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Background: Globally, urinary tract infections (UTIs) are a common health issue among women. Investigating risk factors associated 
with culture-proven UTIs and the antimicrobial resistance profile of uropathogens would provide insight into planning prevention and 
control measures.
Objective: To identify the risk factors associated with UTIs among sexually active women and determine antimicrobial susceptibility 
patterns of uropathogenic bacterial isolates.
Methods: A case-control study was conducted from February to June 2021, involving 296 women (62 case group and 234 control 
group in a ratio of 4:1). Cases were defined as culture-confirmed UTIs, and controls were non-UTIs. A semi-structured questionnaire 
was used to collect demographic, clinical, and behavioral data. The antimicrobial susceptibility test was done by the Kirby-Bauer disc 
diffusion method. The data were analyzed using SPSS version 25. Bivariable and multivariable logistic regressions were used to 
identify risk factors, and the strength of association was measured by adjusted odds ratios and a 95% confidence interval used at 
P-values < 0.05.
Results: The results revealed that recent coitus and frequency of coitus more than three times per week (P=0.001) were independent 
predictors of UTIs. Swabbing from back to front, a history of UTI and a delay in voiding were also independent predictors (P < 0.05). 
On the other hand, a daily water intake of 1 to 2 litres reduced the risk of UTI (P= 0.001). The predominant uropathogenic isolate was 
Escherichia coli (35.48%). Over 60% of isolates were resistant to cotrimoxazole, penicillin, cephalosporin, and fluoroquinolones. The 
most effective antibiotics included piperacillin-tazobactam, aminoglycosides, carbapenem, and nitrofurantoin. 85% and 50% of 
isolates were MDR and ESBL producers, respectively.
Conclusion: The finding indicates the importance of public intervention targeting the identified risk factors and the resistance 
phenotype to reduce the burden of UTIs with antimicrobial resistance in the study area.
Keywords: risk factors, adolescents and young women, bacteriuria, symptomatic UTIs, uropathogens, antimicrobial resistance, ESBL 
producing, case-control, Ethiopia

Introduction
Urinary tract infection is one of the most pressing problems confronting the global healthcare system, and it is 
significantly more prevalent in women.1,2 It is evident that by the age of 24, one-third of women would experience at 
least one episode of UTI requiring antimicrobial treatment, and 40 to 50% of them would experience at least one episode 
of UTI during their lifetime.3 On the other hand, recurrent UTIs necessitate multiple clinical visits and antimicrobial 
treatment in 25 to 50% of women.4,5 The treatment of UTIs is estimated to account for 15% of all antimicrobial use in 
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humans. The management of UTIs has become a public health concern due to the emergence of drug-resistant 
uropathogens.6,7 Among the various risky subpopulations, adolescent and young adult women are particularly vulnerable 
to developing UTIs.

Nevertheless, it is difficult to accurately estimate the incidence of UTIs since they are not reportable diseases. The 
problem may be further complicated because, in most outpatient settings, a positive urine culture result is not required to 
diagnose based on symptoms.8 However, studies indicate that despite UTI symptoms, women do not seek medical 
intervention. Therefore, the accurate picture of UTIs is likely to be underestimated in the literature.9

The pathogenesis of UTIs in sexually active young women is intricate and is influenced by several host-related 
biological and behavioral factors and the virulence of the uropathogens.10 A variety of bacterial pathogens cause UTIs, 
predominantly Escherichia coli (80–90%), followed by Staphylococcus saprophyticus (5–16%).6,7 Besides, other faecal 
pathogens, including Klebsiella pneumoniae, Proteus mirabilis, and Enterococcus faecalis, have also been 
implicated.11,12 In addition, the emerging multidrug-resistant uropathogens (including the extended-spectrum beta- 
lactamase (ESBL) producers and carbapenem-resistant Enterobacteriaceae) are imposing the most significant challenge 
on public health worldwide.7,13 The negative consequences of UTIs extend beyond the clinical and economic burdens of 
the illness and include the personal, social, and psychological effects that hurt the quality of life.6 Besides, managing 
UTIs has been further complicated due to the emergence of drug-resistant uropathogens.9

With all these in mind, the main objective of this case-control study is to identify risk factors affecting the prevalence 
of culture-confirmed UTIs among sexually active women attending outpatient clinics of the title hospital in Arba Minch, 
southern Ethiopia. In addition, as a secondary objective, the study determined the bacterial profile and antimicrobial 
susceptibility pattern among the case group.

Materials and Methods
Study Setting and Design
This case-control study was conducted from February 1 to July 31, 2021, in the Arba Minch General Hospital, Arba 
Minch, southern Ethiopia. The hospital has 200 beds and more than 251 health professionals, providing preventive, 
curative, and rehabilitative services for the population of 200,747.

Study Participants
All young and adolescent women who visited Arba Minch General Hospital were the source population. Therefore, the 
study population comprised sexually active women (adolescents and young women) aged 15–24.

The case group consisted of 62 participants with culture-confirmed UTs. Culture-confirmed UTIs were defined as the 
presence of significant bacteriuria as per the Kass count (ie, > 105 colony-forming units (CFU)/mL in the mid-stream 
urine culture) in conjunction with one or more symptoms of UTI (frequency, urgency, dysuria, hematuria, fever (>38°C), 
chills, or back or flank pain, vomiting, or nausea) as per the guidelines.14

Control Group
A total of 234 adolescents and young women attending the title hospital for non-UTI reasons were selected by 
a systematic random sampling technique. Participants were selected at the interval of the Kth unit, among them attending 
each service unit. They were recruited from the source population, from which the cases arose at the same time interval. 
For every case, four controls of a similar age (within 5 years) were included.

