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Expanding HIV testing coverage is essential to achieving the first target of the UNAIDS 95-95-95 
goals. Under current circumstances, a novel testing method, urine-based HIV self-testing (HIVST) 
will be essential to reach undiagnosed people living with HIV. This multicenter cross-sectional study 
conducted in three sites in China evaluated the diagnostic accuracy, usability, and acceptability of 
urine-based HIVST in untrained users under real-world conditions. Among 1,495 participants, the 
urine test demonstrated a sensitivity of 99.44% and a specificity of 100.00%, with perfect agreement 
between self-testers and professionals. Agreement between home-based and facility-based testing 
was 100.00%, confirming the reliability of self-testing in unsupervised settings. Most participants 
were able to perform the test correctly and interpret the results independently, achieving high 
comprehension and satisfaction levels. Urine-based HIVST is accurate, convenient, and highly 
acceptable, serving as a promising alternative to blood- or oral fluid-based approaches to better 
accommodate diverse needs and preferences. This non-invasive and user-friendly testing option is 
expected to expand testing coverage and contribute to achieving the first UNAIDS 95 target in China.
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The Joint United Nations Programme on HIV/AIDS (UNAIDS) has set the global “95-95-95” targets to end the 
HIV epidemic by 2030: 95% of all people living with HIV should know their status, 95% of those diagnosed 
should receive sustained treatment, and 95% of those on treatment should achieve viral suppression1. According 
to data reported by the World Health Organization (WHO) at the end of 2022, 86% of people living with HIV 
were aware of their infection status; however, an estimated 5.46 million individuals remained undiagnosed2. 
The first 95% target has not been achieved. In China, the progress towards this target was 79%, 93% and 96% by 
the end of 20203. HIV testing is an important first step to achieve the goal of UNAIDS 95-95-95. Therefore, it is 
necessary to expand testing in order to detect more undetected infected individuals.

With the development of testing technology and the popularization of HIV-related knowledge, HIV self-
testing (HIVST) has been recognized by the WHO as a safe, acceptable, and accessible testing strategy, which 
plays a crucial role in bridging the major gap in HIV testing coverage4,5. HIVST is a process of collecting samples, 
performing the test, and interpreting results—either alone or with someone they trust—typically at home or 
in community settings. Both supervised and unsupervised HIVST approaches have been found to be highly 
acceptable, preferred, and more likely to encourage partner testing6–9. In addition to increasing testing frequency 
and improving access among key populations and their partners, HIVST can also identify newly diagnosed HIV 
infections at a relatively low cost10–13. Accurate and regulated HIV self-tests currently available include blood-
based and oral-based kits, providing multiple options for self-testing14. While oral fluid-based HIVST tests are 
generally more acceptable because they do not require finger pricking and are perceived as safer, blood-based 
HIVST demonstrates higher sensitivity and specificity, as antibody levels in oral fluid are lower than those in 
blood15–18.

In August 2019, the HIV SELF TEST BY URINE – Human Immunodeficiency Virus (HIV) type-I urine 
antibody diagnostic kit (colloidal gold) (Beijing Wantai Biological Pharmacy Enterprise Co., Ltd, Beijing, 
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China) was approved by the China National Medical Products Adimistration19. In April 2025, it received 
prequalification from the WHO, becoming the first commercially available urine-based HIV diagnostic test 
that can be self-administered and interpreted by lay users20. This test can provide results within 15 min, and all 
testing procedures can be completed on-site. Compared with blood-based HIVST, urine-based HIVST requires 
fewer steps and avoids finger pricking or precision pipetting. Unlike oral fluid-based HIVST, urine collection is 
more straightforward, reducing the risk of sampling errors. Despite growing evidence supporting urine-based 
HIVST, data from large-scale real-world evaluations in China remain insufficient21.

In our procedure, laboratory professionals obtained urine and blood samples from participants and conducted 
corresponding HIV tests. Participants were arranged to complete a questionnaire about instructions for use 
(IFU), interpreted results and conducted urine-based HIVST at home and in clinical settings. This study aimed 
to evaluate the diagnostic accuracy of urine-based HIVST compared with the laboratory reference standard 
(Western blot). It also assessed the usability of the test, referring to untrained users’ ability to perform and 
interpret it correctly without professional help, and to explore the acceptability of urine-based HIVST among 
participants.

