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ABSTRACT  
 
Background: Pregnant women are susceptible to urinary tract infections due to changes in their urinary tract because the 
uterus lies directly on top of the bladder. The prediction of how to screen pregnant women for bacteriuriais a balance between 
the cost of screening sensitivity and specificity. The aim of this study was to evaluate the diagnostic accuracy of rapid dipstick 
tests and microscopy to predict UTI in pregnancy by comparing urine culture as a gold standard. 
Method: A hospital based comparative study was conducted from March-April 2015 at Gondar University referral hospital. 
About 10-15ml of freshly voided midstream urine samples were collected from each participant. All samples were processed for 
urine dipstick tests, microscopic examination and cultured on CLED and identified by the conventional biochemical tests at the 
University of Gondar comprehensive specialized referral hospital Microbiology laboratory. Data was summarized and ana-
lyzed using SPSS version 20statistical software. The sensitivity, specificity, positive predictive and negative predictive and Kap-
pa values were calculated to measure the diagnostic utility of urine diagnostic tests in the detection of UTI in pregnant women. 
Result: A total of 282 pregnant women of whom11.7% (33/282) had ≥105colonies/ml on culture; sensitivity, specificity, posi-
tive and negative predictive values were 39.39% ,73.38%,16.45% and 90.10% for leukocyte esterase, respectively, and 
18.18% ,96.77% ,42.86% and 89.90% for nitrite were included. Moreover, sensitivity, specificity, PPV and NPV of bacterial 
microscopy were 36.36%, 78.25%, 18.20% and 90.30%, respectively. 
Conclusion: This study revealed many false positive and negative results of urine dipstick and microscopy when compared 
with the gold standard culture method. The low sensitivity and positive predictive values of urine dipstick and microscopy tests 
proved that culture should be used for the diagnosis of urinary tract infections. 
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INTRODUCTION 

 
Urinary tract infection (UTI) is caused by the pres-
ence and growth of microorganisms anywhere in the 
urinary tract. The infection occurs when bacteria 
inter from the digestive tract ascending the opening 

of the urethra and begins to multiply to cause infec-
tion either as symptomatic or asymptomatic 
(1).Asymptomatic bacteriuria (ASB) is characterized 
by bacteriuria without clinical symptom manifesta-
tions (2). 
 
In pregnant women, untreated ASB leads to the de-
velopment of pyelonephritis, intrauterine growth 
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 retardation, pre-term birth and low birth-weight in-
fants (3, 4). Pregnant women are susceptible to UTI 
due to changes in the urinary tract because the uterus 
lies directly on top of the bladder. When the uterus 
grows, its increased weight can block the drainage 
urine from the bladder and causes infections (5). 
 
The diagnosis of UTI is based on the isolation of a 
single colony of bacteria in a properly collected spec-
imen of urine from without signs or symptoms of 
UTI (6).Clinical examination is less valuable in UTI 
diagnosis because in most cases the clinical signs are 
not supportive; so, it is important to do laboratory 
urinalysis tests to have a conclusive diagnosis. Until 
now urine culture has been the gold standard method 
for the diagnosis of UTI, and it has been used as a 
screening procedure for urinary tract infections in 
pregnancy (7). While Reagent Strip Testing (RST) is 
a simple and rapid test that can be done at bedsides 
of patients, it can minimize the number of samples 
which are sent for urine culture and make the patient 
care quick and better if it is effective (8,9). 
 
Cysteine lactose electrolyte deficient (CLED) media 
in the form of Semi-quantitative culture was used as 
the gold standard for screening test UTI (10, 
11).Urine Microscopy examination for (bacteria & 
white blood cells) is the other semi-quantitative diag-
nostic method to detect UTI in pregnant women that 
have the advantage of detecting bacteria which are 
non-nitrate producers, but it requires skilled man-
power and electric supply (7). 
 
Bacteriuria can be detected chemically using reagent 
strips when bacteria produce nitrite from nitrate. The 
biochemical reaction detected by nitrite test is related 
to the family Enterobacteriaceae (the pathogens re-
sponsible for UTIs), but the test has its own limita-
tions because nitrite production is not associated with 
some pathogens, like S.saprophyticus, Pseudomonas 
species, or Enterococci (12). 
 