Sample Size Determination and Sampling Techniques
The sample size was computed for an unmatched case-control study by OpenEpi version 3.03 using a double population 
proportion formula. The sample size was calculated with the following assumptions: a 95% confidence interval (Zα/2 = 
1.96), a case-to-control ratio of 1:4, the proportion of women who had sexual intercourse for more than three times per 
week in the control group (0.20) as reported previously,15 and 90% power (Z β = 1.28) to detect a three-fold risk 
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difference between the case and the control groups. The final sample size was calculated to be 282 (57 cases and 225 
controls); after adding a 5% non-response rate, the final sample size was consolidated as 296 (62 cases and 234 controls).

Eligibility
The inclusion criteria for both groups were: 14 to 24 years; and provided written informed consent or age-specific assent 
collected from the guardian. However, subjects who were pregnant, had urinary tract anomalies, were currently 
menstruating, were admitted for more than 72 hrs., were on the course of antibiotics within the last weeks before the 
beginning of the study, were severely ill, had asymptomatic bacteriuria, and diabetics were excluded.

Ascertainment of Outcome and Assessment of Exposure
The primary outcome variable in this study was a culture-confirmed symptomatic UTI. Exposures of interest in this study 
were sexual behaviour, hygiene habits, birth control methods, and hydration status of the body in the previous 4 weeks. 
The timeframe of four months was chosen because it was most relevant to UTI risk and minimized recall issues.

Data Collection Procedures
A standard, pre-tested, semi-structured questionnaire was developed after a comprehensive literature review16–18 for data 
collection. The data was collected by trained collectors closely overseen by supervisors. The information on sexual 
behaviour covered in this study included the following questions: 1) During the last year, have you ever had coitus? (ie, 
vaginal or anal). (The variable was dichotomized as yes and no.); 2) When was your most recent coitus? (within the last 
month or so); 3) In response to the above questions: At your last time of coitus, did you micturate rapidly after sex? 
(within 15 minutes) (yes and no.); 4) Does your partner wash his genitals before coitus? (yes, usually/sometimes and no, 
occasionally/never); 5) Sexual intercourse frequency was assessed using the following questions: How often do you have 
coitus? (per week in the previous 30 days). Do you have a habit of delaying micturating voluntarily? (usually, sometimes, 
occasionally, and never). Participants were also asked to provide the amount of daily water consumption (less than 1 litre, 
1–2 liters, or above 2 litres).

Laboratory Analysis
Urine Specimen Collection and Processing
Ten to twenty mL of first voided midstream urine samples were collected under aseptic conditions into 50 mL of sterile 
FalconTM tubes. Collected samples were labelled and immediately transported at ambient temperature within 2 hours to 
the Medical Microbiology and Parasitology Laboratory following appropriate safety precautions and standard operating 
procedures.19

Cultivation and Identification of Bacterial Isolates
Urine samples were plated directly onto a series of media such as 5% sheep blood agar, cysteine-lactose electrolyte 
deficient agar and MacConkey agar using calibrated loops (0.01 mL). The plates were incubated aerobically at 35–37°C 
for 24–48 hours. Following incubation, plates were inspected for bacterial growth. According to Kass count, the samples 
with prominent bacterial growth were considered culture-positive.19 Results interpretation: if the pure culture is at 
a concentration of 105 colony forming units (CFU)/mL and for cultures containing two organisms, one in low numbers 
(10,000 CFU/mL) and the other over 10,000 colonies, sub-culture was done for the dominant organism assuming 
organism in lower numbers is unlikely to be causing disease. Samples with a significant colony count were further 
processed for isolation and identification using colony morphology, Gram staining, and biochemical reactions.19

Antimicrobial Susceptibility Testing
The antibiotic susceptibility test was carried out on Mueller Hinton agar by adopting the Kirby-Bauer disk diffusion 
method according to the CLSI (Clinical and Laboratory Standards Institute) guidelines.20 Isolates were tested against the 
following antimicrobial agents: erythromycin (15 µg), ceftriaxone (30 µg), cefotaxime (30 µg), ceftazidime (30 µg), 
cefepime (30 µg), ampicillin (10 µg), piperacillin (100 µg), piperacillin-tazobactam (110 µg), amoxicillin-clavulanic acid 
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(20/10 µg), tetracycline (30 µg), linezolid (30 µg), levofloxacin (5 µg), norfloxacin (10 µg), ciprofloxacin (5 µg), 
imipenem (10 µg), meropenem (10 µg)), nitrofurantoin (300 μg), vancomycin (30µg) and trimethoprim- 
sulfamethoxazole (1.25/23.75 μg). Categorization of antimicrobial susceptibility results as susceptible, intermediate, or 
resistant and detection of ESBL producers by disc synergy test was done as per the standard procedures.20 In this study, 
multi-drug resistance (MDR) was extrapolated as the resistance of at least three or more different classes of antibiotics.21

Quality Control and Data Quality Assurance
Strict measures were taken from the pre-analytical to the post-analytical phase. The questionnaire was pretested, and 
laboratory analyses were conducted using standard operating procedures. Culture media was tested for sterility and 
performance by incubating 5% of the batch. The quality of culture media was tested by using quality control strains such 
as Staphylococcus aureus (ATCC 25923), Escherichia coli (ATCC 25922) and P. aeruginosa (ATCC 27853).