Materials and methods
Participants and study design
A cross-sectional study was conducted from December 2017 to June 2018 across Beijing, Yunnan, and Henan. 
Participants were divided into three groups: the HIV-infected group, the interference group, and the general 
population group. The grouping criteria were as follows: (1) HIV-infected group: Individuals confirmed to be 
HIV-positive by Western blot (WB) using the HIV Blot 2.2 kit (MP Diagnostics, Singapore); (2) Interference 
group: Individuals who tested negative for HIV but were clinically diagnosed with other viral infectious 
diseases, including hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis A virus, hepatitis E virus, syphilis, 
tuberculosis, herpes zoster, genital herpes, or co-infection with HBV and HCV; (3) General population group: 
Individuals without any of the above conditions. Exclusion criteria included age under 18 years, lack of informed 
consent, or incomplete identification information.

Study procedure
The study consisted of two main components: laboratory evaluation and usability evaluation. The laboratory 
evaluation employed a controlled trial design to primarily assess the clinical performance of the urine-based 
HIVST. The usability evaluation involved a questionnaire, result interpretation, and self-testing both at home 
and in clinical settings. Figure 1 contains a flow diagram of the study design and the progression of participants 
throughout the study.

To assess the participants’ proficiency in performing urine-based HIVST, they were required to complete a 
questionnaire independently, without any guidance, after reading and understanding the IFU (Supplementary 
Note 1 and Note 2) and label information, but before conducting the urine self-test. The IFU was written in plain, 

Fig. 1.  The flow diagram depicting the study design and the development of the final study population.
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easy-to-understand Chinese and included step-by-step pictorial instructions to facilitate independent use by lay 
users. To further assess participants’ ability to interpret results, they were asked to evaluate pre-made contrived 
test devices showing strong positive, weak positive, negative, and different invalid results (Supplementary Figure 
S1).

Each participant independently collected two urine samples. One sample was used by the participant to 
perform the HIVST using the HIV-1 Urine Antibody Diagnostic Kit (colloidal gold; Beijing Wantai Biological 
Pharmacy Enterprise Co., Ltd., Beijing, China), and the results were interpreted independently according to 
the IFU. Participants read the IFU on their own—either before or during the self-testing process—without any 
explanation from study staff or time limitations. Laboratory professionals observed the entire procedure without 
intervention and recorded any operational errors or difficulties encountered. The second urine sample was tested 
by laboratory professionals using the same diagnostic kit. If the test was not performed immediately, a urine 
preservation solution was added, and the sample was stored under refrigeration at 2–8 °C. Before testing, the 
stored sample was brought to room temperature, thoroughly mixed, and then analyzed using the same procedure. 
Simultaneously, blood samples were collected, and laboratory professionals performed a standard rapid blood 
test using the HIV Antibody Diagnostic Kit (third-generation ELISA; Beijing Wantai Biological Pharmacy 
Enterprise Co., Ltd., Beijing, China). ELISA-positive samples were confirmed by WB (MP Diagnostics, Singapore) 
in accordance with the National Guideline for Detection of HIV/AIDS22. For samples with indeterminate WB, 
the participant was followed up for repeat WB testing every 2–4 weeks until the WB testing had a definitive 
positive or negative result. When the urine and blood test results were inconsistent, laboratory professionals re-
tested the retained urine samples using the third-party HIV-1 Urine Antibody Detection Kit (third-generation 
ELISA; Junhe Pharmaceutical Co., Ltd., Beijing, China). All experimental procedures were strictly conducted in 
accordance with the manufacturer’s instructions.

Furthermore, to evaluate the influence of environmental factors and supervisory pressure, participants were 
given the option to repeat the HIVST at home and return their results to the laboratory. The consistency between 
self-test results obtained in clinical settings and those conducted at home was then analyzed.

Samples were excluded if they met any of the following criteria: (1) incomplete or unclear identification 
information; (2) frozen and thawed more than three times; or (3) insufficient sample volume for testing. The 
urine-based HIVST results were not used for clinical diagnosis or treatment initiation during the study period 
and were utilized exclusively for research and evaluation purposes. All procedures involving human participants 
were performed in accordance with the ethical principles of the Declaration of Helsinki.