Therefore, evaluating the diagnostic accuracy of rap-
id dipstick tests and microscopy to predict UTI in 
pregnancy by comparing urine culture as gold stand-
ard may contribute to the improvement of diagnosis, 
treatment and prevention of UTI infections in Gondar 
in particular and in Ethiopia in general. Hence, this 
study was designed to evaluate the diagnostic accura-
cy of rapid dipstick tests and microscopy to predict 
UTI in pregnancy by comparing to urine culture as 
the gold standard. As a result, the purpose of this 
study was to evaluate the detection capability of rea-
gent strips and microscopy in the diagnosis of uri-
nary tract infections among pregnant women at the 
University of Gondar comprehensive specialized 
referral hospital, northwest Ethiopia.  

 
MATERIALS AND METHODS 
 
Study Area and design: A cross-sectional study 
was conducted at the University of Gondar compre-
hensive specialized referral hospital from March to 
April 2015.Gondar is the capital of North Gondar 
zone in Amhara region. It is located 737km from 
Addis Ababa, the capital of Ethiopia, and 173km 
from the regional capital of Amhara, Bahir Dar. It 
has 21 kebeles with a projected population of 
300,000.The town has historical sites, like the Fasil 
Castle and churches which contribute to income from 
tourism. In addition, the town has one teaching hos-
pital and many government and private health institu-
tions. 
 
Study population, sample size and sampling tech-
nique: All pregnant women who visited the Ante-
natal Care clinic of the University of Gondar com-
prehensive specialized referral hospital at the time of 
the study were included. The sample size was calcu-
lated using the single population proportion formula: 
N = z2 p (1-p)/w2, where N = the number of pregnant 
women, Z = standard normal distribution value at 95 
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 % CI which is 1.96, P = the prevalence of pulmonary 
tuberculosis among prison inmates (17.4%, previous 
report), W = the margin of error, taken as 5 %. Ac-
cordingly, the sample size calculated was 282.The 
systematic random sampling technique was used to 
select study participants. 
 
Data collection technique and laboratory meth-
ods: Once eligible pregnant women were recruit-
ed for the study, socio-demographic characteristics 
were collected using structured questionee. To begin 
with, 10-15 ml of midstream urine was collected 
using sterile, wide mouthed glass bottles with screw 
cap tops; then, it was processed in the laboratory 30 
minutes after collection. 
 
Urine samples immediately after collection were 
poured into CLED (Cysteine Lysine-Electrolyte-
Deficient) media and incubated at 370C for 24 hours. 
If significant bacteriuria were grown according to the 
standard, it was sub cultured into BAP, MAC and 
CAP (Oxoid Ltd Basingstoke, Hampshire, UK) and 
incubated at 37 0c for 24 hrs. The identification of 
microorganisms was based on their gram reactions, 
colony morphology and biochemical characteristics. 
Gram positive bacteria were tested by biochemicaly  
(Oxoid, LTD), like Catalase, Coagulase, and Novobi-
ocin test. On the other hand, Gram negative bacteria 
were tested using a series of biochemical tests 
(Oxoid, LTD), like hydrogen sulphide production 
(H2S), indole, urease, citrate, LDC (Lysine decarbox-
ylase), production of gas and carbohydrate fermenta-
tion using triple sugar iron agar (TSI) (Oxoid Ltd 
Basingstoke, Hampshire, UK). The reagent strip test 
was performed by dipping the test strip in to a urine 
specimen which is immediately removed to drain off 
excess urine on a paper towel; next, the test strip was 
examined for color change and interpreted according 
to the manufacturer. Finally, microscopy was done 
on 10 ml of mixed urine specimen in a sterile conical 
test tube centrifuged at a speed of 1500-2000 for 3-5 

minute. Then, after discarding the supernatant, a drop 
of urine sediment on a sterile slide was examined 
microscopically. WBC>5/HPF was reported as posi-
tive for bacterial urinary tract infection and as normal 
if the white blood cells were less than or equal to five 
of the high power fields. 
 
