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ABSTRACT 

Background: The urinary tract is a common site for infections, particularly among pregnant women, due to physiological changes 

that occur during pregnancy. These alterations predispose them to infections. This study investigated the prevalence and 

susceptibility pattern of Gram-negative bacteria associated with urinary tract infections among pregnant women. 

Method: A cross–sectional in vitro experimental study conducted among pregnant women who attended antenatal clinic at the 

Princess Christian Maternity (PCMH) Hospital. Participant’s information was captured using structured questionnaire. A total of 

154 clean-catch midstream urine samples were collected and cultured at the microbiology laboratory of the same hospital. 

Susceptibility tests using the Vitek 2 compact automated system were used  

Result: The prevalence of urinary tract infections among pregnant women was 27.9%. Infection was most prevalent among the age 

range of 16-20 years. Pseudomonas aeruginosa, Klebsiella pneumonia, Acinetobacter baumanni, Proteus mirabilis and Escherichia 

coli were the microorganisms identified. However, Escherichia coli (E. coli) was the predominant Gram-negative microorganism 

isolated in this study as it accounted for 50% of the total microbes. All the isolates were resistant to ampicillin. The most common 

isolate was highly susceptible to ciprofloxacin, gentamicin ceftriaxone and ceftazidine. 

Conclusion: This study recorded high prevalence of urinary tract infections among pregnant women. E. coli was the most prevalent 

Gram-negative microorganism isolated and all the organisms were resistant to ampicillin. 
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I. INTRODUCTION 

Urinary tract infections,  also referred to as UTIs are the most prevalent diseases that affect half of the world population at least once 

in their lifetime, and sometimes lead to major health consequences (4). The common pathogens include the Gram-negative bacteria 

such as Escherichia coli, Proteus mirabilis, Klebsiella pneumoniae, and Enterobacter species (spp) ( 32). Depending on the 

anatomical location, urinary tract infections can be categorized as lower UTIs such as cystitis, urethritis, and prostatitis, and upper 

urinary tract infection (UTIs) such as pyelonephritis (infection of the kidney). (46). Additionally,  they can also be grouped as 

complicated or uncomplicated urinary tract infection (UTIs) (44). Due to anatomical and physiological factors, women are eight 

times more likely than males to get a UTI.  (34). Due to physiological, anatomical, hormonal changes and personal hygiene issues, 

pregnant women are more prone to UTIs (6).  UTIs are a serious health issue that affect 20% of expectant mothers and frequently 

lead to obstetric hospitalization (10). Complications such as anaemia, pre-eclampsia, renal failure, sepsis, low birth weight, intra-

uterine growth restriction, preterm labor, early birth, intrauterine fetal death, increased fetal mortality, and morbidity can occur if 

this condition is left untreated (29). In contrast to wealthy nations, the prevalence of UTIs is increasing in underdeveloped nations 

because of inadequate nutrition, low socioeconomic level, and improper antibiotic use (47). Studies conducted in Ethiopia reported 

9-14% prevalence range of UTIs during pregnancy (48). Urinary pathogen antibiotic resistance is becoming more prevalent globally 

and is a serious public health concern, particularly in developing nations. In environments that depend on empirical therapies before 

laboratory confirmation of infections, it is essential to understand the distribution of urinary pathogens and their antibiotic 

susceptibility because antimicrobial resistance varies throughout the world (15). While sophisticated surveillance systems exist in 

some countries (mainly high-income), antibiotic resistance surveillance data are sparse in many countries with limited resources, 

particularly in sub-Saharan Africa. A six-month study conducted by Kengne et al in Chad in 2014, identified Escherichia coli as the 

main cause of UITs, and greater than 60% of all isolates exhibited multidrug resistance (15). A researched in which more than 1, 

000 urine samples were collected and examined between 2012 and 2017, 30% of the samples confirmed positive for bacteria isolates 

and E. coli accounted for  50% of the samples that tested positive (13) and close to 90% of the isolates were, multidrug resistant 

(13).  

In Bo, the second largest city in Sierra Leone, a study reported the presence of Citrobacter freundii, Klebsiella pneumoniae, 

Enterobacter cloacae, Escherichia coli, Enterobacter sp. Leclercia sp. and Escherichia. 