Statistical analysis
Sensitivity and specificity were calculated to evaluate the validity of urine-based HIVST. The agreement rate 
and Cohen’s kappa coefficient were used to assess the reliability of the test. Additionally, positive and negative 
predictive values (PPV/NPV) were calculated to evaluate the overall diagnostic performance. A p < 0.05 was 
considered statistically significant. All confidence intervals (CIs) presented were 95% CIs.

The questionnaire comprised 12 questions, with each of the first 10 questions worth 10 points. The 
remaining two questions were non-scored, but responses from all participants were recorded. Only completed 
questionnaires were included in the evaluation. Scores were classified into two categories: low (≤ 80) and high 
(90–100). Participants within the low score range were considered to have insufficient understanding of the 
IFU, whereas those with high scores were considered to demonstrate excellent comprehension. Participants in 
the questionnaire survey were divided into three groups: HIV-infected individuals, high-risk individuals (e.g., 
MSM with multiple sexual partners/unprotected sex, injection drug use, irregular blood donation/transfusion, 
and those with high-risk behaviors such as having sex with HIV-infected individuals), and low-risk individuals 
(those who did not exhibit these behaviors). Differences between groups within variables were analyzed using 
Chi-square tests. Statistical analysis was conducted using IBM SPSS Statistics 27.0 (IBM Corp., Armonk, NY, 
USA).

Ethical approval statement
The study was approved by Beijing Youan Hospital (Approval No. [2017]069), the Sixth People’s Hospital of 
Zhengzhou (Approval No. IEC-2017-015), and the Yunnan Center for Disease Control and Prevention Ethics 
Committee.

Results
Participant demographics and group classification
A total of 1,614 individuals from Beijing, Henan, and Yunnan were initially recruited between December 2017 
and June 2018. Of these, 1,495 participants were enrolled, while 119 were excluded (Fig. 1). Thus, the final valid 
sample comprised 1,495 participants, of whom 303 (20.27%) were female, and 1,192 (79.73%) were male. The 
mean age of the participants was 37.44 ± 13.86 years. Among the participants, 451 (30.17%) were HIV-infected 
individuals, 133 (8.9%) were part of the interference group, and 911 (60.93%) were from the general population. 
Within the HIV-infected group, 359 (24.00%) had not received antiretroviral therapy (ART), while 92 (6.00%) 
were undergoing ART (see Supplementary Table S1).

Diagnostic performance
In laboratory testing, the positive detection rates in infected individuals without ART were 99.44% (357/359) 
for urine samples and 99.72% (358/359) for blood samples. In contrast, among those receiving ART, the positive 
detection rates were 78.26% (72/92) for urine samples and 98.91% (91/92) for blood samples, respectively. Given 
the impact of ART on HIV test results and current recommendations discouraging the use of urine-based 
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HIVST kits among HIV-infected individuals receiving ART, such individuals were excluded. HIV testing was 
therefore evaluated using urine and blood samples from participants not receiving ART.

Laboratory professionals tested blood and urine samples from 1,403 participants. Using the urine HIV self-test 
kit, 357 samples tested positive and 1,046 tested negative, while using the blood-based HIV Antibody Diagnostic 
Kit, 360 samples tested positive and 1,043 tested negative (Table 1). Western blot served as the reference standard 
for evaluating the diagnostic performance of both urine- and blood-based HIV test kits. For the urine test kit, 
the sensitivity was 99.44% (95% CI: 97.78–99.90%); the specificity was 100.00% (95% CI: 99.54–100%) and 
Youden’s index was 0.994 (95% CI: 0.973–0.999). The PPV was 100.00% (95% CI: 98.67–100.00%) and the NPV 
was 99.81% (95% CI: 99.23–99.97%). The sensitivity of the blood test kit was slightly higher than that of the urine 
test kit (sensitivity: 99.72%; 95% CI: 98.21–99.99%), while its specificity was lower than that of the urine test kit 
(specificity: 99.81%; 95% CI: 99.23–99.97%) (Table 1). To further validate the reliability of the urine-based test, 
we assessed its agreement with the blood-based test. The overall agreement rate was 99.93% (95% CI: 99.79%–
100.00%), with a Cohen’s Kappa value of 0.998 (95% CI: 0.986–1.000), indicating near-perfect concordance 
between the two tests (Table 2).

