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Abstract

Human Immunodeficiency Virus (HIV) infection requires early detection to enable timely treatment and prevent
transmission. Conventional HIV testing commonly relies on blood samples, which are invasive and may limit testing
uptake in some populations. Non-invasive specimens such as urine and oral fluid have emerged as alternative samples
that may improve the acceptability and accessibility of testing. This study aimed to evaluate the diagnostic accuracy of
rapid HIV tests using urine and oral fluid specimens through a systematic review and meta-analysis. A comprehensive
search of electronic databases identified studies evaluating the diagnostic performance of urine- and oral-fluid-based rapid
HIV tests compared with reference standard methods. Eligible studies provided sufficient data to construct a 2x2
contingency tables. Pooled sensitivity and specificity were estimated, and summary receiver operating characteristic
(SROC) curves were generated to assess overall diagnostic performance. This systematic review was registered in the
PROSPERO International Prospective Register of Systematic Reviews (CRD420261321766). Forest plot analysis showed
that urine-based rapid HIV tests had a pooled sensitivity of 0.96 (95% CI: 0.86 - 0.99) and specificity of 1.00 (95% CI:
1.00 - 1.00). Oral fluid-based tests demonstrated a pooled sensitivity of 0.98 (95% CI: 0.95 - 0.99) and specificity of 1.00
(95% CI: 1.00 - 1.00). Bivariate random effects analysis showed pooled sensitivity and specificity of 0.947 and 0.998 for
urine-based tests and 0.959 and 0.996 for oral fluid-based tests, with SROC AUC values approaching 1.0. Meta-regression
analysis suggested that specimen collection procedures and test brands contributed to heterogeneity among studies. These
findings suggest that urine and oral fluid specimens show high diagnostic accuracy for HIV detection using rapid
diagnostic tests and may support non-invasive HIV screening strategies.
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Introduction

Human Immunodeficiency Virus (HIV) infection
remains a substantial global health burden. Data
reported by UNAIDS estimate that approximately 39
million people were living with HIV worldwide in 2020,
with more than half a million deaths attributed to AIDS-

related complications during the same period [1]. Early
and accurate diagnosis is essential to initiate timely
antiretroviral therapy (ART), reduce HIV-related
morbidity and mortality, prevent onward transmission,

and ensure access to prevention, treatment, care, and
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support services as part of global HIV response
strategies [2,3].

Current HIV diagnostic algorithms primarily rely
on blood-based serological assays, including enzyme-
linked immunosorbent assays (ELISA) and rapid
antibody or antigen-antibody combination tests.
Although these approaches demonstrate high diagnostic
accuracy, blood-based testing may present operational
and individual-level barriers, including the requirement
for trained personnel, biohazard waste management, and
adequate laboratory infrastructure- challenges that are
particularly pronounced in resource-limited settings
[2,4]. Additionally, fear of needles, concerns about pain,
and anxiety related to blood collection may reduce
testing uptake in certain populations [5]. To mitigate
these challenges, non-invasive specimen types,
including oral fluid, have been developed and
increasingly implemented, particularly in decentralised
and self-testing contexts. Evidence indicates that oral
fluid-based rapid tests improve acceptability, user
comfort, and ease of use, thereby enhancing testing
uptake without substantially compromising diagnostic
performance [5,6]. The simplicity of specimen
collection, the elimination of sharps-disposal
requirements, and the suitability for lay users further
highlight the value of non-invasive testing strategies in
community-based  and  self-testing  programs.
Collectively, these considerations have stimulated
growing interest in non-invasive diagnostic approaches
to expand equitable access to HIV testing services
[2,7,8].

Rapid diagnostic tests (RDTs) using oral fluid and
urine specimens have emerged as promising non-
invasive alternatives for HIV diagnosis. Oral fluid-
based HIV tests detect anti-HIV antibodies derived from
the gingival crevicular transudate. In rural South Africa,
oral fluid HIV Self-Test demonstrated high sensitivity
(99.0%) and specificity (100%) among untrained users
[5], while a field evaluation in the Democratic Republic
of the Congo reported sensitivity of 99.2% and
specificity of 98.1% for oral fluid self-testing [6]. Urine-
based HIV tests detect anti-HIV antibodies,
predominantly immunoglobulin G (IgG), which are
excreted in urine. However, the diagnostic performance
of urine-based tests varies across test formats and
clinical settings. A real-world study in China involving
1,094 participants reported moderate sensitivity (82.6%)

but high specificity (> 99%) for participant-conducted
urine testing [9], whereas another controlled evaluation
demonstrated higher sensitivity (99.4%) and specificity
(100%) [10].

Despite increasing interest in non-invasive HIV
testing  approaches, variability in  diagnostic
performance has been reported across populations,
study settings, and test manufacturers [5,6,9,10].
Differences in study design, reference standards,
specimen  collection  procedures, and  assay
characteristics may contribute to heterogeneity in
reported estimates. Additionally, user errors during self-
collection or self-administration, such as improper
specimen collection or incorrect test procedures, can
further contribute to variability in diagnostic
performance, particularly in self-testing settings. These
factors may partly explain the heterogeneity observed
across studies and warrant further investigation.
Moreover, evidence synthesising and directly
comparing pooled diagnostic accuracy across non-
invasive specimen types using appropriate diagnostic
test accuracy (DTA) meta-analytic methods remains
limited. Therefore, this systematic review and meta-
analysis aimed to evaluate and compare the pooled
sensitivity and specificity of urine- and oral fluid-based
rapid HIV diagnostic tests using a bivariate random-
effects model and to assess between-study
heterogeneity.

