycin (10 µg), ciprofloxacin (10 
µg), sulfamethoxazole/trimethoprim (30 µg), ofloxacin 
(10 µg), and amoxicillin/clavulanic acid (30 µg). E. coli 
ATCC 25922 was used as an internal control.

4. Results
The bacterial load of urine samples is shown in Table 

1. For urine samples from males, the most frequent bac-
terial load ranges were 50–59 (×106) CFU/mL and 110–119 
(×106) CFU/mL, each of which was obtained in 10% of the 
male samples examined. The least frequent ranges were 
170–179 (×106) CFU/mL and 190–199 (×106) CFU/mL, each of 
which was obtained in 3% of the male samples tested. In 
female samples, the most frequent bacterial load ranges 
were 200–209 (×106) CFU/mL, obtained in 10% of samples, 
and the least frequent was 170–179 (×106) CFU/mL ob-
tained in 2% of samples. 

The percentage of bacteriuria among the students was 
as shown in Table 2. The overall percentage of significant 
bacteriuria was 20%, with a higher prevalence of E. coli 
in females (25%) than in males (15%). The susceptibility 
of isolated bacteria to different antimicrobial agents is 
shown in Table 3. For male samples, 18 of the 30 (60%) E. 
coli isolates recovered were susceptible to pefloxacin and 
gentamicin, while only 1 isolate (3.3%) was susceptible to 
amoxicillin/clavulanic acid. For female samples, 33 (66%) 
of the 50 E. coli isolates recovered were susceptible to pe-
floxacin, 31 (62%) were sensitive to ofloxacin, and 35 (70%) 
to gentamicin, but only 3 (6%) were susceptible to amoxi-
cillin or amoxicillin/clavulanic acid.

In this study, we defined multiple antibiotic resistance 
(MAR) as resistance to at least 3 antimicrobial agents 
(27). The percentage frequency of MAR was as shown in 
Table 4. In male samples, 27 (90%) of 30 E. coli isolates re-
covered had MAR, with 10 isolates (37%) being resistant 
to 5 antimicrobial agents and possessing MAR indices of 
0.5. In female samples, 49 (98%) of the 50 E. coli isolates 
recovered had MAR, with 13 (26.5%) being resistant to 6 
antimicrobial agents and possessing MAR indices of 0.6. 
MAR indices > 0.2 indicated that such isolates originated 
from environments where antimicrobial agents are free-
ly available, leading to a high potential for misuse (28).

5. Discussion
Asymptomatic bacteriuria occurs frequently and is a 

major cause of UTI (14). This is because under favorable 
conditions, asymptomatic bacteriuria progresses to 
symptomatic (clinical) UTI (10, 29). Bacteria that colonize 
the UT may ascend towards the bladder to cause cystitis, 
which is usually associated with the classic symptoms of 
UTI (i.e., pain, frequency, and urgency). UTIs can proceed 
from the bladder, via the ureters, to the kidneys, where it 
can cause pyelonephritis, which may lead to irreversible 
kidney damage, renal failure, and death (30). The pres-
ence of bacteriuria among the students observed in this 
study is in agreement with previous findings that have 

demonstrated the presence of bacteria in urine without 
the occurrence of physical symptoms of UTI (10-12, 31-35). 

The low percentage of significant E. coli bacteriuria ob-
served among the students, despite bacterial growth oc-
curring in 50% of the urine samples, could be attributed 
to contaminants from procedural error or the presence 
of vaginal feces or perennial skin of the volunteers. The 
higher level of significant E. coli bacteriuria in females 
than in males is consistent with the findings of previous 
reports (14, 36). In addition, clinical UTIs are more com-
mon among females, with up to 60% of women having at 
least 1 episode in their lifetime (37). Factors such as short-
ness of urethra, sexual activity, contraceptive use, estro-
gen deficiency, diabetes, obstructing lesions, and genetic 
factors, such as blood group secretor status, increase the 
likelihood of women contracting a UTI (10, 29).

The generally similar antibiotic susceptibility pattern 
of the isolates from both male and female volunteers in-
dicates that antimicrobial treatment can be achieved in 
both sexes with similar drugs. The low susceptibility (i.e., 
higher resistance) of the isolates to the common and 
cheap orally administered antibiotics such as amoxicil-
lin, amoxicillin/clavulanic acid, chloramphenicol, and 
ciprofloxacin is not surprising because these drugs are 
more commonly misused, thereby leading to the devel-
opment of resistance, as previously reported (18). The 
higher susceptibility of isolates to other antibiotics such 
as gentamicin, ofloxacin, and pefloxacin was expected, as 
this has been reported previously (20).

