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Leukocyte esterase test (LET) detection is a simple and inexpensive test performed by urinalysis. This study investigated the predictive value of LET for Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) infection among men attending HIV and sexually transmitted infection (HIV/STI) clinics in Guangdong Province, China. A total of 5,509 urine samples were collected from HIV and sexually transmitted infection clinics in Guangdong Province between 2017 and 2019. Specimens from 5,464 males were tested by both LET and nucleic acid amplification test (NAAT). Of 5,464 males, 497 (9.1%) tested positive for CT or NG by NAAT, with respective prevalence rates of 6.4% (95% confidence interval [95% CI]: 5.8–7.1%) and 3.8% (95% CI: 3.3–4.3%), including 1.2% (95% CI: 0.9–1.4%) co-infected. Compared to the HIV-negative individuals, individuals living with HIV tend to have a higher prevalence of CT, NG and co-infection with CT and NG. The LET sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) for CT were 46.4% (95% CI: 41.2–51.7%), 92.0% (95% CI: 91.2–92.7%), 28.4% (95% CI: 24.8–32.1%), and 96.1% (95% CI: 95.6–96.7%), respectively. The LET sensitivity, specificity, PPV, and NPV for NG were 68.4% (95% CI: 62.1–74.7%), 91.8% (95% CI: 91.1–92.6%), 25.0% (95% CI: 21.4–28.5%), and 98.7% (95% CI: 98.3–99%), respectively. Compared to the HIV-negative individuals, higher sensitivity and specificity were observed for HIV-positive individuals, but there was no statistical difference. The incremental cost-effectiveness ratio (ICER) using economic costs per additional person CT positive and NG positive was –$238.74 and –$145.60 compared with LET positive, respectively. LET is a cost-effective test and will be valuable for predicting CT and NG infection, which is highly prevalent in low- and middle-income countries.
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INTRODUCTION

Chlamydia trachomatis (CT) and Neisseria gonorrhoeae (NG) are the two most prevalent bacterial sexually transmitted infections (1). An estimated 376 million people globally are newly infected with STIs each year, including 127 million newly infected with CT and 87 million with NG, and this number continues to increase yearly (2). Undetected infections that go untreated can have serious complications including pelvic inflammatory disease, infertility, epididymitis, male infertility, and the further transmission of the infections (3, 4). Moreover, sexually transmitted infections (STIs) such as CT and NG infection might facilitate HIV-1 transmission, either directly through their effect on viral replication or indirectly through stimulating leukocyte activity and causing HIV shedding and/or disruption of the mucosal barrier (5, 6). Therefore, the detection of CT and NG in people with HIV is a priority because of the potential for these infections to enhance HIV transmission (7, 8).

CT and NG infections can be verified using multiple methods including microscopy, culture, enzyme immunoassay (EIA), direct fluorescent antibody (DFA) test, and nucleic acid amplification test (NAAT), which have been developed for screening and diagnosis (9). The NAAT is the most sensitive and specific assay for detecting CT and NG infections. As a non-invasive specimen, urine is considered an acceptable and recommended sampling strategy for men. NAAT has been used for CT or NG screening using urine sample in developed countries (10). However, urine samples have not been commonly used for CT and NG detection in developing countries and remote settings due to laboratory requirements and the high cost (11), which have limited its scaling-up in low- and middle-income countries.

The leukocyte esterase test (LET) is an essential component of routine urine tests. This non-specific, rapid dipstick assay is used to detect the presence of an esterase enzyme produced by polymorphonuclear leukocytes (white blood cells) in urine. The urine test is an indispensable preliminary examination performed during the diagnosis of many diseases (12, 13). Leukocyte esterase detection during a routine urine examination is considered to be moderately sensitive and specific for detecting the presence of urinary tract infections (14), and the LET can also be used to screen for CT and NG infection (15, 16).