Hermannii in urine samples and 85.7% of these isolates demonstrated multidrug resistance to extended-spectrum ß-lactamase (41). 

Widespread resistance was reported for sulphonamides (91.4 %), chloramphenicol (72.9 %), gentamycin (72.9 %), ampicillin with 

sulbactam (51.4 %) and ciprofloxacin (47.1 %) with C. freundii exhibiting the highest and E. coli the lowest prevalence of multidrug 

resistance (41). 

A study conducted at two tertiary hospitals in Freetown, Sierra Leone reported Escherichia coli, Klebsiella pneumoniae, 

Staphylococcus aureus, and Pseudomonas spp (13).  The study further reported 55% overall multidrug resistance particularly for E. 

coli (58%), Pseudomonas spp. (50%), and S. aureus (44%). The isolates were resistant to trimethoprim-sulfamethoxazole (47%), 

nalidixic acid (44%), nitrofurantoin (32%) and cefotaxime (36%) (13).  

II. MATERIALS AND METHOD  

Materials 

Materials such as MacConkey ager, Cystine Lactose Electrolyte Deficient (CLED) ager, Nutrient ager, Petri dishes, Viteck 2 

compact, cotton swab, safety cabinet, hot air oven, incubator, laboratory coat, hand glove, face mask, distilled water, Hot plate, loop 

holder, wire loop, graphite pencil, permanent maker, plane slide, frosted end slide, cover glasses, urine strips, microscope, Coleman 

coolers, Ice pack, urine container were used in this study. 

Study design  

It was an in vitro cross–sectional experimental study designed to investigate the prevalence and susceptibility   

Pattern of the prevalence and susceptibility pattern of Gram-negative bacteria isolated from the urine samples of pregnant women 

who visited Princess Christian Maternity Hospital (PCMH). 

Hermannii in urine samples and 85.7% of these isolates demonstrated multidrug resistance to extended-spectrum ß-lactamase (41). 

Widespread resistance was reported for sulphonamides (91.4 %), chloramphenicol (72.9 %), gentamycin (72.9 %), ampicillin with 

sulbactam (51.4 %) and ciprofloxacin (47.1 %) with C. freundii exhibiting the highest and E. coli the lowest prevalence of multidrug 

resistance (41). 

A study conducted at two tertiary hospitals in Freetown, Sierra Leone reported Escherichia coli, Klebsiella pneumoniae, 

Staphylococcus aureus, and Pseudomonas spp (13).  The study further reported 55% overall multidrug resistance particularly for E. 

coli (58%), Pseudomonas spp. (50%), and S. aureus (44%). The isolates were resistant to trimethoprim-sulfamethoxazole (47%), 

nalidixic acid (44%), nitrofurantoin (32%) and cefotaxime (36%) (13).  

Study site  

The study was conducted at the Princess Christian Maternity Hospital (PCMH) which is one of the University Teaching Hospitals in 

Sierra Leone purposely built for maternity cases. This facility has a 168-bed capacity and admits 850 patients each month.  
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Study populations 

This study was conducted among pregnant women who attended antenatal clinic at the Princess Christian Maternity Hospital 

(PCMH). 

Sample size  

Due to the paucity of data on urinary tract infections among pregnant women in Sierra Leone, 50% of the population proportion was 

used to determine the sample size based on a single population proportion. The tolerable margin of error/precision (𝑑) = 5%, Z 

score for 95% confidence level.  

From the Fischer equation:  𝑛 =
𝑍2×𝑝(1−𝑝)

𝑑2   

Where; n =? (Required sample size), z = 95% = 1.96 (confidence level), p = 50% (prevalence rate of disease) and d = 5% 

(precision/margin of error). 

 𝑛 =
(1.96)2×0.5(1−0.5)

(0.05)2  

 𝑛 =   384 

By substituting the value of 𝑛 = 384 𝑎𝑛𝑑 𝑁 = 258 into Cochrane formula (Since the total pregnant women visiting the hospital are 

less than 10000)  

𝑁𝐹 =
𝑛

1 +
𝑛
𝑁

    =     
384

1 +
384
258

    =    154.31    

Thus, 154 pregnant women were targeted to conduct this study                                                     

Collection and coding of urine samples 

A well-structured on-the-spot questionnaire was developed to capture demographic data of participants. A sterile container with air- 

tight screw cap was given to each participant and clear instruction on how mid-stream urine is collected was also made. Each 

participant collected urine to the 15ml mark of the container. Each container was coded with the patient initials, age and time of 

collection. The containers were taken to the Princess Christian Maternity Microbiology Laboratory for culture and microscopy.  