Usability and acceptability
Of the 1,066 questionnaires collected, 857 (80.39%) untrained participants achieved high scores, while 209 
(19.61%) scored low. The proportion of HIV-infected individuals with high scores was slightly higher than that 
of high-risk or general population participants, although the difference was not statistically significant (p = 0.11). 
Younger participants (18–50 years) demonstrated significantly better comprehension of the IFU compared with 
older participants (≥ 51 years) (p < 0.001). Furthermore, females demonstrated a better understanding of the IFU 
compared to males (p < 0.001). Participants with higher education and a medical background scored higher than 
those without such qualifications (p < 0.001; Table 3).

According to questionnaire data, 98.21% (1,047/1,066) of untrained participants thought they could conduct 
urine-based HIVST independently (Fig.  2a), and 97.84% (1,043/1,066) reported a positive experience with 
urine-based HIVST (Fig. 2b). The survey results revealed relatively high error rates for three specific questions: 
the appropriate time frame for using the reagent after opening the package (163/1,066, 15.29%), the correct 
handling of invalid test results (235/1,066, 22.05%), and the correct response to a positive test result (189/1,066, 
17.73%). In contrast, error rates for all other questions were below 5.00% (Fig. 2c).

Ultimately, 1,064 individuals interpreted results by observing contrived test devices. Most of the self-testers 
correctly identified positive results (1,057/1,064), negative results (1,041/1,064) and invalid 2 (1,059/1,064) 
results. However, error rate in weakly positive and invalid 1 results were high which were 6.86% (73/1,064) and 
15.04% (536/1,064), respectively (Fig. 2d).

The total agreement rate between self-testers and laboratory professionals was 99.78% (95% CI: 
99.39%−100.00%), with a kappa value of 0.995 (95% CI: 0.965–1.000; Table 4). Observation by professionals 
revealed that 93.04% (1,003/1,078) of self-testers performed the HIVST correctly, while 6.86% (74/1,078) 
performed it with minor errors. One self-tester succeeded after a repeated test. Additionally, professionals 
identified that 34 of 1,078 (3.16%) self-testers did not meet the required sample volume, and 41 of 1,078 (3.80%) 
did not adhere to the required testing duration. For the self-testers performing HIVST at home versus in clinical 
settings, 5 positive results and 102 negative results were detected in both environments. The agreement rate 
between these two testing locations was 100.00%, with a Cohen’s kappa value of 1.00.

Urine kit (Colloidal gold)

Blood kit (ELISA)

Total
Agreement%
(95% CI)

Kappa
(95% CI)Positive Negative

Positive 357 0 357
99.93
(99.79–100.00)

0.998
(0.986–1.000)Negative 1 1,045 1,046

Total 358 1,045 1,403

Table 2.  Agreement and kappa between the urine-based and blood-based HIV test kits.

 

Sample types

Western blot result

Total
Sensitivity%
(95%CI)

Specificity%
(95%CI)Positive Negative

Urine

Positive 357 0 357
99.44
(97.78–99.90)

100.00 
(99.54–100.00)Negative 2 1,044 1,046

Total 359 1,044 1,403

Blood

Positive 358 2 360
99.72
(98.21–99.99)

99.81
(99.23–99.97)Negative 1 1,042 1,043

Total 359 1,044 1,403

Table 1.  Laboratory evaluation results of urine- and blood-based HIV tests.
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Discussion
In this study, based on data from multiple centers across China involving diverse populations in real-world 
settings, the urine-based HIVST method demonstrated satisfactory performance, with a sensitivity of 99.44% 
(95% CI: 97.78–99.90%) and a specificity of 100.00% (95% CI: 99.54–100.00%). Additionally, the urine-based 
HIVST showed good usability and applicability, as participants were able to understand and perform the test 
with minimal difficulty. The high level of consistency between self-testers and laboratory professionals further 

Fig. 2.  Usability evaluation of self-testers who could independently complete the urine-based HIVST. 
Acceptability of urine-based HIVST, questionnaire survey results, and interpretation of contrived test devices. 
(a. Number of self-testers who felt they could conduct the test independently; b. Self-testers’ opinions regarding 
urine-based HIVST before self-testing; c. Error rate per question in questionnaire; d. Error rate in interpreting 
contrived test devices).