Materials and methods

Protocol and registration

This systematic review and meta-analysis were
conducted and reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses of Diagnostic Test Accuracy Studies
(PRISMA-DTA) statement [11]. The study selection
process was presented using the PRISMA 2020 flow
diagram [12]. The review protocol was prospectively
registered in the International Prospective Register of
Systematic Reviews (PROSPERO) under registration
number CRD420261321766.

Eligibility criteria

Eligible studies were primary diagnostic accuracy
studies that evaluated non-invasive rapid HIV tests
using urine and/or oral fluid specimens. Participants

included adults and adolescents from the general



Trends Sci. 2026; 23(11): 13796

30f17

population and high-risk groups. The index tests were
qualitative rapid HIV assays intended for point-of-care
or self-testing and were compared with internationally
recognised blood-based laboratory reference standards,
including enzyme-linked immunosorbent assay
(ELISA), Western blot, HIV-1/2 differentiation
immunoassays, and nucleic acid testing/polymerase
chain reaction (NAT/PCR), performed on the same
participants. Studies without adequate data to construct
2x2 tables, without accepted reference standards,
involving only previously confirmed HIV-positive
participants, animal or in vitro studies, and non-original
articles were excluded. Eligible study designs included
cross-sectional, cohort, and diagnostic case-control
studies. The primary outcomes were sensitivity and
specificity, while secondary outcomes included

predictive values. Only full-text articles were included.

Data sources and search strategy

A systematic and comprehensive literature search
was conducted across multiple electronic databases,
including PubMed/MEDLINE, Scopus, SpringerLink,
and Google Scholar, to identify studies evaluating the
diagnostic accuracy of non-invasive rapid HIV tests
using urine and/or oral fluid specimens. The search
included articles published between 1 January 2016 and
2 January 2026. The search strategy was developed
using a building-block approach by combining
controlled vocabulary (e.g., Medical Subject Headings
[MeSH]) and free text keywords related to 3 core
concepts: the index test (rapid HIV test, urine-based test,
oral fluid-based test), the target condition (HIV
infection), and diagnostic accuracy measures
(sensitivity, specificity, and predictive values). No
language restrictions were applied to maximise retrieval
sensitivity. The final search was conducted on 2 January
2026. All retrieved records were imported into EndNote
reference = management  software  for initial
deduplication. Additional deduplication and screening
were performed using Rayyan systematic review
software [13]. A final manual verification step was
conducted to ensure the complete removal of duplicate
records prior to study selection. The detailed search
strategies for all databases are provided in Table S1.

Study selection

The study selection was carried out in 2 sequential
stages. Initially, 2 independent reviewers screened the
titles and abstracts of all identified records against
predefined eligibility criteria. Articles considered
potentially relevant were then assessed for full text by
the same reviewers to confirm their eligibility. Any
discrepancies arising during the screening or full-text
evaluation were resolved through discussion until
agreement was reached. When disagreements persisted,
a senior reviewer was involved to provide the final

judgment.

Data extraction

Two reviewers independently extracted data from
each included study using a standardized data extraction
form. The extracted information included general study
characteristics (first author, year of publication, country,
study design, and study setting), participant
characteristics (sample size, age, sex and population
type), and details of the index test (test name or brand,
manufacturer, and specimen type) and the reference
standard used. Diagnostic accuracy data required to
construct 2x2 contingency tables (true positives, false
positives, false negatives, and true negatives) were
extracted whenever available. Data extraction was
performed independently by both reviewers, and any
discrepancies were resolved through discussion and
consensus. When necessary, the original articles were
rechecked to verify the accuracy of the extracted data.
The final dataset was organized and managed in
Microsoft Excel.

Risks of bias assessment

The risk of bias and applicability concerns of the
included studies were independently assessed by 2
reviewers using the Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2) tool [14-16].
QUADAS-2 evaluates four domains: Patient selection,
index test, reference standard, and flow and timing. Each
domain was judged as having a low, high, or unclear risk
of bias, while the first 3 domains were also assessed for
concerns regarding applicability. Any disagreements
between reviewers were resolved through discussion
and consensus. When consensus could not be reached, a
senior reviewer made the final decision. The results of

the quality assessment were summarized and visualized
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using R software.

Data synthesis and meta-analysis

Diagnostic accuracy data from each included
study were extracted and organized into 2x2
contingency tables comprising true positives (TP), false
positives (FP), false negatives (FN), and true negatives
(TN). Pooled estimates of sensitivity and specificity
with their corresponding 95% confidence intervals (Cls)
were calculated using a bivariate random-effects model,
which jointly analyzes sensitivity and specificity while
accounting for between-study variability. A summary
receiver operating characteristic (SROC) curve was
generated to evaluate the overall diagnostic performance
of the index tests [17]. Statistical heterogeneity among
studies was assessed using the I? statistic, with higher
values indicating greater between-study variability.
When sufficient data were available, subgroup analyses
were conducted according to specimen type (urine vs.
oral fluid) to explore potential sources of heterogeneity.
Sensitivity analyses were performed to assess the
robustness of the pooled estimates. [18] All statistical

analyses were performed using R statistical software (R

Foundation for Statistical Computing, Vienna, Austria)
with the mada package, and graphical outputs were
generated in RStudio. Additional diagnostic accuracy
analyses were conducted using Meta-DiSc software
(version 1.4). [19,20]