Data Management and Statistical Analysis
Data were analyzed using IBM Statistical Package for Social Science (SPSS) version 25 (IBM, USA). Descriptive statistics of 
the basic demographic data were generated for the overall study participants enrolled in the study and the groups identified as 
cases and controls. We checked differences between groups for categorical variables with chi-square tests or Fisher’s exact 
tests and for continuous variables with Student’s t-tests or Mann–Whitney tests with a significance level of alpha = 0.05. Both 
bivariable and multivariable logistics were used to estimate crude and adjusted odds ratios with 95% confidence intervals for 
the association between risk factors and UTI. Bivariable conditional logistic regression for each variable was analyzed, and 
any risk factors with (a P-value < 0.25) were considered a candidate for multivariable logistic regression. The final model was 
selected considering the highest level of explicative ability measured by PseudoR2. Finally, the estimated adjusted odds ratios 
(OR; 95% confidence interval) were used to ascertain the degree of association between independent variables and UTI. All 
tests were two-tailed, and a P-value of less than 0.05 was considered statistically significant.

Ethical Consideration
The study was conducted in accordance with the ethical principle of the declaration of Helsinki. The study was approved 
by the Institutional Research Ethics Review Board of the College of Medicine and Health Science of Arba Minch 
University (Ref. AMU/9/31/42). All participants were informed about the objective and purpose of the study, and written/ 
verbal informed consent was obtained from each participant. For participants under 18, an age-specific equivalent form 
(assent) was used to obtain informed consequences from the guardian or family. There was no risk associated with the 
process of urine sample collection or interviewing participants. The data collected during laboratory screening or 
interviewing were kept confidential. Positive cultures were informed to the physician for immediate care.

Results
Population Characteristic
After applying eligibility criteria, a total of 296 study participants were enrolled (ie, 62 culture-confirmed cases of UTIs 
and 234 women without UTIs), with a response rate of 100%. The mean age of the study participants was 20.75±5.1. 
75.8% were urban dwellers (73.07% in the case group and 59.67% in the control group). In addition, 20.96% of the cases 
and 27.3% of the control group are comprised of individuals pursuing a diploma or higher level of education.

A greater proportion (ie, 40.32%) of the case group participants had a history of UTIs than the control group 
(28.63%). Overall, 53.4% of women had sexual intercourse within the past three months (case group: 50.58% and control 
group: 50.58%). Recent sexual intercourse (within the past 30 days) was reported frequently among the case group 
(54.84%). Women with multiple sexual partners were 29.02 and 24.12% in the cases and controls, respectively. Engaging 
in sexual intercourse three or more times per week was reported by 87.09% of participants in the cases and 60% in the 
control group. The rate of contraceptive use was 26.9% in the case group and 22.7% in the control group. The chi-square 
test of independence showed no significant difference between the case and control groups (P > 0.05). Details on the 
participant’s characteristics are shown in Table 1.
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Table 1 Soci-Demographic and Hygiene and Behavioural Characteristics of Study Participants in the Case Group (n=62) and Control 
Group (n=234), Southern Ethiopia, 2021

Explanatory Variable Category Cases (n=62) Controls (n=234) P-value

N (%) N (%)

Mean age in years ± SD 20.75±5.1 20 + 11.7 21±60

Age 15–19 40(64.56) 115(49.14) 0.065

20–24 22(35.44) 109(50.86)

Educational level No formal education 11(17.74) 39(16.66) 0.82

Primary education 12(19.35) 64(27.35)

High school 17(27.41) 72(30.76)

Diploma and above 13(20.96) 64(27.35)

Residence Urban 37(59.67) 171(73.07) 0.065

Rural 25(38.33) 63(36.93)

Respondent occupation Employed or self-employed 13(20.96) 30(12.82) 0.36

Unemployed 25(40.32) 104(44.44)

Housewife 14(22.58) 19(8.11)

Student 13(20.96) 81(34.61)

Previous history of the UTI Yes 25(40.32) 67(28.63) 0.001

No 27(43.54) 167(71.36)

Previous use of antibiotics within 1 year Yes 23(37.09) 96(41.02) 0.67

No 29(46.77) 138(58.97)

History of self-mediation within 6 months Yes 16(8.00) 55(23.50) 0.27

No 36(58.06) 179(73.07)

Sexual intercourse in the previous month Yes 34(54.84) 25(10.68) 0.38

None 28(45.16) 198(84.61)

Sexual intercourse with a new sexual partner Yes 14(22.58) 71(30.34) 0.22

No 48(77.41) 163(69.65)

No. of sex partners during the past year 1or 2 39(62.90) 164(70.08) 0.98

3 and above 13(20.96) 56(23.93)

Frequency of sexual intercourse ≥3 times 54(87.09) 142(60.68) 0.39

<3 times 8(14.4) 92(3931)

Birth control method None 34(54.83) 134(57.69) 0.35

Oral contraceptives 20(32.22) 57(24.35)

Condoms 8(12.90) 43(18.37)

(Continued)
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Bacterial Profile of UTIs
Among the diverse bacterial uropathogens, 75.81% were Gram-negative bacilli, whereas 21.19% were Gram-positive cocci. 
Candida albicans were identified in two participants. The ranking of identified bacteria in decreasing order was: E. coli 
(35.48%), K. pneumoniae (20.97%), S. saprophyticus (16.13%), P. mirabilis (11.29%), S. aureus and P. aeruginosa (each 
4.84%) and Enterobacter species, and Enterococcus species (each 3.23%). Of the culture-positive samples, species of 
Enterobacteriaceae were generally observed to be the predominant group (72.58%) (Table 2).