 

Grouping and demographic characteristics

Number of participants

p valueTotal Low scores (≤ 80) High scores (90–100)

HIV infection status or risk of HIV infection

HIV-infected individuals 92 11 (11.96%) 81 (88.04%) 0.11

High-risk individuals 423 81 (19.15%) 342 (80.85%)

Low-risk individuals 551 117 (21.21%) 434 (78.79%)

Age (years)

18 ~ 30 381 56 (14.70%) 325 (85.30%) < 0.001

31 ~ 50 533 101 (18.95%) 432 (81.05%)

≥ 51 152 52 (34.21%) 100 (65.79%)

Gender

Male 386 173 (44.82%) 213 (55.18%) < 0.001

Female 680 34 (5.00%) 646 (95.00%)

Highest educational level

High school degree or below 668 169 (25.30%) 499 (74.70%) < 0.001

University degree or above 398 40 (10.05%) 358 (89.95%)

Medical practitioner

Yes 126 6 (4.76%) 120 (95.24%) < 0.001

No 940 203 (21.60%) 737 (78.40%)

Total 1,066 209 (19.61%) 857 (80.39%)

Table 3.  Questionnaire scores of participants across different groups and demographic characteristics.
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supports the conclusion that urine-based HIVST is simple to conduct and can be reliably performed outside of 
clinical settings. Previous studies conducted in China have also confirmed the high accuracy and acceptability 
of urine-based HIVST, and this testing method has already been included in the Chinese national HIV testing 
technical guidelines (2020) and received prequalification from the WHO21–23. Importantly, the performance of 
the urine-based test kits meets WHO-recommended criteria for HIV self-testing, which emphasize accuracy 
and reliability when used by lay persons, the ability to conduct testing in a convenient and confidential manner, 
and the provision of clear IFU24. This highlights their potential for large-scale implementation in resource-
limited settings through global health initiatives.

Two HIV-infected individuals were not detected by the urine kit, whereas one HIV-infected individual was 
not detected by the blood kit. The performance of the urine assay may be influenced by characteristics of the 
kit itself as well as specimen quality25. For example, failure to collect midstream urine can affect test accuracy 
due to potential contamination from urethral inflammation. Other influencing factors include not using first-
morning urine and various physical conditions26. Of note, one untreated AIDS participant with fungal infectious 
stomatitis tested negative on both urine and blood tests. This type of case is extremely rare worldwide27. Prior 
research indicates that, in advanced AIDS, CD4+ T-cell depletion can impair B lymphocyte activation, leading to 
low serum antibody titers and occasional false-negative antibody results28. Among individuals on ART, detection 
rates decreased for both urine and blood, but the decline was greater for urine29. Because urinary HIV-specific 
IgG levels are much lower than those in serum and depend on renal transudation, ART-related reductions in 
viral replication and antibody production further limit the amount of IgG entering the urine, thereby pushing 
antibody concentrations below assay detection thresholds and substantially reducing the detectability of 
antibodies in urine30. These findings indicate that the diagnostic performance of urine-based HIV tests can be 
influenced by both patient status and procedural factors, underscoring the need for proper sample collection and 
consideration of clinical context when interpreting results. Accordingly, self-testers should interpret negative 
results with caution; as stated in the IFU, individuals with recent or ongoing high-risk exposures should repeat 
testing at appropriate intervals or seek confirmatory testing and counseling at a healthcare facility to enable early 
detection and prevention.