Quality control: The questionnair e was or iginally 
prepared in English and translated to Amharic and 
back to English to maintain the consistency of the 
items. Pre-testing of the questionnaire was done for 
completeness and appropriateness before data collec-
tion and a half day training was given for data collec-
tors. The reliability of the findings was guaranteed by 
implementing quality control measures throughout 
the laboratory work. The reference strains used as 
controls were E. coli (ATCC 25922), P. aeruginosa 
(ATCC 27853) and Staphylococcusaureus (ATCC 
25923). 
 
Data analysis: Data was entered into Epi-Info version 
3.5.4 and exported to SPSS version 20 for analysis. 
The sensitivity, specificity, positive and negative 
predictive values were calculated for microscopic 
urine analysis, leukocyte esterase and nitrites to 
measure their diagnostic utility in the diagnosis of 
bacteriuria compared to the gold standard urine cul-
ture. Descriptive statistics, chi-square, receptor oper-
ating curve (ROC) and logistic regression were used 
for the analysis of different variables. A value of 
P≤0.05 was considered significant. 
 
Ethical consideration: Ethical clearance was ob-
tained from the Ethical Review Committee of the 
School of Biomedical and Laboratory Sciences, Col-
lege of Medicine and Health Sciences, the University 
of Gondar. Permission letter was obtained from the 
University of Gondar referral hospital Administration 
Office and written informed consent was also se-
cured from each study participants. All information 
obtained from each participant was kept confidential. 
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 The laboratory results of the participants were sent to 
their doctors for appropriate treatment. 
 

RESULTS 
 
Socio-demographic characteristics: A total of 282 
pregnant women were includedand the predominant 
age group was 25-34(53.2%). Around 40.1% of the 
individuals were at second stage of pregnancy. 
Themajority, 96(34%),were unable to read and write 
(Table 1). 
 
Performance characteristics of different methods 
for the diagnosis of UTI: Of the par ticipants, 
11.7% (33/282) had urine culture with ≥105colonies/
ml; of the282 samples examined using dipstick, 28% 
of the individuals were positive for leukocyte ester-
ase,5% for nitrite and 23.4%for bacterial microscopy. 
The PPV and NPV values of leukocyteesterase were 
16.45% and 90.10%,respectively, and the sensitivity, 
PPV and NPV of nitrite were18.18%, 42.86% and 
89.90%,respectively (Table 2). 
 
Leukocyteesterase was a variable that presented with 
the highest sensitivity (39.39%), while nitrite pre-
sented with the lowest (18.18%) and nitrite with the 
highest specificity (96.77%). Bacteria and microsco-
py also presented a high specificity and Leukocyte 
Esterase was with the lowest specificity 
(73.38%).Nitrite also had the highest positive predic-
tive value, but almost all of the parameters used had 
the highest negative predictive values (around 90%). 
WBC microscopy and bacteriuriahad AUC of 0.393
(.310-.477)vs. 0.336 (.168- .504)], respectively. Leu-
kocyte esterase had 0.709 (.610-.807) (Figure 1, Ta-
bles 2 &3).   

Table 1: Socio-demographic characteristics of preg-
nant women attending antenatal care follow up at the 

University of Gondar hospital, northeast Ethiopia 
2015 

 Variable Number Percent-
age (%) 

Age     

15-24 92     32.6% 

25-34 150     53.2% 

>=35 40 14.2% 

Education     

Unable to read & write 96      34% 

Read and write 36 12.8% 

High school 53     18.8% 

Diploma 71     25.2% 

Degree 26     9.2% 

Income/month     

<=500 75  26.6% 

501-1000 114  40.4% 

1001-2000 66  23.4% 

>=2001 27  9.6% 

Gestational stage     

<=3 66  23.4% 

4-6 113  40.1% 

7-9 103  36.5% 
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Key: Micro: Microscopy, LE: Leukocyte esterase Pos: Positive, PPV: Positive predictive value, Neg: Nega-
tive, NPV: Negative predictive value, Sens: Sensitivity, Spec: Specificity, WBCM: White blood cell microscopy 