Results and discussion

The study selection process is illustrated in Figure
1. A total of 1,234 records were identified from 4
databases (Scopus, PubMed, SpringerLink, and Google
Scholar). After removing duplicate records and those
excluded by automation tools, 897 records remained for
title and abstract screening. Of these, 794 records were
excluded, leaving 103 reports sought for full-text
retrieval. Fifty reports could not be retrieved, resulting
in 53 reports assessed for eligibility. Following full-text
assessment, several reports were excluded due to
ineligible  outcomes, inappropriate  populations,
unsuitable index tests or specimens, or inappropriate
study designs. Ultimately, 16 studies met the inclusion
criteria and were included in the final review. Some
studies reported multiple diagnostic tests or assays,

yielding 18 datasets for the quantitative analysis.

Identification of new studies via databases and registers

SpringerLink (n = 244)
Google Scholar (n = 638)

—

Identification

Records removed before screening
Duplicate records (n = 203)
Records marked as ineligible by automation
tools (n = 134)

Records removed for other reasons (n = 0)

Records screened
(n =897,

-

Records excluded
(n=794)

!

Reports sought for retrieval
(n=103)

-

Reports not retrieved
(n=50)

Screening

Reports assessed for eligibility
n=53)

Reports excluded:
wrong outcome (n = 26)
wrong population (n = 2)
Wrong index test (n = 5)
Wrong specimen / wrong index test (n = 1)
Wrong study design (n=3)

New studies included in review
(n=16)

Reports of new included studies
(n=16)

Included

Figure 1 PRISMA flow diagram of the literature search and study selection process. The diagram illustrates the sequential

process of record identification, screening, eligibility assessment, and study inclusion.
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Study characteristics

A total of 16 studies published between 2016 and
2025 were included in this review, contributing 18
diagnostic accuracy datasets because 2 studies evaluated
more than one index test. The studies were conducted
across Africa, Asia, North America, and the Caribbean.
Most studies used a cross-sectional diagnostic accuracy
design (n = 15), while 3 employed a prospective design.
Study settings included HIV testing clinics, ART
clinics, community outreach programs, workplace-
based testing sites, national screening centers, and
multicenter  clinical ~or  home-based  testing
environments.

Regarding specimen type, oral fluid or oral

mucosal transudate was the most frequently evaluated

specimen, primarily using OraQuick HIV-1/2 or
OraQuick ADVANCE Rapid HIV-1/2 tests (OraSure
Technologies, USA). Several studies also assessed
urine-based rapid HIV antibody tests, including the
Wantai HIV-1 Urine Rapid Test and other China FDA-
approved urine assays.

Reference standards generally followed national
HIV testing algorithms or fourth-generation laboratory-
based assays, with confirmatory testing using Western
blot, Geenius HIV-1/2, NAT, or PCR when required.
Sample sizes ranged from 203 to 2,606 participants, and
all studies provided sufficient data to construct 2x2
contingency tables. The number of confirmed HIV-
positive cases varied across studies due to differences in

study populations and HIV prevalence.

Table 1 Characteristics and diagnostic outcomes of included studies.

Study . . Reference Diagnostic
Author . Country Participants Specimen  Index test
design standard outcomes
OraQuick HIV-
N: 364 (Male 52.4%) ) TP=174
12 Determine +
Cross- ) Age: 31 (25 - 40) . ] FP=1
Choko [21] . Malawi . Oral fluid Self-Test Uni-Gold
sectional Adults attending HTC & . FN=3
. (OraSure algorithm
ART clinics . TN =186
Technologies)
N: 203 (Male 67%) OraQuick TP = 26
Age: 35.96 £ 9.69 ADVANCE FP—1
Kurth et al. [22] Prospective Kenya General adult health ~ Oral fluid Rapid HIV-1/2 ELISA FN=3
facility and community (OraSure
) TN =173
workplace Technologies)
OraQuick HIV-
N: 440 (Male 51,4%) 19 TP =65
Nangendo ef al.  Cross- Age: 30 (18 - 62) . Uganda national FP =0
) Uganda ] ] _ Oral fluid Self-Test ] )
[23] sectional Adults attending Kisenyi serial algorithm  FN =0
(OraSure
Health Centre IV . TN =375
Technologies)
i National finger-
N: 252 (Male 37.3%) OraQuick .
prick HIV TP=6
) Age: 26 (22 - 34) ADVANCE )
Martin et al. Cross-  The Bahamas . . algorithm FP=0
i Adults of unknown HIV  Oral fluid Rapid HIV-1/2 .
[24] sectional (Nassau) . . (Determine FN=0
status attending national (OraSure
. . . HIV-1/2 + TN =246
screening clinic Technologies) .
Colloidal Gold)
National finger-
N: 252 (Male 37.3%) Calypte® i
prick HIV TP=6
) Age: 26 (22 - 34) AWARE™ .
Martin et al. Cross-  The Bahamas . algorithm FP=0
. Adults of unknown HIV  Oral fluid HIV-1/2 OMT .
[24] sectional (Nassau) . . (Determine FN=0
status attending national (Calypte
) . ) i HIV-1/2 + TN =246
screening clinic Biomedical)