In the feedback of the questionnaire, the proportion of HIV-infected individuals with high scores was higher 
than that of other people in our study. This may be due to the fact that people living with HIV are often more 
familiar with HIV-related information, which likely enhanced their ability to understand the urine-based 
HIVST. However, disparity of scores in individuals with different infection status/risk of HIV infection had no 
statistical significance, and the relationship between HIV infection status/risk and the ability to comprehend 
the IFUs of the urine kit warrants further investigation. Age was significantly associated with HIVST usability 
(p < 0.001), with younger participants attaining higher scores than those ≥ 51 years. This pattern may reflect 
greater comfort with digital/visual instructions and the handling of self-testing devices among younger adults, 
whereas older adults may encounter difficulties with lengthy text or interpretation of visual cues required by 
the procedure31,32. Participants with higher educational attainment or medical backgrounds achieved higher 
IFU-comprehension scores, plausibly due to stronger literacy and health knowledge. Conversely, participants 
with lower education may find lengthy or technical IFUs harder to understand, potentially affecting usability 
and test accuracy33. To improve usability in lower-literacy groups, strategies such as simplifying IFU language, 
incorporating clear visual aids, embedding short instructional videos (e.g., via QR codes), and user-testing with 
low-literacy populations are recommended34,35. Additionally, females tended to score higher than males, which 
may be attributed to the generally more meticulous nature of females and their more sincere attitudes towards 
participating in the on-site trial36.

Analysis of the questionnaire showed high error rates in questions 4, 9, and 10. Question 4, about the test 
duration, was often misunderstood—some participants confused it with the time to read the result. This may 
be due to skimming the instructions or low education levels. Questions 9 and 10, which asked about handling 
invalid results and proper disposal, were also frequently answered incorrectly. Since these were multiple-choice, 
some participants only chose one option, possibly due to unclear instructions. In the results of the contrived test 
devices, weakly positive cases had high error rates. This may be because the test (T) line was faint, making it 
hard for users to judge. Errors in recognizing invalid results were also common, likely due to confusion between 
the control (C) and T lines. To improve this, instructions in the IFU should be clearer, and adding a QR code 
linking to a video or interactive guide could help users better understand the process35. When comparing the 
questionnaire results with actual testing, fewer mistakes were seen in practice. This suggests that self-tests are 
simple enough for most users to perform correctly. While small differences in sample volume (e.g., using two or 
four drops) didn’t usually affect results, it’s still important to stress the correct volume in both instructions and 
videos. Some users also judged the result too early, before the C and T lines fully appeared. A clear reminder 
about the correct time to read the result should be added to the IFU.

Laboratory Testing

Self-testing

Total
Agreement%
(95% CI)

Kappa
(95% CI)Positive Negative

Positive 118 1 119
99.78
(99.39–100.00)

0.995
(0.965–1.000)Negative 0 959 959

Total 118 960 1,078

Table 4.  Comparison of results between laboratory testing and self-testing by urine kit.
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This study has several limitations. First, information on participants’ residential settings (urban or rural) was 
not collected, preventing evaluation of potential differences in usability or acceptability. Second, children and 
adolescents were not included, limiting generalizability to younger populations. Third, the exact timeframe for 
returning the HIVST kits to the clinic was not recorded; therefore, the potential influence of timing on result 
accuracy cannot be entirely ruled out. Future research should explore the integration of urine-based HIVST 
into broader HIV prevention and care frameworks, including its potential use as a routine self-testing tool 
during the follow-up phase of long-acting injectable pre-exposure prophylaxis, as well as in partner services, 
cost-effectiveness analyses, and real-world clinical outcomes among untreated individuals after self-testing37–39.

Conclusion
The urine-based HIVST demonstrated high diagnostic accuracy, excellent usability, and strong agreement 
between self-testers and professionals. It serves as a valuable complement to existing HIVST approaches, 
expanding the testing toolbox beyond oral fluid- and blood-based methods. Owing to its non-invasive nature, 
simplicity, and privacy, it can better accommodate the diverse needs and preferences of different populations. 
Collectively, these findings support urine-based HIVST as a practical, acceptable, and scalable strategy to expand 
HIV testing coverage, facilitate the early identification of undiagnosed infections, and accelerate progress toward 
achieving the first 95 target of the UNAIDS 95-95-95 goals in China and comparable settings worldwide.

Data availability
The datasets generated and analysed during the current study are not publicly available due patient privacy but 
are available from the corresponding author on reasonable request.
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