Previous studies reported LET sensitivity ranging from 45 to 100% for the detection of urogenital CT infections in men, with specificity ranging from 78% to 96% (16, 17). Compared with the NAAT results for NG and CT detection, LET alone showed sensitivities of 66.7% and 60% and specificities of 90.7% and 94.7%, respectively, among Central Australian Aboriginal individuals (18). The variety of outcomes can be explained by differences in settings, patient groups, experimental test thresholds, and reference tests. However, no study has evaluated LET performance for CT and NG testing in the Chinese context. To fill this gap, the aims of our study were to investigate the prevalence of CT and NG infections among men attending HIV/sexually transmitted infection clinics in Guangdong Province of China from 2017 to 2019 and to evaluate the diagnostic performance of the LET for detecting urogenital CT and NG infections.



MATERIALS AND METHODS


Study Sites and Patients

This study was conducted retrospectively on routinely collected data gathered from four geographic areas of Guangdong Province, which included the Pearl River Delta and the western, northern, and eastern regions of the province. The participants were men attending HIV/sexually transmitted infection clinics from a governmental sentinel surveillance network comprising 10 HIV/STI clinics in 10 cities in Guangdong Province: Maoming, Jiangmen, Foshan, Dongguan, Shaoguan, Zhanjiang, Shantou, Qingyuan, Zhuhai, and Chaozhou. Dongguan, Foshan, Zhuhai and Jiangmen located in the pearl river area which was more developed area. Eastern region (Shantou, Chaozhou), Western region (Maoming, Zhanjiang) and Northern region (Shaoguan, Qingyuan) are the underdeveloped regions in Guangdong Province, the economic level is far behind the Pearl River Delta region. A serial cross-sectional survey was routinely conducted in these sites among males ≥14 years old attending HIV/STI clinics between April and June each year. After providing verbal informed consent, those who agreed to participate in the study were referred to complete a questionnaire including demographic, behavioral, and clinical information with the help of a research assistant. Urine samples were collected from all eligible participants for subsequent testing. The protocol and questionnaire had been approved by the ethics committee of the Dermatology Hospital of Southern Medical University.



Sample Size

The primary outcome of this study was the sensitivity of CT and NG diagnosis. We assume that the sensitivity of CT and NG diagnosis can both reach 80%. According to previous studies, the prevalence of CT and NG among males attending HIV/STI clinics in Guangdong Province was 8.6% (19) and 2.7% (20), respectively. We applied Two-sided Confidence Intervals (CI) for One Sensitivity method to estimate a sample size of 1,407 for CT and 4,482 for NG to produce a two-sided 95% CI and a width of 0.15 using PASS15.0. In order to ensure the power of the study, we should include at least 4,482 participants.



Specimen Handling

Sample collection occurred between 2017 and 2019. All male patients were asked to provide a 20–30 mL midstream urine sample that was divided into two portions: one was tested immediately by LET (ARKRAY, Shiga, Japan) at local clinics, and the other was sent to the Dermatology Hospital of Southern Medical University, where NAAT was performed to detect CT and NG. Urine samples were transported under appropriate temperature control conditions to the study laboratory for processing and testing. Samples for NAAT were stored at 4°C until processing.



Urine LET

LET was performed during routine urinalysis at local clinics. Specimens were subjected to LET using the dry chemical method. Either a positive or negative result was reported for every specimen. The level of enzymatic activity was classified as 0, 1+, 2+, or 3+, as indicated by the manufacturer's colorimetric chart. The clinic guidelines considered a urine sample to be LET positive if the enzymatic activity was 1+, 2+, or 3+. The cost for each LET was approximately $1.30.



Detection of CT and NG

DNA in male urine samples was extracted and detected for CT and NG using the Roche cobas® 4800 CT/NG (Roche Diagnostics, Mannheim, Germany). The cobas 4800 system is a diagnostic assay that uses an automated workstation to isolate nucleic acids from clinical specimens and includes a real-time instrument for the detection of CT and NG. Experiments were performed according to the manufacturer's instructions. The cost for each test of CT or NG was approximately $11.00.