Colloidal Gold)
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Study . . Reference Diagnostic
Author . Country Participants Specimen  Index test
design standard outcomes
OraQuick
N: 1776(Male 40.6%) . .
ADVANCE National rapid TP=71
. . Age 7.3 (7-18) ) )
Chikwari et al.  Cross- . .. Rapid HIV-1/2 testing FP=2
. Zambi Adolescents from rural ~ Oral fluid . .
[25] sectional (OraSure  algorithms with  FN =0
and urban households and . )
. Technologies PCR if needed TN =1,703
health facilities
USA)
N: 1343 (Male 33%) . .
OraQuick HIV- National HIV
Age:27.9+8.1 . . TP =101
. ) 12 testing algorithm
Deville et al. Cross- . Adults with unknown . FP=0
) South Africa Oral fluid Self-Test ABON HIV
[5] sectional HIV status, rural L FN=1
. (OraSure 1/2/0 Tri-Line
community outreach . . TN = 1,241
) Technologies) rapid blood test)
(Limpopo)
N: 400 (Male 33.5%) OraQuick HIV- .
National Blood TP =199
o Age: 29 (17.7 - 40.3) 1/2 ) )
Belete et al. Cross- Ethiopia . . rapid algorithm  FP =0
] ] Adults attending Oral fluid Self-Test ] ]
[26] sectional (Addis Ababa) (Wantai — Uni- FN=1
VCT/PICT/PMTCT (OraSure o
o > . Gold — Vikia) TN =200
clinics (facility-based) Technologies
N: 1256 (Male: NR) OraQuick
USA Age: NR ADVANCE CDC laboratory TP =165
Chavez et al. . Individuals at risk for .. Rapid HIV-1/2  algorithm: FP=1
Prospective  (Seattle, . Oral fluid
[27] Washington) HIV, newly diagnosed (OraSure Ag/AbEIA+ FN=14
ashington); . . .
& patients, and persons Technologies Geenius + NAT TN = 1,076
receiving HIV care USA)
4" generation
. laboratory
N: 2549 (Male: 40.6%) OraQuick HIV .
algorithm:
Age: NR Self-Test TP =223
Abbott HIV
Neuman ef al. Cross- . Adolescents & adults (> . (OraSure FP=7
. Zambia Oral fluid . Ag/Ab Combo
[28] sectional 15 years) from rural & Technologies . FN =32
+ Bio-Rad GS
urban households and LLC, TN =2.287
. . HIV Combo +
urban health facility Thailand) )
Geenius & HIV
RNA
OraQuick
N: 528 (Male: 42.8%)
) ADVANCE . TP =264
Democratic Age:32.5+£9.2 . Determine HIV-
Wolyec et al. Cross- . . . .. Rapid HIV-1/2 . FP=5
) Republic of Adults at high risk Oral fluid 1/2 + Uni-Gold
[6] sectional . ] (OraSure ] FN=2
the Congo attending HIV testing . HIV algorithm
. Technologies TN =257
facilities
USA)
N: 416 (Male: 36.1%) . .
OraQuick HIV National
Age: 26.2+84 . TP=16
. . . . Self-Test algorithm:
O’Reilly et al. Cross- Malawi Adults > 16 years with  Oral fluid ) FP=5
. (OraSure Determine +
[29] sectional  (Blantyre) unknown HIV status  (self-test) . . FN=2
Technologies UniGold TN = 393

attending urban and rural
HIV testing clinics

Inc., USA) (parallel testing)
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Study . . Reference Diagnostic
Author . Country Participants Specimen  Index test
design standard outcomes
N: 2606 (Male: 21.4%)
o GENscreen TP =47
) Age: NR Wantai urine
Cross- China . . . ) ULTRA HIV FP=2
Luetal [10] . . High-risk and general Urine HIV-1 rapid
sectional  (Guangxi) ) Ag-Ab ELISA  FN=4
populations (FSWs, IDU, test
+ Western blot TN = 2,553
PW, students, VCT)
N: 986 (Male: 39.2%) Blood-based
WANTAI )
Age: 33 (21 - 80) . HIV testing
] HIV Urine . - TP =39
. Sexually active adults . algorithm with
Awazi et al. Cross- ] . . Rapid Test ) FP=6
) Cameroon attending 3 Baptist Urine . ) 4th-generation
(2025) [30] sectional (Biological FN=0
Health Centers ELISA and
Pharmacy, TN =941
(Ekoumdoum, Etoug- China) Western blot
ina
Ebe, and Kribi) confirmation)
N: 881 (Male: 48%)
Age: NR OraQuick HIV Abbott Alinity B
Adults intended to use ¥ Self-Test HIV Ag/Ab(4th P=0
Galli et al. [31] Prospectiv Canada HIV self-testing Oral fluid (OraSure gen CMIA) FN=0
attending community Technologies  +Geenius™ N = 880
health centres Inc., USA) HIV 172
across 4 provinces,
N: 1403(Male :79.7%)
. TP =357
Age: 37.4£13.9 Wantai HIV-1
. Cross- . . . ELISA, FP=0
Niu et al. [32] . China General adult; Urine  Urine (Beijing
sectional . o . Western blot FN=2
Multicenter Clinical and Wantai)
TN = 1,044
home-based
Rapid HIV
N: 1094 (Male :100%) Urine Antibody N=1,094
c Age:37.4+13.9 Urine Test (China TP =41
ross-
Zhang et al. [9] tonal China High-risk adult MSM (staff- FDA- Western blot FP=1
sectiona
attending a peer-friendly conducted) approved; FN=5
HIV clinic (Guangzhou) brand not TN = 1,047
specified)
Rapid HIV
N: 1,094 (Male: 100%) Urine  Urine Antibody N=1,094
c Age:37.4+13.9 (Self- Test (China TP =38
ross-
Zhang et al. [9] tional China High-risk adult MSM  collected; FDA- Western blot FP=3
ectiona
attending a peer-friendly participant-  approved; FN=28
HIV clinic (Guangzhou) conducted  brand not TN = 1,045
specified)

