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Background: Urinary tract infections (UTIs) bring a significant and serious health-related problem. Repeated infections may lead to
the development of renal scarring and end-stage renal dysfunction. Therefore, balancing the choices of UTI diagnostic tools depending
on the costs versus accuracy can minimize false results that may subject patients to wrong treatments.

Objective: The objective of the study was to evaluate the diagnostic performance of LINEAR cromatest and Laboquick URS 10-T
dipsticks against conventional urine culture at Arsho Advanced Medical Laboratory (AAML), Addis Ababa, Ethiopia.

Methods: A similar cohort of UTI-suspected patients from our previous study, who were prospectively enrolled from Arsho
Advanced Medical Laboratory, Addis Ababa, Ethiopia, were considered for this analysis. Data analysis was performed using SPSS
version 26. The sensitivity, specificity, and predictive value of different dipsticks were calculated using culture as a gold standard.
ROC curve analysis was also used to determine diagnostic performance. A test with a P-value of <0.05 was considered statistically
significant.

Results: Out of 446 urine samples processed, bacterial growth was observed in 141 (31.6%). Of this figure, 105/141 (74.5%) and 36/
141 (25.5%) were from female and male participants, respectively. The sensitivity and specificity of the LINEAR Cromatest dipstick
were 83.7% and 67.9%, respectively (P-value <0.001). The Laboquick URS 10-T dipstick showed sensitivity and specificity of 87.9%
and 68.5%, respectively (P-value <0.001). The ROC analysis showed an AUC of >0.7 for both dipsticks.

Conclusion: In a setting where there is no access to urine culture, the urine dipstick may be considered an alternative diagnostic tool
in the diagnosis of UTIs.
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Introduction
Urinary tract infection (UTI) is an infection of the urinary tract system involving the kidney, bladder, ureter, and urethra.'
It has been shown that UTIs lead to serious public health concerns in different resource-poor settings, affecting people of
all ages; females are reported to be at higher risk.>™

In resource-poor countries like Ethiopia, the diagnosis of UTIs primarily relies on the evaluation of clinical signs and
symptoms, which often, upon generation of relevant clinical evidence, are further referred for more reliable bacteriolo-

gical confirmation, such as culture for the etiological agent.”>~’
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When dictating the diagnosis of UTI using urine culture, some issues, such as the fact that it is time-consuming, there
is limited availability of the necessary infrastructure, and it is expensive, have been raised as concerns.>® In another
instance, such limitations seem to be alleviated with the advent of urine dipstick tests, despite their inherent drawbacks
such as low accuracy and non-specificity, which hinders their potential applicability in clinical use and make them
unsuitable for treatment decisions.®’ However, besides the indicated limitation of the urine dipstick test, a positive result
generated by the dipstick is that it provides generalized evidence of the presence of a UTI. A negative result, in contrast,
needs further urine culture confirmation before ruling out a UTL'”

On the positive side, the urine dipstick test is a user-friendly method to perform, is easier to interpret, has a short turn-
around time, and has the potential of being applicable on a larger scale in different health settings.'®'*> An effort
to establish an effective laboratory diagnosis, such as that of a urine dipstick, could provide great benefits, such as a rapid
and inexpensive test that allows the practitioner to plan targeted, more effective therapy and indirectly reduce unneces-
sary time wastage and expense.” However, there is a paucity of data in our setting narrating the diagnostic effectiveness
of such diagnostic tools. Therefore, this study aimed to evaluate the diagnostic performance of the Combiscreen and
Laboquick dipsticks among urinary tract infection suspected in Addis Ababa, Ethiopia, with culture as the gold standard.