Inoculation and incubation of sample 

A calibrated wire loop (0.001ml) was used to inoculate urine samples on Cystine Lactose Electrolyte Deficient (CLED) and Blood 

ager plates and the plates were then incubated at 370C for 24 hours. Colony counts were carried out on culture plates to check 

significant growth, and those with a colony count of >105 Colony forming unit (CFU)/ml were considered significant. The method 

employed in the identification and characterization of isolated bacteria included examination of morphological features of the 

colonies on the agar plates and convectional biochemical tests 

 

Urine dipstick test  

This test was done immediately after the collection of each urine sample. This was done by gently pouring the urine sample over the 

uristrip one after another where all samples presenting with leucocytes, proteins and nitrites were counted as positive for bacteriuria 

and those without, as negative for absence of bacteriuria. All the urine samples that were positive for protein, nitrite and leucocytes 

were subjected to culture procedure. 

Microscopic examination 

Exactly 5 ml of each urine sample was taken in a clean sterile centrifuge tube and centrifuged at 3000 rpm for 5 minutes. The 

supernatant was discarded. The sediment was then examined under high power magnification for the presence of pus, red blood 

cells, epithelial cells, casts, crystals, and yeast cells. 

 Gram staining technique  

Gram staining technique is a differential staining used to classify and categorize bacteria in specimens or cultures by their Gram 

reactions (Gram positives or Gram negatives) and morphology (rods, cocci, vibrios, spirilla and spirochaetes. The test was carried 

out using the procedure of Gram (1884). Smears were made from pure colonies after overnight growth on grease free slides. These 

were air dried and covered with crystal violet stain for one minute and rinsed with clean water, it was then covered with lugos iodine 

for one minute and rinsed. The smear was decolorized with acetone-alcohol for thirty seconds and then counterstained with neutral 

red for two minutes, rinsed and air dried. The stained smears were examined microscopically under oil immersion objective (100×) 

(Gram, 1884).  
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Pure culture for identification 

 Before performing biochemical and other tests each of the organisms was isolated in pure form. Gram staining of an isolated colony 

was done from primary culture. For gram-negative organism, a speck of single isolated colony from Cystine Lactose Electrolyte 

Deficient (CLED) agar was transferred into the nutrient broth and incubated at 37ºC for 4 hours. It was then sub cultured on dried 

nutrient agar plate and incubated at 37℃ for 18-24 hours. Thus, obtained overnight incubated culture of organism on nutrient agar 

was used to perform identification with Vitek 2 compact automated system.   

Microbial identification 

Before performing biochemical and other tests each of the organisms was isolated in pure form. Gram staining of an isolated colony 

was done from primary culture. For gram-negative organisms, a speck of a single isolated colony from Cystine Lactose Electrolyte 

Deficient (CLED) agar was transferred into the nutrient broth and incubated at 37ºC for 24 hours. It was then sub-cultured on a dried 

nutrient agar plate and incubated at 37℃ for 18-24 hours. Thus, overnight incubated culture of organism on nutrient agar was used 

to perform identification with Vitek 2 compact automated system. 

Antimicrobial susceptibility 

After Gram staining, appropriate cards were selected based on whether the organism is Gram-positive or Gram-negative. The cards 

were allowed to attained room temperature before package liners were opened. Two tubes were labeled one was used for 

identification and the other tube was used for antimicrobial susceptibility test. Sterile saline (3 ml) was placed in the first test tube 

and a pure colony was collected and transferred into the test tube and mixed to obtained bacteria suspension. The suspension was 

compared with 0.5 McFarland standards. Turbid suspensions beyond the standard were discarded and those that matched the 0.5 

McFarland standards were used for the study. About 0.5 ml of an aliquot of the suspension was micro pipetted and transferred to 

first test tube that already contained 3 ml saline. This was mixed to obtain uniform suspension and was used for identification. 