*Participants’ information is presented as sample size, age (mean or median), and population characteristics when
available. Abbreviation: aN = number of participants, TP = true positive, FP = false positive, FN = false negatives, TN =
true negative, MSM = men who have sex with me, HTC = HIV testing and counselling, ART = antiretroviral therapy,

OMT = oral mucosal transudat, ELISA = enzyme-linked immunosorbent assay, HIV = human immunodeficiency virus
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Risks of bias assessment

The risk of bias assessment of the included
diagnostic accuracy studies is presented in Figure 2. In
the patient selection domain, Niu et al. [32] were judged
to be at high risk of bias due to purposive recruitment of
predefined HIV-infected and comparison groups,
representing a case-control design that may introduce
selection bias. Galli et al. [31] were rated as having
some concerns because only one HIV-positive case was
identified among 911 participants, limiting
the ability to adequately assess diagnostic sensitivity.
Most other studies employed appropriate recruitment
strategies and avoided case-control designs.

In the index test domain, the majority of studies
were judged to have a low risk of bias. However, 2
studies raised some concerns due to insufficient

reporting of blinding procedures or unclear
interpretation of index test results. Specifically, Belete
et al. [26] were rated as having some concerns because
blinding of index test interpretation with respect to the

reference standard was not explicitly reported. All

Choko et al. (2016)

studies were assessed as having a low risk of bias in the
reference standard domain, as appropriate national HIV
testing algorithms or laboratory-based fourth-generation
antigen/antibody assays with confirmatory testing were
used.

In the flow and timing domain, Kurth et al. [22]
were judged to be at high risk of bias due to the
exclusion of invalid self-test results (15.1%) from the
accuracy analysis and the partial verification of negative
results using ELISA, which may have introduced
verification bias and potentially overestimated
diagnostic performance. Some concerns were identified
in Devillé and Tempelman [5], as 48 self-tests (3.45%)
were excluded from the analysis due to invalid or
all

undergoing the same reference-standard assessment.

indeterminate  results, despite participants
Chavez et al. were also rated as having some concerns,
as analyses were conducted per visit rather than per
participant, and verification procedures (pooled versus
individual NAT) varied according to initial screening

results, potentially introducing minor verification bias.

Risk of bias domains

D2 | D3 | D4 [overal]

Kurth et al. 2016

Nangendo et al. 2017

Martin et al. (2018) A

Martin et al. (2018) B

Chikwari et al. (2019)

Deville et al. (2019)

Belete et al. (2019)

Chavez et al. (2020)

Study

Neuman et al. 2022

Tonen-Wolyec S et al. (2020)

O'Relilly et al. (2022)

Lu H et al. (2024)

Awazi et al. (2025)

Galli et al. (2025)

Niu et al., 2025[16]

Zhang et al. (2025) A

Zhang C et al. (2025) B

000 0000000000 OO:

Domains:

D1: Patient selection.
D2: Index test.

D3: Reference slandard.
D4: Flow & timing.

0000000000 000000OO
0000000000000000060
0000000000000 00000
LT X Jolof X X I Joloof X X I X X

Judgement

@ Hion

= Some concerns

® ov

Figure 2 Risk-of-bias assessment of the included studies using the QUADAS-2 tool. The figure summarizes the risk of

bias across 4 domains (patient selection, index test, reference standard, and flow and timing) and provides the overall

judgment for each included study. Green, yellow, and red symbols indicate low risk, some concerns, and high risk of bias,

respectively.
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Diagnostic accuracy of urine-based rapid tests
for HIV detection Sensitivity of urine-based rapid
tests for HIV detection

The pooled sensitivity of urine-based rapid HIV
tests is presented in Figure 3. Sensitivity estimates
across studies ranged from 0.83 to 1.00, with a pooled
sensitivity of 0.96 (95% CI: 0.86 - 0.99) using the
random-effects model. The common-effect model
showed a similar estimate of 0.96 (95% CI: 0.95 - 0.98).
Substantial heterogeneity was observed among studies
(I =80.4%, 1 = 2.0403, p = 0.0004).

Specificity of urine-based rapid tests for HIV
detection

The pooled specificity of urine-based rapid HIV

tests is presented in Figure 4. Specificity estimates
across studies ranged from 0.99 to 1.00, with a pooled
specificity of 1.00 (95% CI: 1.00 - 1.00) in both the
random-effects and common-effect models. Moderate
heterogeneity was observed among studies (I* = 51.7%,
1 =0.7248, p = 0.0818).

Summary Receiver Operating Characteristic
(SROCQC)

The summary receiver operating characteristic
(SROC) curve derived from the bivariate random effects
model is presented in Figure 5. The pooled summary
point demonstrated high diagnostic accuracy, with a
sensitivity of approximately 0.96 and specificity close to
1.00.

