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AbstrACt
Objective To assess the test characteristics of a urine 
dipstick test in predicting a positive urine culture in an 
outpatient setting in Indonesia.
Design Cross-sectional study.
setting Two outpatient clinics in Medan, Indonesia.
Participants 616 consecutively enrolled participants 
suspected of having a urinary tract infection.
Outcome measures The primary outcome is the 
estimates of accuracy (sensitivity, specificity, predictive 
values) where urine culture is the reference test. The 
secondary outcome is the post-test probability of a positive 
urine culture.
results The optimal test characteristics were obtained 
when index test positivity was defined as any leucocyte 
esterase reaction and/or a nitrite reaction and reference 
test positivity was defined as a urine culture with a growth 
of at least 103 colony-forming units/mL (sensitivity: 88.2% 
(95% CI 81.6 to 93.1), negative predictive value: 93.0% 
(95% CI 88.9 to 95.9)). The post-test probability of a 
positive urine culture after a negative urinary dipstick test 
was 7% in the obstetric/gynaecology clinic and 8% in the 
internal medicine clinic.
Conclusion The use of a urine dipstick test in a rule-out 
strategy can reduce the need for urine culture and avoid 
the prescription of (ineffective) antibiotics in a non-urology 
outpatient setting.

IntrODuCtIOn 
Urinary tract infection (UTI) is the most 
common reason to prescribe antibiotic treat-
ment in primary care, which is, in general, 
given empirically on the basis of clinical signs 
and symptoms.1 Culture of urine specimens 
is reserved for those patients whose symp-
toms do not resolve after empirical treatment 
or who present with recurrent episodes of 
UTI-associated symptoms. Empirical treat-
ment in a setting with a high prevalence of 
antimicrobial resistance (AMR) may result in 
treatment failure and contributes to further 

selection of resistance. Coupled with the 
fact that the clinical manifestation of a UTI 
mimics that of other syndromes, empirical 
treatment for UTI leads, in a setting of high 
prevalence of AMR, to an overprescribing of 
inadequate therapy, resulting in additional 
morbidity for the patients and costs for the 
healthcare system.2 3 

A urine culture will provide support for 
the diagnosis of UTI, in addition to clinical 
symptoms and the presence of potential 
risk factors, identify the causative organism, 
and steer adequate antimicrobial treatment. 
In many low-income and middle-income 
countries (LMICs), the laboratory capacity 
to perform urine culture is limited, or 
urine culture is too expensive to be offered 
routinely in primary care.4 The use of a point-
of-care test that predicts the result (positive 
or negative) of urine culture in patients 
with UTI-associated symptoms would greatly 
enhance the efficiency of clinical diagnostics 
and care, and of use of resources. The urine 
dipstick test, which detects the presence of 
leucocytes and/or nitrite in urine specimens 
within minutes, is such a test. Urine dipstick 

strengths and limitations of this study

 ► The strength of the study is its population-based 
setting representing a  typical clinical conduct in 
Indonesian outpatient clinics, giving the results a 
clear impact for care provided.

 ► The main limitation of the study is its restriction to 
two purposely chosen health facilities.

 ► The number of positive reference tests (urine cul-
ture) is limited for some of the definitions for pos-
itivity used, resulting in rather wide CIs around the 
accuracy estimates.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-023051
http://dx.doi.org/10.1136/bmjopen-2018-023051
http://dx.doi.org/10.1136/bmjopen-2018-023051
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-023051&domain=pdf&date_stamp=2018-08-28
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tests are, however, not routinely used in the primary care 
setting in many LMICs.

The prevalence of AMR in uropathogens is alarmingly 
high in Indonesia, both in inpatients and outpatients. A 
population-based AMR survey in Medan and Bandung 
showed that empirical oral therapy for UTIs in outpa-
tients is only possible when having access to nitrofuran-
toin or fosfomycine.5 The prevalence of resistance against 
fluoroquinolones, the drugs of first choice according 
to Indonesian treatment guidelines, was above 40% in 
Escherichia coli (72% in urology clinics) and above 25% 
in Klebsiella pneumoniae (84% in urology clinics). The 
same survey showed that the empirical treatment with a 
fluoroquinolone was appropriate in just one-third of the 
outpatients receiving these drugs. Urine culture and anti-
microbial susceptibility testing could have prevented the 
prescription of inappropriate therapy.

We aimed to assess the performance of the dipstick test 
to assist clinicians in deciding whether to send a urine 
sample for culture or not. The primary objective is to 
estimate the test characteristics of the urine dipstick test 
in relation to the results of a urine culture in patients 
suspected of having a UTI, from two primary care outpa-
tient clinics in Medan, Indonesia.