Statistical Analyses

Data were analyzed using SPSS Version 22 (IBM Corp., Armonk, NY, USA). Categorical parameters are presented as the number (percentage) of patients. The Chi-square test was used to compare the prevalence of CT, NG and coinfection among different characteristics. The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), with 95% confidence intervals (95% CIs), were calculated for LET, as compared to the testing results of NAAT. We estimated the total unit and incremental unit cost for each method. For all analyses performed in this study, the results were considered significant at P < 0.05.




RESULTS


Study Population

Overall, 5,509 urine samples were collected from men attending HIV/STI clinics between April and July from 2017 to 2019 in 10 cities of Guangdong Province, China. Of these, 5,464 urine samples had valid NAAT and LET results (Table 1). The median age of participants was 37 years (range: 14–87 years). The HIV prevalence was 0.7% (37/5,464, 95% CI:0.5–0.9%). The majority of participants were less than 35 years old (44.5%, 2,434/5,464) and from the Pearl River Delta (41.9%, 2,292/5,464).


Table 1. Characteristics of the study population and prevalence of Chlamydia and Gonorrhoeae infections in Guangdong, China, 2017–2019 (N = 5,464).
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Prevalence of CT and NG Infections

Of 5,464 males, the prevalence of CT and NG were 6.4% (95% CI: 5.8–7.1%) and 3.8% (95% CI: 3.3–4.3%), respectively. 63 (1.2%, 95% CI: 0.9–1.4%) participants were co-infected. The annual CT prevalence were 7.1%, 5.7%, and 6.7% and the annual NG prevalence were 3.6%, 4.0%, and 3.8% from 2017 to 2019, respectively.

Among different age groups, the CT prevalence ranged from 8.3%(6.4–10.2%) (age ≤ 25 years) to 1.9%(0.4–3.4%) (age >65 years). A significant difference in age was observed for the CT infection rate (P < 0.001). Of the 209 NG-positive males, 34 (16.3%) were ≤ 25 years and had an NG positivity of 4.2% (95% CI: 2.8–5.5%). However, unlike CT prevalence, NG prevalence was not significantly associated with age (P = 0.289). Also, no significant difference in CT prevalence was observed according to geographic distribution (P = 0.746). However, the highest prevalence (4.7%) of NG infections was observed in the northern region, which was significantly higher than that in the Pearl River Delta region (2.9%, P = 0.01).

Among the 37 individuals living with HIV, the prevalence rate of CT was 10.8%, while the prevalence rate of NG was 5.4% and the prevalence rate of co-infection with CT and NG was 5.4%. Compared to the HIV-negative individuals, individuals living with HIV had a higher prevalence of CT, NG and co-infection with CT and NG, although only co-infection was statistically significant (P = 0.015).



LET-Positive Urine Samples

Of 5,464 males, a total of 573 (10.5%) specimens showed a positive LET result. The positive rates of CT and NG in the LET-positive population were 28.4% and 25.0%, respectively. Fifty-two (9.1%) participants were NG and CT co-infected (Table 2).


Table 2. Characteristics of LET-positive patients in Guangdong, China, 2017–2019 (N = 5,464).
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Diagnostic Performance of LET to Predict CT Infection

Among 573 LET-positive specimens, 163 had positive CT results. LET showed a sensitivity of 46.4% (95% CI: 41.2–51.7%), specificity of 92.0% (95% CI: 91.2–92.7%), PPV of 28.4% (95% CI: 24.8–32.1%), and NPV of 96.1% (95% CI: 95.6–96.7%) (Table 3). The LET 3+ result had a comparable specificity of 98.7% (χ2 = 106.871, P < 0.001), but the sensitivity was only 11.1% (95% CI: 7.8–14.4%), which was significantly lower than that for all LET-positive patients (χ2= 254.688, P < 0.001) (Table 3).