 Gentamicin is administered parenterally and, there-
fore, due to the discomfort of injection, it is less likely to 
be misused than oral drugs. In contrast, ofloxacin and 
pefloxacin are relatively costly in Nigeria, and this limits 
their misuse. A MAR index > 0.2 indicates that bacteria 
originate from an environment where antibiotics are 
freely available and are misused (28). The findings of 
this study have highlighted the need to include assess-
ments of asymptomatic bacteriuria as part of the medi-
cal examination for students, especially new entrants, in 
tertiary institutions. Ordinarily such students would not 
attend a clinic, although as we have observed, they could 
be carrying an asymptomatic infection. Finally, our study 
also provides important information on the best choice 
of antibiotics to treat infections that might arise from 
these organisms.

Acknowledgements
We are grateful to the staff of the Microbiology Labora-

tory in Nasarawa State University, Keffi, for technical sup-
port and their positive attitude to the study.

Financial Disclosure
None Declared.

Funding/Support
The study was financially supported by the Nasarawa 



327Antimicrobial Susceptibility of E. coli Ngwai YB et al.

Jundishapur J Microbiol. 2012;5(1):323-327

State University, Keffi, Nigeria.

References
 1. Bailey MT, Engler H, Sheridan JF. Stress induces the translocation 

of cutaneous and gastrointestinal microflora to secondary lym-
phoid organs of C57BL/6 mice. J Neuroimmunol. 2006;171(1-2):29-
37.

 2. Salyers AA, Whitt DD, Microbiology ASf. Bacterial pathogenesis: a 
molecular approach. Washington DC: ASM press New York; 2002.

 3. Nataro JP, Kaper JB. Diarrheagenic Escherichia coli. Clin Microbiol 
Rev. 1998;11(1):142-201.

 4. Nicolle LE. Short-term therapy for urinary tract infection: suc-
cess and failure. Int J Antimicrob Agents. 2008;31 Suppl 1:S40-5.

 5. Stecher B, Hardt WD. The role of microbiota in infectious dis-
ease. Trends Microbiol. 2008;16(3):107-14.

 6. Wold AE, Caugant DA, Lidin-Janson G, de Man P, Svanborg C. 
Resident colonic Escherichia coli strains frequently display uro-
pathogenic characteristics. J Infect Dis. 1992;165(1):46-52.

 7. Katouli M. Population structure of gut Escherichia coli and its 
role in development of extra-intestinal infections. Iranian J Mi-
crobiol. 2010;2(2):59-72.

 8. Foxman B. The epidemiology of urinary tract infection. Nat Rev 
Urol. 2010;7(12):653-60.

 9. Stamm WE. Scientific and clinical challenges in the manage-
ment of urinary tract infections. Am J Med. 2002;113 Suppl 1A:1S-
4S.

 10. Scholes D, Hooton TM, Roberts PL, Stapleton AE, Gupta K, Stamm 
WE. Risk factors for recurrent urinary tract infection in young 
women. J Infect Dis. 2000;182(4):1177-82.

 11. Johnson JR. Virulence factors in Escherichia coli urinary tract 
infection. Clin Microbiol Rev. 1991;4(1):80-128.

 12. Mabbett AN, Ulett GC, Watts RE, Tree JJ, Totsika M, Ong CL, et al. 
Virulence properties of asymptomatic bacteriuria Escherichia 
coli. Int J Med Microbiol. 2009;299(1):53-63.

 13. Forbes BA, Sahm DF, Weissfeld AS. Bailey and Scott’s Diagnostic 
Microbiology. 11th edition, Saint Louis, USA, Elsevier (Mosby). 
2002:936-7.

 14. Nurullaev RB. [The role of asymptomatic bacteriuria in epi-
demiologic study of the urinary tract infection]. Lik Sprava. 
2004(7):23-5.

 15. Alausa OK, Montefiore D. Bacterial infections, sensitivity pat-
terns, and chemotherapy among hospital patients in the trop-
ics. Scand J Infect Dis. 1978;10(4):295-302.

 16. Amin M, Mehdinejad M, Pourdangchi Z. Study of bacteria iso-
lated from urinary tract infections and determination of their 
susceptibility to antibiotics. Jundishapur J Microbiol. 2011;2(3):118-
23.