Antimicrobial Susceptibility Patterns
The antimicrobial susceptibility profile of all the bacterial isolates is shown in Table 3 and Table 4. The percentage of 
resistance to at least one or more antimicrobials was 77.41% (n = 48). The overall resistance towards antimicrobial has been 
detected for all first-line and second-line antimicrobials agents, and cotrimoxazole, penicillin cephalosporins, and fluoroqui-
nolones were the class of antimicrobials for which the observed resistance ranges from 25% to 88.6%. The observed resistance 
to penicillin-class drugs was 88.63%. Of which resistance to ampicillin was 82.22%, to piperacillin and penicillin G was 
86.66%, whereas resistance for cephalosporin class drug was 76.19%, 76.19%, and 36.17% to cefuroxime, ceftriaxone, and 
cefepime, respectively. With regard to the beta-lactamase inhibitors combination class, isolates resistant to amoxicillin/ 
clavulanic acid and piperacillin/tazobactam were 61.36% and 48.88%, respectively. The resistance level to fluoroquinolone 
drugs was: 65.95 to 66.66% to ciprofloxacin and 59.57% to 66.66% to norfloxacin, but resistance to levofloxacin was only 
25.53%. Regarding the most effective antimicrobials, nitrofurantoin, linezolid, amikacin, imipenem, and meropenem retained 
the highest percentage of the susceptible agent with the low level of resistance, corresponding to 31.42, 6.66, 12.76, 12.76 and 
8.51%, respectively (Table 3 and Table 4).

Concerning specific Gram-negative isolates, E. coli and P. mirabilis showed high resistance levels to penicillin-class, 
such as 88% for ampicillin, 60% for each piperacillin, and 50% for amoxicillin-clavulanic acid. About 80% of isolates, 
including E. coli, K. pneumoniae, P. mirabilis, and Enterobacter sp., were resistant to third-generation cephalosporins, 

Table 1 (Continued). 

Variables Category Cases (n=62) Controls (n=234) P-value

Direction of wiping after toilet Front to back 19(30.64) 173(73.93) 0.25

Back to front 35(56.45) 45(19.23)

Either direction 8(12.90) 16(6.83)

Washing genitals before intercourse by partner Yes 15(24.19) 82(35.04) 0.105

No 47(75.91) 152(64.96)

Post-coital voiding of woman Yes 46(74.19) 210(89.74) 0.001

No 16(25.80) 24(10.26)

Delay in voiding urine (voluntary) Yes 48(77.41) 124(52.99) 0.59

No 14(22.58) 110(47.01)

Changing the frequency of underwear In less than a week 19(30.64) 96(41.03) 0.098

More than a week 43(69.35) 138(58.97)

Water intake/day (in liters) < 1L 45(72.58) 84(35.90) 0.28

1–2L 14(22.58) 147(62.82)

>2L 3(4.83) 5(2.14)

Note: P-value less than 0.05 is statistically significant. 
Abbreviations: SD, standard deviation; UTI, urinary tract infection; No, number.
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ceftriaxone, and ceftazidime, whereas cefoxitin and cefixime were relatively active cephalosporin compounds. A similar 
picture of moderate resistance was noted against gentamicin (40.42%) and levofloxacin (25.53%). Invariably, all the 
isolates of P. aeruginosa were resistant to piperacillin, whereas resistance to cefoxitin, ceftazidime, and cefixime was 

Table 2 Bacteria Isolated from Culture-Confirmed UTIs Among 
Sexually Active Women Attending Arba Minch General Hospital, 
Southern Ethiopia (February – July 2021)

Pathogens (Bacterial Isolates) Number Percent (%)

Gram-negatives 48 75.81

E. coli 22 35.48
K. pneumoniae 13 20.97

P. mirabilis 7 11.29

P. aeruginosa 3 4.84
Enterobacter sp. 2 3.23

Gram-positive 15 21.19
S. aureus 3 4.84

S. saprophyticus 10 16.13

Enterococcus sp. 2 3.23
Fungus (yeast-like fungi)

C. albicans 2 2.22

Abbreviation: UTI, urinary tract infection.