Proportion 95%-ClI

0.92 [0.81;0.98]
— = 1.00 [0.91;1.00]
. | 0.99 [0.98;1.00]

0.89 [0.76; 0.96]

Study Events Total
Lu (2024) 47 51
Awazi (2025) 39 39
Niu et (2025) 357 359
Zhang (2025)_A 44 46
Zhang (2025) B 38 46
Common effect model 541

Random effects model

0.83 [0.69;0.92]

< 0.96 [0.95; 0.98]
0.96 [0.86; 0.99]

Heterogeneity: /° = 80.4%, ©° = 2.0403, p = 0.0004 |

07 075 08 085 09 095 1

Sensitivity

Figure 3 Forest plot of pooled sensitivity of urine-based rapid tests for HIV detection.

Study Events Total Proportion 95%-Cl
Lu (2024) 2553 2555 —i 1.00 [1.00; 1.00]
Awazi (2025) 941 947 = ' 0.99 [0.99;1.00]
Niu et (2025) 1044 1044 4:. 1.00 [1.00; 1.00]
Zhang (2025)_A 1047 1048 —R 1.00 [0.99; 1.00]
Zhang (2025) B 1045 1048 - 1.00 [0.99; 1.00]
Common effect model 6642 - 1.00 [1.00; 1.00]
Random effects model T 1.00 [1.00; 1.00]
Heterogeneity: /% = 51.7%, 1 = 0.7248, p = 0.0818 T

0.988 0.99 0.992 0.996 1

Specificity

Figure 4 Forest plot of pooled specificity of urine-based rapid tests for HIV detection.
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Figure 5 Summary receiver operating characteristic (SROC) curve for urine-based rapid tests for HIV detection.

Diagnostic accuracy of oral fluid rapid tests
for HIV detection sensitivity of oral fluid-based
rapid tests for HIV detection

The pooled sensitivity of oral fluid—based rapid
HIV tests is presented in Figure 6. Sensitivity estimates
across studies ranged from 0.87 to 1.00, with a pooled
sensitivity of 0.98 (95% CI: 0.95 - 0.99) using the
random-effects model and 0.96 (95% CI: 0.95 - 0.97)
using the common-effect model. Substantial
heterogeneity was observed among studies (1> = 69.8%,

=1.7919, p <0.0001).

Specificity of oral-fluid based rapid tests for
HIV detection

The pooled specificity of oral fluid-based rapid
HIV tests is presented in Figure 7. Specificity estimates
across studies ranged from 0.98 to 1.00, with a pooled
specificity of 1.00 (95% CI: 1.00 - 1.00) in both the
random-effects and common-effect models. Moderate
heterogeneity was observed among studies (I* = 44.3%,
7 =1.9746, p = 0.042).

Summary Receiver Operating Characteristic
(SROCQC)

The summary receiver operating characteristic
(SROC) curve is shown in Figure 8. The summary point
corresponds to sensitivity of approximately 0.96 and

specificity close to 1.00.

Study Events Total Proportion 95%-Cl
Choko (2016) 174 177 =2 0.98 [0.95; 1.00]
Kurth (2016 ) 26 29 —.—:~ 0.90 [0.73;0.98]
Nangendo (2017) 65 65 Bl 1.00 [0.94;1.00]
Martin (2018)_A 6 6 —A 1.00 [0.54;1.00]
Martin (2018)_B 6 6 | 1.00 [0.54; 1.00]
Chikwari (2019) 7 71 L 1.00 [0.95; 1.00]
Deville (2019) 101 102 ' 0.99 [0.95; 1.00]
Belete (2019) 199 200 - | 0.99 [0.97;1.00]
Chavez et al. (2020) 165 179 —I 0.92 [0.87; 0.96]
Neuman (2022) 223 255 = 0.87 [0.83;0.91]
Wolyec (2020) 264 266 = 0.99 [0.97; 1.00]
O'Reilly(2022) 16 18 —a 0.89 [0.65;0.99]
Galli (2025) 1 1 a | 1.00 [0.02; 1.00]
Common effect model 1375 ‘ 0.96 [0.95; 0.97]

< 0.98 [0.95; 0.99]

Random effects model

Heterogeneity: /% = 69.8%, ©* = 1.7919, p < 0.0001
0.2

0.4

0.6
Sensitivity

T
0.8

Figure 6 Forest plot of pooled sensitivity of oral fluid-based rapid tests for HIV detection.
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Study Events Total
Choko (2016) 186 187 _— B 0.99 [0.97; 1.00]
Kurth (2016 ) 173 174 ——— 0.99 [0.97; 1.00]
Nangendo (2017) 375 375 — 1.00 [0.99; 1.00]
Martin (2018)_A 246 246 —H 1.00 [0.99; 1.00]
Martin (2018)_B 246 246 —u 1.00 [0.99; 1.00]
Chikwari (2019) 1703 1705 — 1.00 [1.00; 1.00]
Deville (2019) 1241 1241 - 1.00 [1.00; 1.00]
Belete (2019) 200 200 —: 1.00 [0.98; 1.00]
Chavez et al. (2020) 1076 1077 —:'- 1.00 [0.99; 1.00]
Neuman (2022) 2287 2294 = 1.00 [0.99; 1.00]
Wolyec (2020) 257 262 = . 0.98 [0.96; 0.99]
O’Reilly(2022) 393 398 —— 0.99 [0.97; 1.00]
Galli (2025) 880 880 —& 1.00 [1.00; 1.00]
Common effect model 9285 QI 1.00 [1.00; 1.00]
Random effects model - 1.00 [1.00; 1.00]
Heterogeneity: /2 = 44.3%, 1% = 1.9746, p = 0.0438 T | T !
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Figure 7 Forest plot of pooled specificity of oral fluid based rapid tests for HIV detection.
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Figure 8 Summary receiver operating characteristic (SROC) curve for oral fluid based rapid tests for HIV detection.