 17. Czaja CA, Stamm WE, Stapleton AE, Roberts PL, Hawn TR, Scholes 
D, et al. Prospective cohort study of microbial and inflammatory 
events immediately preceding Escherichia coli recurrent uri-
nary tract infection in women. J Infect Dis. 2009;200(4):528-36.

 18. Ehinmidu JO. Antibiotics susceptibility patterns of urine bacte-

rial isolates in Zaria, Nigeria. Trop J Pharm Res. 2005;2(2):223-8.
 19. Foxman B. Recurring urinary tract infection: incidence and risk 

factors. Am J Public Health. 1990;80(3):331-3.
 20. Mbata TI. Prevalence and antibiogram of urinary tract among 

prison inmates in Nigeria. Internet J Microbiol. 2007;3(2).
 21. Nester EW, Anderson DG, Roberts, C.E., Nester MT. Microbiology: A 

Human Perspective. New York: McGraw-Hill; 2008.
 22. Nicolle LE. Urinary tract pathogens in complicated infection 

and in elderly individuals. J Infect Dis. 2001;183 Suppl 1:S5-8.
 23. Obaseiki-Ebor EE. Trimethoprim/sulphamethoxazole resistance 

in Escherichia coli and Klebsiella spp. urinary isolates. Afr J Med 
Med Sci. 1988;17(3):175-9.

 24. Todar K. Online Textbook of Bacteriology. 2008 [updated 2008; 
cited 2010]; Available from: http://www.textbookofbacteriology.
net/e.coli.htm.

 25. Togsverd E, Mansa B, Keiding J. Studies on beta-lactamases 
from Escherichia coli isolated from urinary tract infections. 
Acta Pathologyica Microbiologica, Et Immunologica Scondinavica. 
1990;98(4):345-52.

 26. Akwa VL, Binbol NL, Samaila KL, Marcus ND. Geographical Per-
spective of Nasarawa State. 3 ed. Keffi, Nigeria: Onairi Printing 
and Publishing Company Ltd; 2007.

 27. CLSI. Performance Standards for Antimicrobial Susceptibility Testing: 
17th Informational Supplement. Approved Standard M100-S17 W, 
USA, Clinical and Laboratory Standards Institute, editor.; 2007.

 28. Krumperman PH. Multiple antibiotic resistance indexing of 
Escherichia coli to identify high-risk sources of fecal contamina-
tion of foods. Appl Environ Microbiol. 1983;46(1):165-70.

 29. Harrington RD, Hooton TM. Urinary tract infection risk factors 
and gender. J Gend Specif Med. 2000;3(8):27-34.

 30. Scholes D, Hooton TM, Roberts PL, Gupta K, Stapleton AE, Stamm 
WE. Risk factors associated with acute pyelonephritis in healthy 
women. Ann Intern Med. 2005;142(1):20-7.

 31. Farajzadeh Sheikh A, Jomehzadeh N, Amin M, Asadi Rad A. Preva-
lence of asymptomatic bacteriuria in elderly referred to out-
patient clinics in Talegani hospital, Abadan, Iran. Jundishapur J 
Microbiol. 2011;4(3):147-51.

 32. Frank-Peterside, Wokoma EC. Asymptomatic bacteriuria in stu-
dents of the University of Port-Harcourt Demonstration Second-
ary School. J Appl Sci Environ Managt. 2009;13(2):55-8.

 33. Frank-Peterside N, Oguike N. Asymptomatic significant bacteri-
uria among students of the University of Port-Harcourt. Nigeria. 
Nig J Microbiol. 2006;20(3):1252-7.

 34. Ojiegbe GC, Nworie WC. Asymptomatic bacteriuria among 
school pupils in Enugu Area. J Med Lab Sci. 2000;9(1):42-6.

 35. Olusanya O, Oguniedun A, Fakoya TA. Asymptomatic significant 
bacteriuria among pregnant and non-pregnant women in Sag-
amu, Nigeria. West Afr J Med. 1993;12(1):27-34.

 36. Prescott M, Harley P, Klein A. Microbiology. 4 ed. New York, USA: 
McGraw Hill Book Co; 1999.

 37. Foxman B, Barlow R, D’Arcy H, Gillespie B, Sobel JD. Urinary tract 
infection: self-reported incidence and associated costs. Ann Epi-
demiol. 2000;10(8):509-15.


	Button1: 