Table 3 Antimicrobial Susceptibility Pattern of Gram-Negative Bacteria Isolated from Culture-Confirmed UTIs Among Sexually 
Active Women Attending Arba Minch General Hospital, Southern Ethiopia (February – July 2021)

Antimicrobial Agents Gram-Negative Isolates Total

E. coli (n=22) K. pneumoniae 
(n=13)

P. mirabilis 
(n=7)

Enterobacter spp 
(n=2)

P. aeruginosa 
(n=3)

n (%) n (%) n (%) n (%) n (%) n (%)

Ampicillin 20(90.90) 13(100) 6(85.71) NT NT 39(88.63)
Piperacillin 19(86.36) 13(100) 6(85.71) NT 3(100) 37(82.22)

Piperacillin/tazobactam 5(22.72) 5(38.46) 2(28.57) NT 1(33.33) 12(48.88)

Amoxicillin/clavulanic acid 12(54.5) 9(69.23) 4(57.14) 2(100) NT 27(61.36)
Cefuroxime 17(77.27) 10(76.92) NT NT NT 32(76.19)

Cefoxitin 5(22.72) 13(100) NA 2(100) 3(100) 18(38.29)

Ceftriaxone 17(77.27) 11(84.61) 5(71.42) NT NT 33(76.19)
Ceftazidime 12(54.5) 7(53.84) 5(71.42) 1(50) 2(66.66) 28(59.57)

Cefixime 5(22.72) 12(92.30) 2(28.57) 1(50) 2(66.66) 14(29.78)

Cefepime 4(18.18) 9(69.23) 2(28.57) 1(50) 1(33.33) 17(36.17)
Ciprofloxacin 17(77.27) 6(46.15) 6(85.71) 1(50) 2(66.66) 31(65.95)

Norfloxacin 12(54.5) 9(69.23) 4(57.14) 1(50) 2(66.66) 28(59.57)

Levofloxacin 5(22.72) 5(38.46)) 3(42.85) 0(00) 2(66.66) 12(25.53)
Amikacin 1(4.54) 1(7.69) 1(14.28) 1(50) 1(33.33) 6(12.76)

Gentamicin 5(22.72) 8(61.53) 3(42.85) 1(50) 2(66.66) 19(40.42)

Imipenem 2(9.09) 2(15.38) 1(14.28) 1(50) 1(33.33) 6(12.76)
Meropenem 0(00) 1(7.69) 1(14.28) 0(00) 1(33.33) 4(8.51)

Cotrimoxazole 19(86.36) 12(92.30) NT 2(100) NT 31(83.78)

Nitrofurantoin 0(00) 10(76.92) NT 1(50) NT 5(11.36)
MDR 21(95.45) 12(92.30) 12(92.30) 1(50) 3(100) 44(93.61)

ESBL producers 11(50) 7(53.84) 7(53.84) 1 - 22(50%)

Abbreviations: NT, Not tested (pathogen was not tested with this antibiotic); MDR, multi-drug resistance; UTI, urinary tract infection; ESBL, extended beta-lactamase 
producers.
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66.6% each. However, only 33.33% of bacteria were resistant to amoxicillin/clavulanic acid, imipenem, meropenem, and 
cefepime. In contrast, isolates of E. coli were 100% susceptible to intravenous carbapenems, except for 9.09% resistance 
to imipenem. The antibiotics of the carbapenem class were among the most effective agents against K. pneumoniae, 
where 7 and 15.38% of isolates were resistant to meropenem and imipenem, respectively.

Multidrug resistance was found in 85.48% of Gram-negative bacteria and 95.45% of Gram-positive bacteria. The 
overall prevalence of ESBL-producing Enterobacteriaceae was 50% (22/44). The prevalence of ESBL-confirmed isolates 
was 53.84, 50, and 42.85% in K. pneumoniae, E. coli, and P. mirabilis, respectively.

Isolates of Gram-positive bacteria showed the highest level of resistance to penicillin and ampicillin (each 86.66%), 
tetracyclines (76.92%), and cotrimoxazole (86.66%). On the other hand, moderate level resistance was noted for 
erythromycin, ciprofloxacin, cefixime, and norfloxacin (each 66.66%). The antibiotics with the lowest resistance rates 
were linezolid (6.6%), nitrofurantoin (13.33%), amikacin (15.38%), and levofloxacin (26.66%). Two to three isolates of 
S. aureus exhibited resistance to ampicillin, penicillin, and amoxicillin/clavulanic acid, but only a single isolate showed 
resistance to nitrofurantoin and linezolid. Isolates of S. saprophyticus were resistant to ampicillin (100%), cotrimoxazole 
and penicillin (each 80%) and 70% to fluoroquinolone drugs. According to this study, isolates of Enterococcus species 
showed 100% resistance to all the penicillin derivatives and 50% resistance to vancomycin. No linezolid-resistant 
Enterococcus spp. and S. saprophyticus isolates were identified (Table 4).

Table 4 Antimicrobial Susceptibility Pattern of Gram-Positive Bacteria Isolated from Culture-Confirmed UTIs Among 
Sexually Active Women Attending Arba Minch General Hospital, Southern Ethiopia (February – July 2021)

Class of 
Antimicrobials

Tested 
Antimicrobial 
Agents

Bacterial Isolates Total

Staphylococcus 
aureus (n=3)

S. saprophyticus 
(n=10)

Enterococcusss 
spp(n=2)

n (%) n (%) n (%) n (%)

Penicillin
Ampicillin 3(100) 8(80) 2(100) 13(86.66)

Penicillin G 3(100) 8(80) 2(100) 13(86.66)

Amoxicillin/clavulanic 
acid

2(66.66) 2(20) 2(100) 6(40)

Cephalosporin 
Cefoxitin 2(66.66) 2(20) NT 4(30.76)
Cefixime 2(66.66) NT 1(50) 8(53.33)