MethODs
Design and setting
The study was a cross-sectional survey in which data 
collection was planned before the performance of the 
index test (dipstick test) and the reference test (urine 
culture). The study was embedded in a larger study on 
estimating the prevalence of AMR in UTIs using a lot 
quality assurance sampling approach. The survey took 
place in two purposively selected outpatient clinics in the 
primary care setting in Medan, Indonesia: one for obstet-
rics/gynaecology and one for internal medicine.

Population and procedures
Adult patients (age ≥18 years) with a clinical suspicion 
of UTI were eligible to be enrolled in the study. UTI 
was defined according to the guidelines of the Centers 
for Disease Control and Prevention.6 Participants were 
included consecutively during the entire time frame in 
which participants were enrolled in the facility for the 
main study. Each participant provided, after written 
informed consent, a clean-catch mid-stream urine spec-
imen for dipstick test and culture. Urine specimens were 
immediately stored at 2°C–8°C until initial processing in 
the laboratory of Adam Malik General Hospital (a tertiary 
care facility), which occurred within 8 hours of urine 
collection.

sample size
The sample size was based on the duration of the primary 
study in the selected health facilities. This duration 
depended on the collection of 44 positive urine cultures 
with E. coli and/or K. pneumoniae, needed for classifying 

the facility as having a high or low prevalence of AMR (F 
Ginting et al., submitted, 2018).

test methods
The index test consisted of the Combur 10 urinary dipstick 
test (Roche Diagnostic, Germany) and was performed 
according to the manufacturer’s instructions, directly 
after receiving the participant’s urine in the outpatient 
facility. We used multiple definitions of a positive index 
test, based on combinations of the leucocyte esterase test 
result and the nitrite test result.

The urine was stored in a cool box on receipt until 
transport to the central laboratory (within 4 hours of 
collection), where it was stored in a refrigerator (2°C – 
8 °C). The reference test was performed within 24 hours 
after the initial receipt of the urine.

The reference test was a standard urine culture in 
which urine was inoculated onto a MacConkey agar 
plate (Oxoid, Thermo Scientific, UK) using calibrated 
loops (10 µL) and incubated at 37°C for 18 hours. We 
used three different definitions for a positive reference 
test, being growth of at least 103 colony-forming units 
per millilitre (cfu/mL), at least 104 cfu/mL or 105 cfu/
mL. The latter two definitions use thresholds to define 
culture positivity that are commonly used in clinical prac-
tice. The concentration of 103 cfu was used to account for 
the potentially limited growth in a setting with large-scale 
over-the-counter sales of antibiotics, and therefore with a 
high probability of prior antibiotic treatment, interfering 
with bacterial growth.

Laboratory technicians reading the culture plates were 
not aware of the dipstick test results, while the study 
nurses performing the urine dipstick test were not aware 
of any clinical information other than the participant 
being suspected of having a UTI, through the screening 
procedure.

Data analysis
All analyses were a priori specified in a data analysis plan. 
For each combination of index and reference test, we 
calculated the dipstick test characteristics (sensitivity, spec-
ificity, positive predictive value, negative predictive value) 
for a positive urine culture, with associated 95% CIs. For 
the index test definition with the optimal test characteris-
tics (based on the Youden Index7), we calculated the prob-
ability of a positive culture (post-test probability), given the 
prevalence of positive cultures in the population (pretest 
probability), stratified by index test results (positive or 
negative). This approach is preferred over the commonly 
used receiver operating characteristic curve with its asso-
ciated area under the curve (AUC). The AUC provides a 
single estimate of test accuracy. It does not provide direct 
insight into the probability of a positive urine culture by 
dipstick result. Our approach of calculating post-test prob-
abilities for different pretest probabilities does exactly that, 
and thereby aids the care provider directly in his/her clin-
ical assessment of the patient, the need for additional diag-
nostic tests, and the decision to start empirical therapy.
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Neither the index nor the reference test could have 
an indeterminate result. Participants without a result 
on either of the index and/or the reference test were 
excluded from the analyses. Data were analysed using 
STATA V.14.