Materials and Methods
Study Setting

A similar cohort of UTI suspected patients, who were prospectively enrolled'®> from Arsho Advanced Medical
Laboratory, Addis Ababa, Ethiopia, were considered for this analysis. Arsho Advanced Medical Laboratory has been
providing routine and advanced laboratory diagnostic services for the entire city and for other referral cases from
different regional states of Ethiopia. The sample size calculations were performed to calculate the prevalence rate based
on the following assumptions. The value of the constant proportion was set conservatively at 12%'# for the prevalence
rate of UTIs in Ethiopia, an alpha, type 1 error, balanced on each side, set to 5%, and a statistical power of 80%. The
minimum required sample size satisfying the indicated assumptions was 425 from a calculation done using the G*Power
3.1.9.7 software.'> All UTI suspected patients who were willing to participate in this study were included and patients
with a history of drug treatment within the past 2 weeks before starting this study were excluded from it. Patients were
asked to consent to participation after a brief explanation, then a structured data collection format was used to collect
baseline data that included information about socio-demographic characteristics and patients’ medical records using
trained interviewers. Informed consent from parents/guardians was obtained for the participants under the age of 18. Data
was entered and statistically analyzed using SPSS version 26.0 software. The sensitivity (SN), specificity (SP), and
predictive value of different dipsticks were calculated using culture as a gold standard. A test with a P-value of <0.05 was
considered statistically significant. The study was conducted after receiving ethical approval, which complies with the
Declaration of Helsinki, from the Department of Research and Ethical Review Committee (DRERC) of the Department
of Medical Laboratory Sciences, College of Health Sciences, Addis Ababa, Ethiopia. Informed written consent
was obtained from participants before data collection.

Sample Collection

To reduce the risk of contamination, participants were instructed to clean their hands and genital area, respectively, before
collection of the clean catch mid-stream urine samples. The samples were collected using a sterile, wide-mouthed urine
cup and processed in the laboratory within 2 hours of collection. Specimens that were not processed within 2 hours were
kept in the refrigerator at 4°C until being processed.

Sample Processing for ldentification Using Urine Culture and Urine Dipstick Test

The appropriate urine samples collected from each patient were inoculated onto blood agar base (Oxoid, Basingstoke,
Hampshire, UK) to which 10% sheep blood and MacConkey agar (Oxoid, Basingstoke, Hampshire, UK) were added
using a calibrated loop 10puL. Following incubation at 37°C for 18-24 hours aerobically and in an atmosphere containing
5-7% CO, for 48 hours, the number of colonies was counted and a bacterial growth of >10° cfu/mL in urine was
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considered significant for bacteriuria. Pure isolates of the bacterial pathogen were preliminarily characterized by colony
morphology, gram stain, and biochemical tests. Above all, preparation and performance evaluation of culture media was
performed as per manufacturers’ instructions. At the same time, urine samples from all participants were tested within 10
minutes using two dipsticks, LINEAR Cromatest (Barcelona, Spain) and LABOQUICK URS-10T (Bornova Izmir,
Turkey). Reagent strips were used for all specimens in accordance with manufacturers’ instructions. Urine dipstick
bottles were stored at room temperature and expiration dates were also checked before use. Urine dipstick test results
were interpreted according to manufacturers’ instructions.

Results

Socio-Demographic Characteristics

A total of 446 UTI suspected patients who were willing to take part in this study and who hadmet the inclusion criteria
were enrolled. There were more female than male participants and ages ranged between 20—69 years, accounting for 293/
446 (65.7%) and 336/446 (75.3%), respectively. Patients ranged in age from 10 months to 90 years, with a mean of 43.39
years and a standard deviation of + 21.68 years.

Prevalence of UTI and Bacterial Isolates in Urine Culture

The prevalence of UTIs was 141/446 (31.6%) in accordance with the conventional culture method. The lowest prevalence of
significant bacterial growth in urine culture was shown in the infant and baby age group, 0-2 years; for those aged 20-29, it
was 27/141 (19.14%); and for those aged 30-39, it was 30/141 (21.27%). A higher rate of prevalence of UTIs was observed
in females, who accounted for 105/141 (74.5%), compared to men, 36/141 (25.5%); see Table 1.