Fluorquinolones
Ciprofloxacin 2(66.66) 7(70) 1(50) 10(66.66)
Norfloxacin 2(66.66) 7(70) 1(50) 10(66.66)

Levofloxacin 1(33.33) 2(20) 1(50) 4(26.66)

Aminoglycosides
Amikacin 1(33.33) 1(10) NT 2(15.38)

Gentamicin 2(66.66) 3(30) NT 5(38.46)

Macrolide
Erythromycin 1(33.33) 7(70) 2(100) 10(66.66)

Glycopeptide 
and others

Vancomycin NT NT 1(50) 1(50)

Tetracyclines 3(100) 8(80) 2(100) 13(86.66)
Cotrimoxazole 2(66.66) 8(80) N/A 10(76.92)

Nitrofurantoin 0(00) 2(20) 0(0) 2(13.33)

Linezolid 1(33.33) 0(00) 0(00) 1(6.66)

MDR 22(66.66) 88(80) 1(50) 11(73.33)

Abbreviations: NT, Not tested; MDR, multi-drug resistant; UTI, urinary tract infection.
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Risk Factors for Symptomatic UTIs
In this study, various socio-demographic, clinical, and behavioural factors that play a role in escalating UTIs among 
women were considered and assessed using bivariable and multivariable logistic analyses. More than ten variables in the 
binary logistic regression had a significant relationship with UTIs (P < 0.05). In addition, age, residence, medical history 
(history of UTIs and self-medication), sexual behaviour (recent sexual practice, frequency of coitus, number of sexual 
partners in the previous year, coitus with a new partner, not urinating after sexual intercourse), the direction of wiping 
after toileting, voluntary delay in voiding urine, and water intake/day (in litres) were statistically significant and therefore 
included in the further analysis.

In multivariable logistic regression analysis, the strongest association was noted between UTI and sexual behaviour 
(coitus in the past 30 days and frequency of coitus). It was found that participants with recent coitus are 6.6 times more 
prone to develop UTI (adjusted OR = 6.61, 95% CI: 2.55, 12.01, P < 0.001). Likewise, the risk increased ninefold in 
those who reported recent coitus more than three times per week (adjusted OR = 9.17, 95% CI: 2.1, 11.01, P < 0.001). 
Women who did not micturate after coitus, on the other hand, had a marginally higher risk of UTI (P = 0.047).

Women with a history of UTI within the previous six months were twice as likely to develop a subsequent UTI than 
their peers (adjusted OR = 2.21; 95% CI, 1.54, 13.12). Analysis of the toilet hygiene habits of the study participants 
revealed that the direction of wiping after toileting was an independent predictor of UTI (P < 0.001). Women who 
reported wiping in either direction (back-to-front or front-to-back) had a twofold higher risk of developing UTI than 
those who only reported wiping from front-to-back (adjusted OR = 2.04, 95% CI: 1.10, 9.32). However, women who 
only wring their hands backwards have a six-fold increased risk of UTI (adjusted OR = 6.21, 95% CI: 2.90, 10.11) (P < 
0.001). On the one hand, a delay in voiding habit (voluntary) was significantly associated with UTI (adjusted OR = 3.04, 
95% CI: 1.59, 5.88) (P < 0.001). On the other hand, maintaining body hydration by drinking 1–2 litres of water per day 
was associated with a 75% lower risk of UTI when compared to a daily water intake of 1 litre (adjusted OR = 0.25, 95% 
CI: 0.06, 0.76), (P < 0.001) (Table 5).

Discussion
The analysis of sexual behavior data from 286 women aged 15–24 (62 cases of UTI and 234 controls) revealed a strong 
association between UTI and coitus (increased odds of UTIs observed following recent and frequent coitus). After 
accounting for age, residence, history of UTI, hospitalization, not wiping from front to back direction, not voiding after 
coitus, delay in voiding and increasing daily water intake variables, recent coitus and coitus for > 3 times/ weeks increase 
the odds of UTI by six and nine-fold respectively. This institution-based case-control study was designed to overcome the 
stigma of examining sexual behaviour and genital hygiene practices in Ethiopia and identifying risk factors associated 
with UTIs. The analysis was exhaustive and included data from numerous participants. To the best of our knowledge, this 

Table 5 Bi-Variable and Multivariable Analysis of the Risk Factors Associated with Culture-Confirmed UTIs Among Sexually Active 
Women in Southern Ethiopia from February – July 2021

Risk Factors Cases(n=62) Controls (n=234) Bi-Variable Multivariable P-value

n (%) n (%) COR(95% CI) AOR(95% CI)

Recent history of the UTI 25(40.32) 67(28.63) 2.30(1.24, 4.26) 2.21(1.54, 13.12) 0.03
Recent coitus (yes) 34(54.84) 119(50.58) 9.61(5.01,18.43) 6.61(2.55, 12.01) <0.001

Coitus ≥3 times per week 54(87.09) 142(60.68) 4.37(1.98,9.61) 9.17(2.1, 11.01) <0.001

Not voiding post-coitus by women 16 (25.80) 24 (10.25) 1.79(0.9, 6.18) 1.79(0.87, 3.68) 0.047
Delay in voiding urine (voluntary) 48 (77.41) 124 (52.99) 3.04(1.59, 5.81) 2.98(2.1, 6.02) 0.04

Wiping back to the front after the toileting 35(56.45) 45(19.23) 7.08(3.70,13.53) 6.21(2.90, 10.11) <0.001

Wiping in either direction after toileting 8(12.90) 16(6.83) 4.55(1.72,12.03) 2.04(1.10,9.32) <0.001
Daily water intake (1 to 2 litres) 14(23) 147(63) 0.17 (0.09,0.34) 0.25(0.06, 0.76) <0.001

Note: Statistically significant at P < 0.05. 
Abbreviations: AOR, Adjusted odds ratio; COR, Crude odds ratio; CI, Confidence interval.
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is the first case-control study to provide insight into risk factors associated with UTIs among sexually active women and 
to strengthen the existing prevention and control programs for UTIs in the country.