Another 0.5 ml of the same preparation was collected and transferred to another test tube that had 3 ml saline and mixed for 

uniformity. This was used for antimicrobial susceptibility test.  The tubes were placed in the cassette and loaded into the Vitek 2 

compact automated system for identification and susceptibility test. 

 

III. RESULTS 

Sociodemographic characteristics 

Participants were within the age range targeted 16-45 years with a mean age of 2.53 (± 1.21 SD) years. The highest number of the 

study participants 35 (22.7%) were in the age range of 16-20 years.  More than half of the participants 138 (89.6%) had gravidity in 

the range of 1 – 3 times (table 1). History of miscarriages and urinary tract infection (UTI) were found in 34 (22.1%) and 148 

(96.1%) of study participants respectively. Only small proportion of the participants 32 (20.8%) attained tertiary education 

Prevalence of urinary tract infection 

One hundred and fifty-four (154) urine samples were collected and analyzed during this study. Forty-three (43) showed growths 

which accounted for urinary tract infection’s prevalence of 27.9% (figure 1).  

Prevalence of bacterial isolates  

More than half (56%) of the urine samples that showed growths were revealed to have Gram-negative microorganisms (figure 2).  

Twenty-four (24) Gram-negative isolates were identified in the samples analyzed. Escherichia coli was the most prevalent 12 (50%) 

Gram-negative microorganism identified among the isolates (table 2). 

Table 1: Sociodemographic characteristics of study participants 

Variables  Frequency Percentage (%) 

Age 

16 – 20  35 22.7 

21 – 25  11 7.1 

26 – 30  28 18.2 

31 – 35  31 20.1 

36 – 40  21 13.6 

41 – 45  28 18.2 
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Educational status 

Illiterate  26 16.9 

Primary 11 7.1 

Secondary 85 55.2 

Tertiary 32 20.8 

Gravidity    

1 – 3  138 89.6 

4 – 6  16 10.4 

Miscarriages    

Yes 34 22.1 

No 120 77.9 

Symptoms of urinary tract 

infection (UTI) 

  

Yes 148 96.1 

No 6 3.9 

 

  

 

Figure 1: Samples with bacteria growth and non-growth 

 

Table 2: Gram-negative bacteria isolated from urine samples collected from pregnant women 

Gram-negative organisms 

isolated 

Frequency Percentage (%) 

Escherichia coli 12 50 

0

20

40

60

80

100

120

Bacteria growth No bacteria growth

27.9%

72.1%
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Pseudomonas aeruginosa 4 16.7 

Klebsiella pneumoniae 3 12.5 

Acinetobacter baumanni 3 12.5 

Proteus mirabilis 2 8.33 

 

 

Figure 2: Category of pathogens isolated from urine samples 

 

Bacterial isolates and their susceptibility 

Among the Escherichia coli (E. coli) isolates, 91.7% were resistant to ampicillin and 66.7% were resistant to 

trimethoprim/sulfamethoxazole (table 3). E. coli was highly susceptible to gentamicin (75%) and ciprofloxacin (75%) and 

ceftazidine (83.3%). Pseudomonas aeruginosa was completely (100%) susceptible to ciprofloxacin but 75% intermediate resistant 

to ampicillin. On the other hand, 75.0% of P. aeruginosa were resistance to azithromycin. All (100%) of the Proteus mirabilis were 

resistant to ampicillin and augmentin. Regarding K. pneumonia, 66.7% resistant to Ampicillin, Ceftriaxone and Nitrofurantoin.  

All (100%) of Acinetobacter baumanni, were susceptible to Cefotaxime, Ceftriaxone, Cefepime, Ceftazidine and Ciprofloxacin. 
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Table 3: Antimicrobial susceptibility patterns of the isolates 

AMP = Ampicillin CAZ = Ceftazidine ATH = Azithromycin CIP = Ciprofloxacin 

AUG = Augmentin CRO = Ceftriaxone   NI = Nitrofurantoin   TS = Trimethoprim/ 

Sulfamethoxazole CTX = Cefotaxime CP = Cefepime GM = Gentamicin 

 

DISCUSSION 

Bacterial 

Isolate 

Total  Pattern Antimicrobial Susceptibility Pattern 

AMP  AUG CTX CAZ CRO CP ATH NI GM CIP TS 

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

E. coli 12 

S 0 (0) 

2 

(16.7) 8 (66.7 

10 

(83.3) 

9 

(75.0) 

7 

(58.3) 

7 

(58.3) 

5 

(41.7) 

9 

(75.0) 

9 

(75.0) 

2 

(16.7) 

I 1 (8.) 