Table 3. Diagnostic performance of LET to predict Chlamydia infection.
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Among 573 LET-positive specimens, there were four specimens in the HIV-positive group and 569 in the HIV-negative group. Among HIV-positive individuals, LET showed a sensitivity of 50.0% (95% CI: 1.0–99.0%) and a specificity of 93.9% (95% CI: 85.5–102.1%). Among HIV-negative individuals, LET showed a sensitivity of 46.4% (95% CI: 41.2–51.6%) and a specificity of 92.0% (95% CI: 91.2–92.7%). Compared to the HIV-negative individuals, higher sensitivity and specificity were observed for HIV-positive individuals, but there was no statistical difference (P = 0.886 and P = 0.678) (Table 3).



Diagnostic Performance of LET to Predict NG Infection

Among 573 LET-positive specimens, 143 had a positive result for NG. LET showed a sensitivity of 68.4% (95% CI: 62.1–74.7%), specificity of 91.8% (95% CI: 91.1–92.6%), PPV of 25.0% (95% CI: 21.4–28.5%), and NPV of 98.7% (95% CI: 98.3–99.0%) (Table 4). The LET 3+ result had a comparable specificity of 99.0% (95% CI: 98.7–99.3%, P < 0.001), but the sensitivity of 26.8% (95% CI: 20.8–32.8%) was significantly lower than that for all LET-positive patients (P < 0.001) (Table 4).


Table 4. Diagnostic performance of LET to predict Gonorrhoeae infection.
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LET showed a sensitivity of 100.0% (95% CI: 100.0–100.0%), specificity of 94.3% (95% CI: 86.6–102.0%), PPV of 50.0% (95% CI: 1.0–99.0%), and NPV of 100.0% (95% CI: 100.0–100.0%) among HIV-positive individuals. Although there was no significant statistical difference, higher sensitivity (P = 0.334) and specificity (P = 0.593) were found in HIV-positive individuals in terms of PPV(P = 0.245) and NPV(P = 0.500) when compared to HIV-negative individuals (Table 4).



Diagnostic Performance of LET to Predict CT and NG Infection

Among 573 LET-positive specimens, 254 were positive for either CT or NG. The total LET-positive outcome showed that the sensitivity, specificity, PPV, and NPV were 51.1% (95% CI: 46.7–55.5%), 93.6% (95% CI: 92.9–94.3%), 44.3% (95% CI: 40.3–48.4%), and 95.0% (95% CI: 94.4–95.6%), respectively (Table 5). The LET 3+ result had a comparable specificity of 99.3% (95% CI: 99.1–99.5%; χ2 = 236.261, P < 0.001), but the sensitivity of 14.7% (95% CI: 11.6–17.8%) was significantly lower than that for all LET-positive patients (χ2 = 149.303, P < 0.001). LET showed a sensitivity of 50.0% (95% CI: 1.0–99.0%), specificity of 93.9% (95% CI: 85.5–102.1%), PPV of 50.0% (95% CI: 1.0–99.0%), and NPV of 93.9% (95% CI: 85.5–102.1%) among HIV-positive individuals (Table 5).


Table 5. Diagnostic performance of LET to predict Chlamydia or Gonorrhoeae infection.
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Cost-Effective Evaluation

The total health provider economic cost (including start-up, test kits, staff time, overheads) for CT, NG and LET was $60,104, $60,104, and $7,103.2, respectively. The positive numbers for CT, NG and LET were 351, 209 and 573, respectively. The ICER using economic costs per additional person CT positive and NG positive was –$238.74 and –$145.60 compared with LET positive, respectively.




DISCUSSION

This study expanded the literature by evaluating the predictive value of LET for CT and NG infection. Our results demonstrate that LET has a high NPV for CT and NG infection under a comparatively high prevalence of CT and NG infection in Guangdong Province, China. Moreover, LET is a cost-effective test that can be used as a prescreening method for CT and NG infection.