This study confirms a previously reported association between acute and recurrent urinary tract infections.8,17 This 
finding highlights the contribution of coitus to the burden of UTI morbidity and supports the theory of ascending route 
UTI among sexually active women.11,15,18 There are several factors underlings this observation. First, the close proximity 
of the urethral meatus to the anus and the shorter urethra facilitates the entry of bacteria into the bladder.10 During coitus, 
bacteria in the vaginal area or the male partner’s penile are pushed up into the urethra and transmitted to the bladder, 
where urine in the bladder offers the perfect environment for the bacteria to multiply and cause an infection.22 

Alternatively, these observations could reflect that the introduction of bacteria into the short urethra may be facilitated 
by poor genital hygiene habits, including male partners who do not wash their genitals pre-coitus, women who do not 
void after coitus, and heterosexual vaginal and anal intercourse.8,10,23 Some of these factors showed strong associations 
in bivariable logistic regression in this study. As recent and frequent coitus was a significant risk factor for UTI, this 
study explored the possibility that hygiene practices, such as how the male partner washed the genital were risk factors 
for UTI. While this study demonstrated a marginally protective effect of post-sexual intercourse urinating by women, it 
did not demonstrate any protective effect of washing genitals pre-coitus by male partners. Given the inadequate sample 
size, the finding may be underpowered, as the primary objective was not to assess these associations. Individuals with 
previous UTIs have a twofold greater risk for future UTIs than those with no history, confirming the conclusion of 
previous studies.5,12 The possible explanation may be that women with low income may develop recurrent UTIs, leading 
to increased exposure to antimicrobial treatment and infection with resistance strains.4,7 One of the critical observations 
in this regard was that improper toilet hygiene habits were associated with an increased risk of symptomatic UTI. The 
finding supports the hypothesis that women in the habit of wiping their genitals in either direction or only from back to 
front after defecating are more likely to get UTIs than women who wipe from front to back. The finding was in 
agreement with a previous report.1,15,24 One hypothesis to explain this association could be that the practice of wiping 
from back to front increases the chance of soiling the genitals with faecal microorganisms.24 This study showed the link 
between holding urine on several occasions and UTIs and supported the conclusions drawn by several other observa-
tional studies, stating “any delay in voiding increases the risk of UTI in adolescents and young adult women”.25,26 The 
finding supports the hypothesis that if a woman delays urination by holding urine regularly for various reasons, it 
increases her chances of suffering from UTI multifold. The finding suggests the timely voiding or urination in peri- and 
postmenopausal women to prevent UTIs, as indicated in previously published guidelines.2 The importance of concise 
attention to the timely voiding of urine has to be sharply considered in developing public policies aiming reduction of the 
UTI burden.3,4 The evidence generated from this study showed the reverse association between increased daily water 
intake and UTIs, and it was in agreement with the result of the systemic review and RCTs that showed an increased daily 
fluid intake by > 1.5 litre/ day reduced UTIs.27–29 The finding can be explained by the fact that increasing daily water 
intake can flush out of the urinary tract and making more difficult for micro-organisms to inhabit the urinary tract.28 

However, the heterogeneity of effect size across different studies, particularly for non-standard reporting of the volume of 
water intake and the frequency, suggests that findings must be interpreted with caution.29 Although finding from previous 
studies established a link between frequent changing of underwear and reduced risk of UTIs,22 this study failed to find 
this association. Further analysis of the risk factor data also showed the absence of an association between UTI and 
participants’ ages, residence, contraceptive use, number of sexual partners, and previous antimicrobial use. This may be 
because of difficulties eliciting sufficient information on these exposures variables, methodology and geographical 
differences.

The findings of this study showed that the spectrum and bacterial profile of UTI among women aged 15–24 years 
were predominantly caused by Gram-negative bacilli followed by Gram-positive cocci and a few fungi. The finding 
confirms the results of previous studies.8,11,12 E. coli was the commonest bacteria isolated in nearly one-third of study 
participants, followed by K. pneumoniae (20.97%) and S. saprophyticus (16.13%). This was in agreement with the profile 
of uropathogens reported in the literature.30 The higher prevalence of E. coli in UTI of sexually active women may be 
explained by the bacterial virulence ability to attachment to the uroepithelium and suggest the faecal contamination as 
a potential source of infection attributed to the toilet hygiene and sexual practice of the study participants observed in the 
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current study and previous similar study.9 However, the isolates of E. coli as the predominant among sexually active 
women contrasts with the previous findings, which report S. saprophyticus.3,13