Table | Prevalence of UTI Distribution Corresponding to Age Group and Gender in the Study
Participants at Arsho Advanced Medical Laboratory from March 08 to May 20, 2021

Significant Bacterial Growth Using Culture Media Total
No Growth Significant Bacterial Growth
Number % Number %
Age Categories | 0-2 years 5 1.60% 4 2.80% 9 2.00%
3—12 years 24 7.90% 7 5.00% 31 7.00%
13-19 years 4 1.30% 5 3.50% 9 2.00%
20-29 years 48 15.70% 27 19.10% 75 16.80%
30-39 years 69 22.60% 30 21.30% 99 22.20%
4049 years 42 13.80% 16 11.30% 58 13.00%
50-59 years 36 11.80% 6 4.30% 42 9.40%
60-69 years 44 14.40% 18 12.80% 62 13.90%
70-79 years 21 6.90% 14 9.90% 35 7.80%
280 years 12 3.90% 14 9.90% 26 5.80%
Total 305 100.00% 141 100.00% 446 100.00%
Gender Female 188 64.20% 105 35.60% 293 100.00%
Male 117 76.50% 36 23.50% 153 100.00%
Total 305 68.4 141 31.60% 446 100.00%
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Detection Rate of the Two Urine Dipstick Tests

Of the 446 urine samples tested, according to the LINEAR Cromatest dipstick test 216/446 (48.4%) UTIs were identified.
The individual parameters included in the LINEAR Cromatest dipstick results were 153/446 (34.3%), 79/446 (17.7%),
and 84/446 (18.8%) leukocyte esterases, nitrites, and blood, respectively. On the other hand, UTI cases detected by
Laboquick URS-10T dipstick accounted for 220/466 (49.3%). The individual parameters of the Laboquick URS-10T
dipstick were reported as 177/446 (39.7%), 52/466 (11.7%), and 82/446 (18.4%) for leukocytes, nitrites, and blood,

respectively, as shown in Table 2.

Table 2 Diagnostic Performance of PPV and NPV for LINEAR Cromatest and Laboquick URS-10T
Dipsticks Relative to Conventional Method of Urine Culture at Arsho Advanced Medical Laboratory

from March 08 to May 20, 2021

Methods Urine Culture Total P-value
Result Growth No Growth
Total By LINEAR Cromatest dipstick Positive 118 (83.7%) | 98 (32.1%) 216 <0.001
Negative 23 (16.3%) | 207 (67.9%) 230
Total 141 305 446
Leukocyte esterase Positive 109 (77.3%) 44 (14.4%) 153 <0.001
Negative 32 (22.7%) | 26l (85.6%) 293
Total 141 305 446
Nitrite Positive 43 (30.5%) 36 (11.8%) 79 <0.001
Negative 98 (69.5%) | 269 (88.2%) 367
Total 141 305 446
Blood Positive 45 (31.9%) 39 (12.8%) 84 <0.001
Negative 96 (68.1%) 266 (87.2%) 362
Total 141 305 446
Total By Laboquick URS-10T dipstick Positive 124 (87.9%) 96 (31.5%) 220 <0.001
Negative 17 (12.1%) 209 (68.5%) 226
Total 141 305 446
Leukocyte esterase Positive 119 (84.4%) 58 (19.0%) 177 <0.001
Negative 22 (15.6%) | 247 (81.0%) 269
Total 141 305 446
Nitrite Positive 31 (22.0%) 21 (6.9%) 52 <0.001
Negative 110 (78.0%) | 284 (93.1%) 394
Total 141 305 446
Blood Positive 43 (30.5%) 39 (12.8%) 82 <0.001
Negative 98 (69.5%) | 266 (87.2%) 364
Total 141 305 446
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Diagnostic Performance of Rapid Urine Dipstick Using Area Under the Curve (AUC)
The AUCs shown on receiver operating characteristic (ROC) curve analysis were 0.782 and 0.758 for Laboquick URS-
10T dipstick and LINEARCromatest dipstick, respectively. ROC analysis for each individual parameter revealed
different test results: poor diagnostic performance was shown for blood and nitrite parameters when used alone to
determine UTI cases (AUC <0.7) for both Laboquick and LINEAR Cromatest dipsticks; however, leukocyte esterase was
determined to be a good diagnostic predictor (AUC >0.8) for both Laboquick and Combi dipsticks, showing AUC values
of 0.827 and 0.814, respectively. See Table 3 and Figure 1.

Diagnostic Performance of the Two Urinary Dipsticks with Culture as Gold Standard
Taking the culture results as a gold standard, the sensitivity and specificity of the LINEAR Cromatest dipstick were
83.7% and 67.9%, and the positive predictive value (PPV) and negative predictive value (NPV) were 54.6% and 90.0%,
respectively. Similarly, the SN and SP values for leukocyte esterase (LE) were 77.3% and 85.6%, nitrite (NIT) were
30.5% and 88.2%, respectively, and for blood were 31.9% and 87.2%, respectively. On the contrary, the sensitivity and
specificity values of the Laboquick URS-10T dipstick were 87.9% and 68.5%, with a PPV and an NPV of 56.4% and
92.5%, respectively. See Table 4.