 
 
           Bacteria Microscopy                                                           WBC Microscopy 
 
 
 

    

Figure 1: Receiver operating characteristic (ROC) curve with 95% CIs of the leukocyte Esterase, nitrite, bacterial microsco-
py, WBC Microscopy, Bacteria UTI, in women attending ANC follow ups at the University of Gondar hospital 2015 
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 Table 2: Per formance result of methods compared to the gold standard ur ine culture for  the diagnosis of 
urinary tract infections among pregnant women attending ANC follow ups at the University of Gondar hospi-

 

Methods Culture   Sens Spec PPV NPV 

  Pos            Neg Total (%)     (%) (%) (%) 

Pos 
 LENeg 
         Total 

13 66 79       
20 183 203 79 39.39 73.38 90.10 
33 249 282       

NitritePos 
Neg 
            Total 

6 8 14       

27 241 268 18.18 96.77 42.86 89.90 

33 249 282       

Pos 12 54 66       

      
MicroNeg 
           Total 

21 195 216 
 

36.36 78.25 18.20 90.30 

33 249  282       

WBCM Pos 
 Neg 
Total 

9 26 35   
  

  
  

  
  

24                223 247 27.27 89.50 31.57 90.20 
  

33                249 282       
  

Table 3: Sensitivity, specificity and AUCs for  the positive r esults of the, leukocyte esterase, nitr ite tests and 
parameters of WBC microscopy, bacteria microscopy, in diagnosing UTIs compared to gold standard  

urine culture among women attending ANC 2015 

 Tests and Parameters Sensitivity Specificity AUC 95% CI    P- Value 

Leukocyte Esterase 39.39 73.38 0.709 0.610-0.807      0.000 

Nitrite 18.18 96.77 0.539 0.430-0.647      0.465 
  

Bacteria Microscopy 36.36 78.25 0.573 0.465-0.682      0.171 

Microscopy WBC 
  

27.27 89.5 0.393 0.310-0.477     0.009 

Bacteria UTI 31.24 75.65 0.336 0.168-0.504     0.039 

Key: CI: confidence interval           AUC: area under the curve. 
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 Leucocyte Esterase Nitrite: In the logistic r egres-
sion, there was a medium correlation between the 
gold standard culture and urine dipstick for nitrite 
with AOR7.2(0.056, 0.633) and p-value of 0.007 
(Table 4).  

Bacterial isolates: Out of the 282 samples exam-
ined, 33(11.7%) organisms were isolated in culture 
media and E. coli accounted for15 (45.4%)of the 
isolates, followed by Staphylococcus saprophyticus7
(21.2%) and Staphylococcus aureus (Table 5). 

Table 4: The association between cultur e with leukocyte esterase, nitr ite tests and parameter s of  
WBC microscopy, bacteria microscopy among pregnant women attending ANC follow up at the  

University of Gondar hospital 2015. 

 Methods   Culture     

  COR (95% CI) P-value AOR (95% CI) P-value 

Leukocyte esterase 2.3(.845,3.82) .125     

Nitrite 10.8(.048,.463) .001 7.2(.056,.633) .007 

Bacteria microscopy 3.4(.95,4.5) .065     

WBC microscopy 6.9(1.35,7.65) .008 3.6(.97,6.78) .057 

Key: COR: Crude Odds Ratio    AOR:Adjusted Odds Ratio      CI: Confidence Interval 

Table 5: Bacter ial isolates among pregnant wom-
en attending ANC follow up at the University of 

Gondar hospital 2015 

  In this study, the sensitivity and specificity of urine 
dipstick for leukocyte esterase was 39.39% vs. 
73.38% which is low compared with a study in 
northwest India (14) which was 73.5% vs. 58.5% for 
sensitivity and specificity, respectively. This differ-
ence might be due to the fact that short stay of urine 
in the bladder and delay of samples may contribute to 
releasing correct results. A similar study conducted 
in Turkey on 250 patients showed that the sensitivity 
and specificity of bacteria in microscopy were 91% 
vs. 68%, whereas in leucocytes esterase they were 
80% vs. 60%.Values were 84% for leucocytes ester-
ase dipsticks and 93% for bacterial microscopy.  
 