5 

(41.7) 

2 

(16.7) 0 (0) 0 (0) 

2 

(16.7) 1 (8.3) 

3 

(25.0) 0 (0)  

2 

(16.7) 

2 

(16.7) 

R 

11 

(91.7) 

5 

(41.7) 

2 

(16.7) 2 (16.7) 

3 

(25.0) 

3 

(25.0) 

4 

(33.3) 

4 

(33.3) 

3 

(25.0) 1 (8.3) 

8 

(66.7) 

P. 

aeruginosa 

4 

S 1 (25.0) 

1 

(25.0) 

2 

(50.0) 2 (50.0) 

2 

(50.0) 

2 

(50.0) 0 (0) 

2 

(50.0) 

1 

(25.0) 

4 

(100.0) 

1 

(25.0) 

I 3 (75.0) 

1 

(25.0) 

1 

(25.0) 0 (0) 0 (0) 

1 

(25.0) 

1 

(25.0) 0 (0) 

1 

(25.0) 0 (0) 

1 

(25.0) 

R 0 (0) 

2 

(50.0) 

1 

(25.0) 2 (50.0) 

2 

(50.0) 

1 

(25.0) 

3 

(75.0) 

2 

(50.0) 

2 

(50.0) 0 (0) 

2 

(50.0) 

K. 

pneumoniae 

3 

S 1 (33.3) 

3 

(100.0) 

2 

(66.7) 1 (33.3) 

1 

(33.3) 0 (0) 0 (0) 

1 

(33.3) 

1 

(33.3) 

3 

(100.0) 

1 

(33.3) 

I 0 (0) 0 (0) 0 (0) 1 (33.3) 0 (0) 0 (0) 0 (0) 0 (0) 

1 

(33.3) 0 (0) 

1 

(33.3) 

R 2 (66.7) 0 (0) 

1 

(33.3) 1 (33.3) 

2 

(66.7) 

3 

(100.) 

3 

(100.0) 

2 

(66.7) 

1 

(33.3) 0 (0) 

1 

(33.3) 

A. 

baumanni 

3 

S 1 (33.3) 

1 

(33.3) 

3 

(100.0) 

3 

(100.0) 

3 

(100.0) 

3 

(100.0) 

2 

(66.7) 

2 

(66.7) 

2 

(66.7) 

3 

(100.0) 

2 

(66.7) 

I 1 (33.3) 2 (66.7 0 (0) 0 (0) 0 (0) 0 (0) 

1 

(33.3) 

1 

(33.3) 

1 

(33.3) 0 (0) 0 (0) 

R 1 (33.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

1 

(33.3) 

P. mirabilis 2 

S 0 (0) 0 (0) 

1 

(50.0) 1 (50.0) 

2 

(100.0) 

2 

(100.0) 

1 

(50.0) 

1 

(50.0) 

1 

(50.0) 

1 

(50.0) 0 (0) 

I 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

1 

(50.0) 

R 

2 

(100.0) 

2 

(100.0) 1 (50.) 1 (50.0) 0 (0) 0 (0) 

1 

(50.0) 

1 

(50.0) 

1 

(50.0) 

1 

(50.0) 

1 

(50.0) 
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This study assessed the prevalence and susceptibility patterns of Gram-negative bacteria isolated from urine samples of pregnant 

women who visited Princess Christian Maternity Hospital (PCMH), Freetown, Sierra Leone. A total of 154 urine samples were 

collected from pregnant women aged 16-45 years. According to this study, 16.9% of respondents had no formal education. This is 

comparable to 15.8% proportion of non-formal education among respondents in a study that was reported in Zakho City, Kurdistan 

Region, and Iraq (19). In this study, the obstetric data showed that 89.6% had gravidity of 1-3 times. This finding is similar to a study 

conducted in Eastern Ethiopia, where 79% reported having gravidity of 1-3 times (15). This study also reported 96.1% history of 

urinary tract infection occurrence among study participants which is in contrast with a 27% history of UTIs reported study that was 

conducted in Eastern Ethiopia (15). The overall prevalence of urinary tract infection found in pregnant women in this study was 27.9%. 