Patient and public involvement
The study is directly relevant to patients’ experiences, 
given the fact that they, in general, bear the cost of urine 
culture. There was no patient or public involvement in 
the design, conduct and analysis of the study, nor in the 
recruitment of participants. There are no planned dissem-
ination activities towards patients or the general public.

reporting guidelines
The study is reported according to the Standards for 
Reporting of Diagnostic Accuracy Studies (STARD) 
guidelines, the checklist for which is available as online 
supplementary material.

results
The study included 616 patients, of whom 3 were 
excluded from further analysis due to missing dipstick test 
results (n=1) and missing culture results (n=2) (figure 1). 
Patients’ characteristics are reported in table 1. None of 
the participants reported an adverse event during the 
study. The cross-tabulations of the results of the index 
and reference test are reported in table 2, together with 
the accuracy estimates and their 95% CIs.

Sensitivity decreases rapidly when the definition of a 
dipstick positive test required an increasingly strong test 
reaction for leucocyte esterase, regardless of the defini-
tion of culture positivity. A positive dipstick test defini-
tion requiring both a leucocyte esterase reaction and a 
nitrite reaction results in low sensitivities, but high spec-
ificities, leading to high negative predictive values when 
using culture positive definitions with the threshold of 
growth of at least 104 cfu/mL or 105 cfu/mL. The dipstick 
test positivity definition of at least 1+ leucocyte esterase 
reaction and/or a positive nitrite reaction provides the 
highest sensitivity and the highest negative predictive 
value, regardless of the culture positivity definition. This 
definition for a positive index test provided the highest 
Youden Index (131.7) when the definition of culture 
positivity was set at 103 cfu/mL or more.

The post-test probabilities of a positive urine culture 
given the pretest probability (prevalence) and dipstick 

Figure 1 Participants included and tests performed.

Table 1 Baseline characteristics

Site

Obstetrics/gynaecology Internal medicine Total

n=313 n=303 n=616

n % n % n %

Female 313 100 159 52.5 470 76.3

  Missing – – 2 0.7 3 0.5

Age, years (median (IQR)) 30 28–36 54 48–62 42 30–54

Dysuria 78 24.9 161 53.1 239 38.8

  Missing 1 0.3 5 1.7 6 1.0

Polyuria 231 73.8 146 48.2 377 61.2

  Missing 1 0.3 5 1.7 6 1.0

Urgency 38 12.1 30 9.9 68 11.0

  Missing 1 0.3 5 1.7 6 1.0

Lower abdominal pain 246 78.6 161 53.1 407 66.1

  Missing 1 0.3 2 0.7 3 0.5

Haematuria 2 0.6 3 1.0 5 0.8

  Missing 1 0.3 2 0.7 3 0.5

https://dx.doi.org/10.1136/bmjopen-2018-023051
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test results (positive or negative) using the above dipstick 
positivity definition are depicted in figure 2. The 45° line 
indicates a similar pretest and post-test probability. All 
lines above this 45° line indicate an increased post-test 
probability of a positive urine culture given the pretest 
probability. Similarly, all lines below this 45 ° line indi-
cate a decrease in the post-test probability of a positive 
urine culture given the pretest probability. Having a posi-
tive dipstick test (solid lines) just marginally increases 
the post-test probability from the pretest probability, 
irrespective of the definition of culture positivity used. 
In contrast, having a negative dipstick test (dotted lines) 
substantially reduces the post-test probability from the 
pretest probability for a positive urine culture. Even if the 
pretest probability of a positive culture is well above 50%, 
the probability of a positive culture when the dipstick test 
is negative remains below 50%. This is most striking when 
culture positivity is defined as at least 103 cfu/mL.

The prevalence of a positive culture in patients with 
UTI-associated symptoms in the outpatient clinic for 
internal medicine was 21%. This gives a probability of a 
positive culture given a positive dipstick test of 30% and a 
probability of 7% when the dipstick test is negative. These 
probabilities are 50% and 8%, respectively, in the outpa-
tient clinic for obstetrics/gynaecology, with a prevalence 
of positive urine cultures of 24% (figure 2).

DIsCussIOn
The study shows that the urine dipstick test is an adequate 
tool to assess the probability of a positive urine culture in 
outpatients with UTI-associated symptoms. Given the test 
characteristics, the dipstick test should be used in a rule-out 
strategy, rather than a rule-in strategy, in this setting. A 
negative dipstick test (no reaction for leucocyte esterase 
nor nitrite) is indicative of a low probability of a positive D
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Figure 2 Post-test probabilities for levels of pretest 
probabilities for the definitions of positive dipstick and 
positive culture. Vertical dotted lines refer to the prevalence 
of a positive urine culture in outpatient clinic for internal 
medicine (21%, left vertical line) and the outpatient clinic for 
obstetrics/gynaecology (24%, right vertical line).
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urine culture, making the diagnosis of UTI unlikely and 
empirical antimicrobial therapy unwarranted. Imple-
menting this strategy in non-urology outpatient facilities 
in Indonesia could lead to a considerable reduction in 
the prescription of antibiotics, thereby contributing to 
combating AMR.