PPV was 52% vs. 61% for leucocytes esterase and 
bacteriuria(15). But in our study the sensitivity, spec-
ificity, NPV and PPV of leucocytes esterase 
were39.39%,73.38%, 90.10% and 16.45%,whereasa 
report from elsewhere showed that the sensitivity, 

 Organism Number of 
isolates 

Percentage 
(%) 

E.coli 15 45.5% 
S.saprophyticus 7 1.2% 

S. aureus 5 15.2% 

k. pneumonia 4 2.1% 

P. mirabilis 2 6.1% 

Total 33 100% 

 

DISCUSSION 

 
A total of 282 pregnant women were the target group 
for assessing the test performance of dipstick and 
microscope for biochemical; as well as morphologi-
cal detection ability by comparing with culture as the 
gold standard.  
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 specificity, NPV and PPV of bacterial microscopy 
were36, 36%, 78.25%, 90.30%, and18.20%, respec-
tively, which were lower than finding of the present 
study. The difference might be due to time of reading 
or aging of samples during the processes. 
 
When we compare the sensitivity and specificity of 
leukocyte esterase and nitrite of the current study 
with that of a study conducted in Bahir Dar -
Ethiopia, ours was by 10.61% and 17.52% and nitrite 
15.82% and 1.23% lower, respectively (21).The dif-
ference from our result might be due to inappropriate 
material storage, technical error and personal bias. 
 
In this study, the sensitivity and specificity of nitrite 
was 18.2% and 96.8%, respectively. The poor corre-
lation of sensitivity between the culture and nitrite 
tests could be the result of non-nitrite reducing bacte-
ria, such as S.aureus, S. saprophyticus and Entero-
coccus species or patients in vegetable free diet 
which is an important source of nitrite. On the other 
hand, there was no false positive or negative result. 
Ethiopian health care services use dipstick for routine 
diagnostic purposes when infections or chronic dis-
eases are suspected even though this test has limita-
tions in accuracy as recent studies indicate (16, 17). 
 
This study also noted the poor detection capacity of 
microscopy for bacteria and white blood cells. In this 
study, the sensitivity of leukocyte esterase, bacteria 
and white blood cells in microscopy were 39.39%, 
36.36%and 27.27%, respectively. The sensitivity of 
leukocyte esterase and microscope for bacteria was 
similar. But the sensitivity of leukocyte esterase was 
better than that of white blood cells in microscopy. 
This might be due to deformation, disintegration, lab 
personnel bias or lyses of white blood cells during 
the collection or examination of urine samples.  
 
The area under the curve is one means of predicting 
the degree of diagnostic accuracy. In this study, the 
AUC of WBC microscopy and bacteriuria was 0.393 

(0.310-0.477) vs. 0.336 (0.168-0 .504), respectively, 
which is different from that of a study done atMaxi-
ma Medical Centre, Clinical Laboratory(22), while 
leukocyte esterase had a similar finding which was 
0.709( 0.610-0.807).In the logistic regression analy-
sis, there was a medium correlation between the gold 
standard culture and urine dipstick for nitrite with 
AOR7.2(0.056, 0.633) and p-value of 0.007 in the 
multivariate analysis which indicated that diagnosing 
using dipstick for nitrite had a comparable result as 
culture unlike leukocyte esterase, WBC microscopy 
and bacteria microscopy which have a poor correla-
tion in line with the finding of a study done by 
Eigbefoh JO.et al (23).  
 
Conclusion and recommendations: Using dipstick 
for nitrite and WBC microscopy for screening UTI 
was associated with low sensitivity and high specific-
ity. There was a correlation between urine dipstick 
for nitrite and culture for diagnosing UTI. This is 
useful for poor resource settings, especially in the 
third world, where there is insufficient trained per-
sonnel and equipment for urine culture. But if there 
is enough resource, the study reveals that the low 
sensitivity and the positive predictive value of urine 
dipstick test and microscopy prove that culture 
should be used for the diagnosis of UTI. 
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