This is higher than those the 10.4% prevalence reported in Gondar, Ethiopia, 15.8% prevalence reported in Kano, Northern Nigeria and 

the 14.6% prevalence reported in Mwanza, Tanzania (3) but lower than the 32% prevalence El Menoufia Governorate and the 35% 

prevalence reported in South-West Uganda (18, 33). In this study, highest prevalence (37.2%) of UTI was reported among 21-25 years 

age range. This is in contrast with a study conducted in Northern Nigeria which 31-40 years as the age range that recorded the highest 

(45.8%) prevalence of UTI (25).  

E. coli was the most common Gram-negative isolate found in this study as it accounted for 50% of the total microorganisms found. This 

is higher than the 38.1% prevalence found in a study conducted in Samawah, Iraq and the 47.5% prevalence reported in Gander, 

Northwest Ethiopia (3, 23).  

Regarding the level of resistance exhibited by specific pathogens, E. coli was highly resistant to ampicillin (91.7%) and 

trimethoprim/sulfamethoxazole (66.7%). The finding of this study is consistent with study conducted Goba and Sinana Woredas, Bale 

Zone, Southeast Ethiopia (37). It is also very similar to research conducted in Northwest Ethiopia in which all (100%) E. coli isolates 

were resistant to ampicillin (3). However, majority of the E. coli isolates exhibited very high susceptibility to gentamicin (75%), 

ciprofloxacin (75%) and ceftazidine (83.3%). This is similar to a study conducted in Zakho City, Kurdistan Region, and Iraq, where E. 

coli isolates from the samples were extremely sensitive to gentamicin (82.4%) (19).   

All (100%) of K. pneumoniae isolated in this study were susceptible to Augmentin and ciprofloxacin and moderately susceptible to 

Cefotaxime (66.7%). This is similar to a study that was conducted in Kaduna, Nigeria in which K. pneumonia isolates (100%) were 

found to be highly susceptible augmentin, ciprofloxacin and 88.24% susceptible amoxicillin (2). It was moderately resistant to 

ampicillin (66.7%) and nitrofurantoin (66.7%).  

The Pseudomonas aeruginosa (P. aeruginosa) isolates were sensitive to ciprofloxacin (100%) and ampicillin (75%). This is similar to a 

study reported in Kaduna in which the isolates of P. aeruginosa were highly sensitive to ciprofloxacin (2). High resistance was 

observed cefepime (75%) whilst moderate resistance (50%) was recorded for augmentin, ceftazidine, ceftriaxone, nitrofurantoin, 

gentamicin, and trimethoprim and sulfamethoxazole. In another study conducted in Nepal, gentamicin was observed to highly effective 

against p. aeruginosa (21).  

In this study, all (100%) of the isolates of Acinetobacter baumanni were susceptible to ceftazidine, ciprofloxacin and ceftriaxone. This 

is contrary to studies conducted in Baghdad where 81% of the isolates were resistant to ciprofloxacin and Southwest Nigeria which 

reported 100% resistance to ciprofloxacin and ceftazidine (26. 38).  

All (100%) isolates of Proteus mirabilis were susceptible to ceftriaxone and cefepime and completely resistant to ampicillin and 

augmentin. This is similar to a study conducted in south-west Uganda which reported 100% susceptibility of this isolate to ceftriaxone 

and 85.7% resistance to ampicillin (18).  

IV. CONCLUSION  

In this study, the overall prevalence of urinary tract infection among pregnant women was 27.9%. The highest prevalence was found in 

the age range of 16-20 years.  The dominant isolate identified in this study was E. coli. All the isolates were resistant to ampicillin. E. 

coli exhibited high susceptibility to gentamicin and ciprofloxacin. P. aeruginosa had very high susceptibility to ciprofloxacin. K. 

pneumoniae also exhibited outstanding susceptibility to augmentin and ciprofloxacin. 
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