Based on the results of the antimicrobial resistance pattern, this study confirmed the risk associated with UTIs due to 
antibiotic resistance as a public health concern in the study setting. The finding supports the conclusion correlating the 
inappropriate use of broad-spectrum drugs with the increase in the rate of drug resistance pathogens.13,31,32 Although the 
guidelines of the Infectious Disease Society of America recommend nitrofurantoin and fluoroquinolones, such as 
ciprofloxacin and cotrimoxazole, for uncomplicated and complicated UTI,33 results in the current study revealed an 
alarming rate of resistance to these classes of drugs. However, the high resistance levels (exceeding 85%) against the 
penicillin group of drugs, cotrimoxazole, 2nd and some 3rd generation cephalosporins likely reflect the broader use of 
these agents in clinical practice. This finding, with other previous similar studies, may preclude these agents from the 
empirical treatment of UTI in clinical practice. However, the low level of resistance recorded for piperacillin/tazobactam, 
cefixime, cefepime, nitrofurantoin, amikacin, imipenem, meropenem, and levofloxacin suggest these drugs are reason-
ably highly active agents for uropathogens in the current study setting.

Similarly, linezolid, gentamicin, and amoxicillin/clavulanic acid were the most active drugs against Gram-positive 
UTI isolates.34 Again, the findings were in agreement with previous studies. Cotrimoxazole has been used for more than 
decades for the empirical treatment of UTI, but many national and international guidelines recommend its use only when 
local resistance rates are <20%,35 which is not in the case of most of the isolates evaluated in this study, where the 
resistance rate was 86%.

The overall prevalence of MDR in this study was 85.48% and agreed with previous reports published abroad.36 

Extended-spectrum-lactamase-producing bacteria have recently emerged in ambulatory settings associated with commu-
nity-acquired UTIs.13,36 Results also revealed the presence of 50% of ESBL-producing Enterobacteriaceae, of which 
K. pneumoniae, E. coli, and P. mirabilis accounted for 53.84, 50, and 42.85%, respectively. This was almost similar to the 
results of ESBL-producing uropathogens reported from Sri Lanka (40.2%),34 Pakistan (66%)37 and Bangladesh.36

The overall antibiogram of UTI in this study matches with the reports from the national level during surveillance.38 

Considering the close association between ESBL production and fluoroquinolone co-resistance, as reported in the 
previous study, the detection of both ESBL-producing pathogens and fluoroquinolones resistance in this study may be 
used to explain the public health risk associated with the possible co-resistant UTIs pathogens. Therefore, in these cases, 
antibiotics must be tailored according to the antibiogram, ie, using carbapenems for empirical treatment in certain 
situations. The finding also reinforces revising the guidelines for the management of UTIs. Overall, resistance to 
commonly prescribed drugs warrants implementing an antibiotic stewardship program and an antimicrobial resistance 
surveillance system.

Limitations
The findings of this study should be interpreted in light of the following limitations. Like other observational studies, 
association measured in case-control studies may not represent causal effect relationships. Many confounding factors 
may influence an unmatched case-control study design, affecting the association between the outcome and the exposure 
variable. Further, this study does not show the magnitude of recurrent UTI due to the limitation of the study design. The 
study was facility-based and may not be representative of the larger group in the population. Moreover, there may be 
social desirability bias since the study assessed the lifestyle and sexual behaviour of the participants.

The strengths of this study include the microbiological screening of midstream urine from both and control to rule out 
asymptomatic UTI, the recruitment of participants from the general hospital; the inclusion of confounders; medical 
history, contraceptive methods use, hygiene and inadequate water intake; which may increase the risks of UTI. However, 
the study was subjected to the following limitation: exposure to several risk factors was assessed based on the self- 
response, and the molecular characterization of the resistance determinants in the individual isolates was not performed, 
only to the extent of the presence/absence of ESBLs.
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Implications of the Study
This study complements the literature on risk factors for UTI among women aged 14–24 in southern Ethiopia. The 
modifiable risk factor associated with UTIs justifies the rationale of including health education in reproductive health as 
a potential public health intervention for the reduction of risk associated with UTIs.

The high rates of antimicrobial resistance observed against first-line drugs (eg cotrimoxazole) limits the use of these 
drugs in clinical practice, and it also suggests the importance of implementing antimicrobial resistance surveillance and 
stringent antimicrobial stewardship programs. Therefore, the observation may be implicated in recognizing the possible 
role of the patient’s own normal flora in the pathogenesis of UTI, guiding clinicians’ appropriate diagnosis and empirical 
antibiotic treatment. At the same time, the high rate of drug-resistant isolates (MDR and ESBL positive) in community- 
acquired UTIs highlighted the spread of these pathogens in the community setting, implying the importance of effective 
control measures. The antibiogram data in this study may be used to develop treatment guidelines in the local context. 
The detection of resistant bacteria to new parenteral classes of drugs in the absence of their use in Ethiopia is a new 
insight which justifies further study to evaluate the possible risk factors using a robust design involving molecular 
techniques.

Conclusion
The finding from this study confirmed that the association between UTI and recent heterosexual intercourse and the effect 
has a dose-response relationship with frequency. Additional independent risk factor includes a recent history of UTI and 
not wiping from front to back direction after toileting, and delay in voiding. The common bacterium isolated in this study 
was E. coli. The finding highlighted a sharp rise in the rate of antimicrobial resistance against the class of antimicrobials 
commonly used for empirical treatment. However, aminoglycosides, nitrofurantoin and carbapenems were the most 
active drugs.
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