Comparison of the Diagnostic accuracy of
rapid HIV tests in urine and oral fluid specimens

Subgroup analyses were performed according to
specimen type (urine vs oral fluid) using a bivariate
random-effects model. The results are presented in
Table 2. Rapid HIV tests using urine samples showed a
pooled sensitivity of 0.947 (95% CI: 0.823 - 0.985) and

a specificity of 0.998 (95% CI: 0.994 - 0.999), with an
AUC of 0.99 and moderate heterogeneity (I> = 41.6%).
In comparison, tests using oral fluid samples
demonstrated a pooled sensitivity of 0.959 (95% CI:
0.919 - 0.980) and specificity of 0.996 (95% CI: 0.992 -
0.998), with an AUC of 0.989 and low heterogeneity (I

=7.8%).

Table 2 Comparison of the pooled diagnostic accuracy of rapid HIV tests between urine and oral fluid specimens.

Specimen Sensitivity Specificity AUC 12
Urine 0.947 (0.823 - 0.985) 0.998 (0.994 - 0.999) 0.99 41.6%
Oral Fluid 0.959 (0.919 - 0.980) 0.996 (0.992 - 0.998) 0.99 7.8%

Meta-regression analysis was conducted to assess
whether specimen type influenced diagnostic
performance. The results showed that specimen type

was not significantly associated with sensitivity (p =
0.618) or false-positive rate (p = 0.385), indicating that
the diagnostic accuracy of rapid HIV tests did not differ
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significantly between urine and oral fluid specimens.
Detailed results are presented in Table S2.

Subgroup analyses of diagnostic test accuracy
(DTA) were conducted according to testing mode, study

population, specimen type, test brand, and heterogeneity

variability. Heterogeneity estimates were unavailable
for several subgroup analyses due to the limited number
of included studies;
assessments such as I? could not be performed. Detailed

therefore,  heterogeneity

results of the subgroup analyses are presented in Table

to

explore

potential

sources

of Dbetween-study

3.

Table 3 Subgroup analysis rapid HIV tests using oral fluid and urine specimens.

ORAL(O) URINE(U)
Variables Sub groups . Pooled sensitivity Pooled . Pooled Pooled
Studies . Studies . .
(%) specificity (%) 12 sensitivity (%) specificity (%) 12
(total samples) (total samples)
(95% CI) (95% CI) (%) (95% CI) (95% CI) (%)
Self-test 7 (6,393) 98 (93 - 100) 97(90-0.99) 123 2 (2080) 71 (63 - 78) 89 (88-91)
Testing Mode
Provider 6 (4,267) 99(0.99 -100) 0.98(92-99) 23 3(5103) 96 (50-99) 99 (98 - 100) -
High-risk 2 (1,784) 99 (96 - 99) 97 (87 - 99) - 3 (4794) 99 (99 - 99) 88 (81-92) -
Population
General 11 (8,876) 99 (99 - 100) 98 (94 - 99) 4.8 2 (2389) 99 (98-99) 99 (97 - 100) -
OraQuick (O)
12 (10,408) 99 (99 - 100) 98 (94 - 99) -
WATALI (U) 3(4995) 99 (93 -100) 98 (92 -990)
Brand
Calypte (O
alypte (O) 1 252) i i
OTHER (U) 2(2188) 99 (98 - 99) 85 (77-91)

Abbreviations: CI, confidence interval; I?, heterogeneity statistic; O, oral fluid specimen; U, urine specimen.

Subgroup analysis according to testing mode
showed different patterns between oral fluid- and urine-
based rapid HIV tests. For oral fluid tests, pooled
sensitivity was comparable between self-testing (98%,
95% CI: 93% - 100%) and provider-administered testing
(99%, 95% CI: 99% - 100%), while pooled specificity
remained high in both groups (97% vs. 98%). In
contrast, urine-based tests showed lower pooled
sensitivity in self-testing studies (71%, 95% CI: 63% -
78%) than in provider-administered studies (96%, 95%
CI: 95% - 98%), whereas pooled specificity remained
high in both subgroups. However, the urine self-testing
subgroup included only 2 studies; therefore, these
findings should be interpreted with caution.

Discussion
This
evaluated the diagnostic accuracy of rapid HIV tests

systematic review and meta-analysis
using non-invasive

specimens, specifically urine and oral fluid. Overall,
both specimen types demonstrated high diagnostic
performance for

HIV detection. Forest plot analysis showed that urine-

based rapid HIV tests had a pooled sensitivity of 0.96

(95% CI: 0.86 - 0.99) and specificity of 1.00 (95% CI:
1.00 - 1.00), while oral fluid-based tests showed a
pooled sensitivity of 0.98 (95% CI: 0.95 - 0.99) and
specificity of 1.00 (95% CI: 1.00 - 1.00). The SROC
analysis  also  indicated excellent diagnostic
performance, with an AUC close to 1.0 for both
specimen types. respectively. Moderate heterogeneity
was observed among urine-based studies (1> = 41.6%),
whereas oral fluid-based
heterogeneity (I> = 7.8%).