Discussion
This study was conducted to determine the diagnostic performance of UTIs using conventional and rapid diagnostic
methods to identify the prevalence of bacterial agents involved in UTIs. To evaluate the magnitude of the drug
susceptibility profile of bacterial uropathogens, 446 participants clinically suspected of having UTIs were enrolled,
and revealed the following results: a prevalence rate for significant bacterial growth in culture media in urine samples of
141/446 (31.6%, 95% confidence interval, 27.3-36.2); and more female (105/293, 35.8%) than male (39/153, 23.5%)
participants. Participants were aged between 10 months and 90 years. The prevalence of UTIs in the current study was
reasonably in agreement with thosereported in Uganda (32.2%),'® South-Western Uganda (35%),'” and India (45.32%)"®
but higher compared to Libya (13.9%)," North India (17.0%),?° and Ethiopia, particularly in Yekatit 12 Medical College
Hospital (15.9%)*' . On the contrary, the prevalence rate of UTIs in this study was much lower than those reported in
Shashemene, Ethiopia (90.1%)** and India, Madhya Pradesh (65.5%).%

In this study, the SN, SP, PPV, and NPV of LINEAR Cromatest and Laboquick URS 10-10 dipsticks for leukocyte
esterase, nitrite, and blood, individual parameters and in combination, were assessed. The current study contradicted

Table 3 Diagnostic Accuracy and Performance of linear Cromatest and Laboquick URS-10T
Dipsticks Through Calculating AUC at Arsho Advanced Medical Laboratory from March to May 20, 2021

Area Under the Curve
Test Result Variable(s) Area SE o (Significant Level) | Asymptotic 95% Confidence
Interval
Lower Bound | Upper Bound
AUC by CombiDipstick 0.758 0.024 0 0.71 0.805
Leukocyte 0.814 0.024 0 0.768 0.861
Blood 0.596 0.03 0.001 0.537 0.654
Nitrite 0.593 0.03 0.001 0.535 0.652
AUC by Laboquick Dipstick | 0.782 0.023 0 0.738 0.827
Leukocyte 0.827 0.022 0 0.784 0.87
Blood 0.589 0.03 0.003 0.53 0.647
Nitrite 0.576 0.03 0.01 0.516 0.635
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Figure | ROC curve for LINEAR Cromatest and Laboquick URS- 10T dipstick diagnosis with urine culture as gold standard at Arsho Advanced Medical Laboratory from
March to May 20, 2021.

a finding at National Hospital, Tanzania'? revealing urine dipstick results of 56% SN and 85% SP and 91% PPV and 42%
NPV. We reported better sensitivity through the utilization of leukocyte esterase, nitrites and blood used in combination
with both LINEAR Cromatest and Laboquick URS 1010 dipsticks, a finding supported by a study in Turkey’ whereby
a combination of leukocyte esterase, nitrite, and blood significantly improved the SN value from 65% to 80%. On the
contrary, SP decreased from 64% to 60% due to increased false-positive results. Moreover, a study in India® found that
blood parameter showed the highest sensitivity for the single test, which contradicted the current study, which found that
leukocyte esterase was the only parameter that achieved the highest sensitivity value for both dipsticks; better sensitivity
was achieved when nitrite, leukocyte, and blood were considered together, increasing sensitivity to 74.02% compared to
the individual sensitivity values of nitrite, leukocyte esterase, and blood of 23.31%, 48.5%, and 63.94%, respectively.
This study contradicted the results of a study conducted in 2017 in the Department of Pediatrics, Father Mullers Medical
College and Hospital, Mangalore, Karnataka, India that found a highly significant P-value (0.000001) for the urine

dipstick test for nitrite alone compared to leukocyte esterase alone with a P-value of 0.06, which is not significant when

Table 4 Diagnostic Performance of LINEAR Cromatest and Laboquick URS 10-T Dipsticks with Culture as Gold