In this study, we found comparatively high prevalence rates of CT and NG among males attending HIV/STI clinics in Guangdong Province at 6.4% and 3.8%, respectively. The prevalence of CT in our study is comparable to that of CT infection among men attending sexually transmitted infection clinics in Paris (5.7%) and US CDC (21, 22). Our findings were also in line with those of other studies conducted in China (23, 24). However, the prevalence of CT and NG in our study is lower compared to those described in western French Guiana and Brazil (25, 26). Prevalence rates may vary widely due to the characteristics of different study samples, including the age of the population, access to basic health services, levels of risky sexual behavior, and cultural traditions. A systematic literature review also found that social conditions, lack of economic opportunities, and risky sexual behavior are all closely associated with the incidence of STIs (27).

Our results showed that LET might have a comparable predictive value for CT and NG infection. Although LET showed moderate sensitivities of 46.4% and 68.4% for CT and NG, respectively, it had high specificity values of 92.0% and 91.8% and NPVs of 96.1% and 98.7%. This finding is in agreement with the results reported for the Central Australian Aboriginal population, which reported sensitivities of 60.0% and 66.7% and specificities of 94.7% and 90.7% compared with NAAT results for CT and NG detection, respectively (18). CT and NG can be accurately excluded if the LET result is negative. Therefore, LET would be valuable for predicting CT or NG infection in remote sites and clinics without NAAT. Though NAAT is the most sensitive test for CT and NG detection, it requires equipment and professional personnel to perform standardized specimen handling and the high cost of NAAT can also be an obstacle for implementation in low- and middle-income countries. Thus, the LET test as a simple and inexpensive method could be integrated into the standard of care for men attending HIV/STI clinics as prevention to inform clinical decisions for further evaluation and treatment of genital tract inflammation.

Besides, Seth C. Kalichman reported that 10% of sexually active men living with HIV who were currently receiving antiretroviral therapy tested positive for elevated urinary leukocyte esterase, which was consistent with our results. They found that men with elevated leukocyte activity reported significantly more risky sexual behavior in the previous 3-months, including more recent unprotected sexual intercourse (28). This finding reminds us again that LET test could be as a preventive measure in the care standards of male HIV/STI clinics and provide for further evaluation and behavioral interventions.

Mrus and colleagues reported that urine LET yielded the lowest incremental cost-effectiveness ratio in CT screening (29, 30). Compared with no screening, LET screening strategies reduced overall costs when the prevalence of chlamydial infection in males exceeded 2% (31). The ICER using economic costs per additional person CT positive and NG positive was –$238.74 and –$145.60 compared with LET positive, respectively, which were lower than that of NAAT detection. LET is a simple and inexpensive diagnostic test that can be used as a prescreening method for the detection of CT and NG infections in low- and middle-income countries.

Our results had several limitations, though. First, CT and NG were detected using urine samples. However, Trichomonas vaginalis and Mycoplasma genitalium are also common sexually transmitted diseases, which could also result in a positive LET result performed by urinalysis. The cost for each detection of CT, NG, Trichomonas vaginalis and Mycoplasma genitalium was approximately $11.00. If we could detect more pathogens, sensitivity might be improved. Second, the sensitivity and specificity of LET for predicting CT and NG infections are associated with the prevalence of CT and NG. In this study population, the prevalence rates of CT and NG were moderately high. Third, the number of HIV positive is small, and there may be a selection bias. Fourth, due to data limitations, our cost-effectiveness analysis results only used ICER for analysis about testing cost, we did not use a micro-costing approach to estimate the full economic cost from a health provider perspective and also not reported the tornado plot. However, even with these limitations, CT and NG were mostly accurately excluded when the LET result was negative; therefore, LET would be valuable for predicting CT and NG infections.

LET detection is a simple and inexpensive diagnostic test that is readily available at attending HIV/STI clinics. Though LET is not a diagnostic test for CT and NG infection, LET had a comparable high NPV value for the CT and NG infection. LET would be valuable for predicting CT and NG infection in low- and middle-income countries.



CONCLUSIONS

In this study, LET is a cost-effective test and will be valuable for predicting CT and NG infection with a comparatively high prevalence in low- and middle-income countries.
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