Using a rule-out strategy leads to a number of missed 
UTI diagnoses, the consequences of which should be 
judged by the treating physician. Uncomplicated UTI 
is self-limiting in large patient groups, making an initial 
missed diagnosis likely to be a minor event. But in preg-
nant women, a missed UTI diagnosis could lead to serious 
complications for both the mother and the unborn 
child.8–10 The test characteristics in our study were nearly 
similar in the obstetrics/gynaecology and internal medi-
cine clinic, where the rule-out strategy would miss 8% and 
5% positive cultures, respectively.

There is wide variety in the reported role and useful-
ness of the urine dipstick tests in the diagnosis of UTI. 
Our results are in line with a meta-analysis including 
14 studies that support the use of the dipstick test in a 
rule-out strategy. The pooled pretest probability was 20% 
in this meta-analysis, with a post-test probability of 52% 
for a positive dipstick test and 5% for a negative dipstick 
test.11 However, the setting of the different studies varied 
considerably and included general practice, antenatal 
care, emergency department and hospitalised patients. In 
the five studies conducted in the antenatal care setting, 
none reported a post-test probability of over 5% with a 
negative dipstick test results (leucocyte esterase and/
or nitrite reaction).11 A similar conclusion was drawn 
by another meta-analysis reporting population-specific 
estimates, with a post-test probability of a negative test 
of 5% in the antenatal care setting, although of 12% in 
the setting of general practitioners.12 Both reports indi-
cate that care setting and patient population are the main 
sources for the heterogeneity of the findings. The results 
are contradictory to an older meta-analysis, concluding 
that in many clinical settings the post-test probability of a 
positive culture with a negative dipstick test was too high 
to dismiss the diagnosis of a UTI.13

The common use of the urine dipstick is by interpreting 
a positive result as a tool to support the diagnosis of UTI 
(rule-in strategy) and as an indication to start antibiotic 
treatment. Physicians need to have clear guidance on the 
interpretation of test results in their own clinical setting to 
make them feel comfortable to use the less frequent rule-out 
strategy. The rule-out strategy is used in a variety of other 
clinical settings, including the use of faecal calprotectin in 
the screening for organic bowel disease in the primary care 
setting14 and the use of D-dimer in the diagnosis of deep 
venous thrombosis in the emergency department.15

Interventions to reduce antibiotic prescription, 
including the use of point-of-care tests, have been proven 
effective in hospital patients in a recently updated 
Cochrane review.16 Such strategies should also work in the 
outpatient setting when implemented correctly. However, 
clinical practice might be hard to change as described by 

a study from the Thai–Myanmar border, in which anti-
biotic prescriptions were compared with the results of a 
urine dipstick test and urine microscopy. Despite proper 
guidance on using the dipstick test result in a rule-out 
strategy for UTI, over 50% of participants with UTI-asso-
ciated symptoms but with a negative dipstick result were 
prescribed antibiotics.17

strengths and weaknesses
The strength of the study is its population-based setting. 
The two selected health facilities represent typical clin-
ical conduct in Indonesian outpatient clinics. As such, 
the results have external validity. The main limitation of 
the study is its restriction to just two purposively chosen 
health facilities. Generalisation to other settings might 
be difficult, especially to the urology outpatient setting, 
where UTI-associated symptoms might be a result of a 
very different underlying disease pattern. Although a 
prospective study, the implementation was dictated by 
the duration of the initial study in the selected health 
facilities. Despite a considerable number of participants, 
the number of positive reference tests (urine culture) 
is limited, especially with a definition for positivity that 
requires a larger concentration of cfus. This resulted in 
rather wide CIs around the accuracy estimates.

Most Gram-positive micro-organisms will not cause a 
nitrite reaction in the dipstick test, although the leuco-
cyte esterase reaction can still be positive. A history of 
UTI caused by a Gram-positive organism would necessi-
tate a culture in further clinical management, regardless 
of any dipstick test result. The same holds true for preg-
nant women with asymptomatic bacteriuria, who need a 
culture for adequate identification of recommended anti-
microbial treatment. This latter group was not part of our 
study, which was restricted to patients with UTI-associated 
symptoms.

COnClusIOn
In a setting with a high prevalence of AMR in uropatho-
gens, when there are limited opportunities left for empir-
ical antibiotic treatment, the use of a urine dipstick test in 
a rule-out strategy can reduce the need for urine culture 
and avoid the prescription of (ineffective) antibiotics.
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