Standard
Sensitivity | Specificity | Positive Negative P-value
Predictive Value | Predictive Value
Total by LINEAR Cromatest dipstick 83.70% 67.90% 54.60% 90.00% <0.001
Leukocyte esterase 77.30% 85.60% 71.20% 89.10% <0.001
Nitrite 30.50% 88.20% 54.40% 73.30% <0.001
Blood 31.90% 87.20% 53.60% 73.50% <0.001
Total by Labquick URS 10-TdDipstick 87.90% 68.50% 56.40% 92.50% <0.001
Leukocyte esterase 84.40% 81.00% 67.20% 91.80% <0.001
Nitrite 22.00% 93.10% 59.60% 72.10% <0.001
Blood 30.50% 87.20% 52.40% 73.10% <0.001
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compared to urine culture in the diagnosis of UTI. However, the diagnostic advantage of the urine dipstick method for
diagnosing UTIs using both LE and NIT together has a significant P-value of 0.018, which can permit its use as
a screening test for ruling out (or in) UTIs,** which agreed with the current study.

In Ethiopia many health care set-ups utilize rapid dipstick analysis using leukocyte esterase, nitrites, and blood for
screening purposes of UTI, but different studies revealed the poor SN and PPV of rapid dipstick tests to detect
UTIs.>'%1%222¢ In this study, nitrite and blood dipstick found low SN and PPV that resulted in poor detection of culture-
positive bacteriuria cases. Similarly, a study conducted in 2015 at the PSG Institute of Medical Sciences and Research,
Coimbatore, Tamil Nadu, India showed that dipstick analysis in outpatient settings and primary health centers for first-
level screening always needs to be correlated with a clinical presentation because the assay is not reliable for considering
and predicting a definitive diagnosis of UTL. It thus recommends performing urine culture or, alternatively, increasing the
sensitivity of blood, nitrite, and LE tests by using them in combination.” Leukocyte esterase was not specific for
bacteriuria, which is vulnerable to a high false-positive result if other inflammatory conditions exist, even if it
persists after bacteriuria had cleared, which means the presence of leukocyte esterase in urine is not always correlated
with bacteriuria and pyuria. In contrast, the low sensitivity of nitrite results in a false-negative outcome because the
nitrite test depends on the formation or reduction of nitrate by enteric bacteria, most commonly by the genus of the
Enterobacteriaceae family, which is highly specific and indicative of bacteriuria. As well as Enterobacteriaceae not
reducing nitrate to nitrite, false-negative results may occur if urine stays for an insufficient time in the bladder, which
means that the bacterial agent does not change the nitrate into nitrite; if urine remains in the bladder for a protracted time,
in contrast, this results in a reduction of nitrates beyond the nitrite stage, something that also happens if dietary nitrite is
absent in the body.'”

Deviating from this study, a study conducted in South-Western Uganda'’ found that Klebsiella pneumoniae is the
most common isolate (37.41%). Similarly, unlike in the current study, K. pneumoniae has been recorded as the most
common isolate in Asia, specifically Madhya Pradesh, India.**

Despite the limitations of a rapid dipstick test for diagnosing UTIs, it is used as a preliminary diagnostic tool before
beginning empirical treatment, which makes it beneficial in health settings lacking trained personnel or ill-equipped for
processing urine cultures. The rapid dipstick test will reduce the unnecessary use of broad spectrum antibiotics and,
therefore, decrease and fight the excessive use of antibiotics.”” Rapid screening tests contribute to the diagnosis of
UTIs by providing information in a timely manner for early initiation of antibiotic therapy to halt further complications,
and encourage the screening of many populations, including those in the symptomless stage, such as elderly people. It is

a cost-efficient technique.?**®

Conclusion

From the findings in our study, we concluded that, in a resource-poor setting, employing urine dipsticks as an alternative
preliminary diagnostic tool could benefit healthcare providers before the provision of empirical treatments. Patients, on
the other hand, could benefit from the provision of urinary dipsticks in the light of economy and obtaining early
diagnosis. However, a urinary dipstick test suffers from relatively lower specificity, which may result in low accuracy,
therefore culture confirmation should better be provided whenever possible for more accurate and confirmatory
outcomes.
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