Further analysis using a bivariate random-effects

studies showed low

model yielded more robust estimates of diagnostic
accuracy, as this approach accounts for the correlation
between sensitivity and specificity in diagnostic test
meta-analyses [33]. The results showed that the pooled
sensitivity and specificity of urine-based rapid HIV tests
were 0.947 (95% CI: 0.823 - 0.985) and 0.998 (95% CI:
0.994 - 0.999), respectively, with an SROC AUC of
0.99. Similarly, oral fluid-based tests demonstrated a
pooled sensitivity of 0.959 (95% CI: 0.919 - 0.980) and
a specificity of 0.996 (95% CI: 0.992 - 0.998), with an
AUC 0f 0.989 [28].

Comparison between specimen types revealed

only minor differences in diagnostic performance.
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Although oral fluid demonstrated slightly higher
sensitivity and urine showed marginally higher
specificity, these differences were not clinically
significant. Meta-regression analysis further indicated
that specimen type was not significantly associated with
sensitivity (p = 0.618) or false-positive rate (p = 0.385),
suggesting that urine and oral fluid specimens are
comparable alternatives for HIV screening in both
clinical and community settings [9,23,25,28].

The high diagnostic accuracy observed in this
study is consistent with previous reports demonstrating
that noninvasive specimens can provide reliable HIV
screening. Oral fluid-based testing has been widely
implemented because HIV-specific antibodies can be
detected in oral mucosal transudate, enabling accurate
diagnosis  without blood collection [25,29,34].
Similarly, urine specimens have been investigated as an
alternative sample for HIV antibody detection due to
their ease of collection and improved patient comfort.
However, some studies have reported slightly lower
sensitivity compared with blood-based testing, possibly
due to lower antibody concentrations in urine [7,9,10].

Variations in specimen collection procedures may
also contribute to differences in diagnostic performance.
In some studies, urine samples were collected by trained
healthcare personnel, whereas in others samples were
self-collected by participants. Such differences may
introduce variability in specimen handling and storage
conditions. In one study, the reported sensitivity was
0.88 (95% CI: 0.76 - 0.96) for samples collected with
staff assistance and 0.83 (95% CI: 0.69 -

0.92) for self-collected samples [9].

The use of non-invasive specimens offers several
practical advantages. These methods are generally more
acceptable to patients because they avoid invasive
procedures, which may increase participation in HIV
screening programs. In addition, specimen collection
can often be performed by individuals themselves,
making these approaches particularly suitable for
community-based testing strategies and resource-
limited settings [5,7,9,10,22,23,35]. Some heterogeneity
was observed among the included studies, particularly
for urine-based tests (I> = 41.6%), whereas oral fluid-
based tests showed low heterogeneity (12 = 7.8%). This
variability may be explained by differences in study
populations, rapid test kits, reference standards, and
specimen collection procedures. Variations in HIV

prevalence and disease stage may also influence
diagnostic performance [36,37].

The findings of this meta-analysis are generally
consistent with previous studies evaluating rapid HIV
testing using non-invasive specimens. Previous studies
have reported that oral fluid-based rapid tests may
achieve diagnostic performance approaching that of
blood-based methods in some populations [37-39].
Studies evaluating urine-based HIV testing remain
relatively limited, although available evidence suggests
that urine specimens may provide acceptable diagnostic
performance for screening purposes. Differences in
diagnostic performance may partly reflect variations in
antibody concentrations, as oral fluid tests primarily
detect anti-HIV antibodies derived from gingival
crevicular transudate, whereas urine-based assays rely
on lower concentrations of excreted immunoglobulin G
(IgG). Antibody concentrations in oral fluid and urine
are generally lower than those in serum, which may
contribute to variability in diagnostic sensitivity among
studies [40,41]. Overall, oral fluid and urine specimens
may serve as alternative non-invasive samples for HIV
screening in appropriate clinical and public health
settings.

This study has several strengths, including
comprehensive evaluation of available evidence and the
use of a bivariate random-effects model to jointly
estimate pooled sensitivity and specificity. Meta-
regression analysis was also performed to evaluate the
effect of specimen type on diagnostic performance.
Several limitations should be considered. The number of
studies evaluating urine specimens was relatively
limited, and variations in rapid test brands, study
settings, and sample sizes may have influenced the
pooled estimates. Future research should focus on
evaluating the diagnostic performance of newer
generations of rapid HIV tests using non-invasive
specimens across diverse populations and settings.
Additional studies are also needed to further explore
factors contributing to heterogeneity and to assess the
performance of these tests during early HIV infection.

Conclusions

The findings of this systematic review and meta-
analysis suggest that rapid HIV tests using urine and oral
fluid specimens demonstrate high diagnostic accuracy
for HIV detection. Oral fluid—based tests showed
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slightly higher pooled sensitivity, whereas urine-based
tests demonstrated marginally higher pooled specificity;
however, the differences between specimen types were
small and not statistically significant. Heterogeneity
among urine-based studies was higher than that
observed in oral fluid-based studies. Further studies are
needed to evaluate newer rapid HIV tests using non-
invasive specimens across different populations and
testing settings.
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Supplementary Materials

Table S1 Search strategy.

Database

Search strategy

Scopus

(HIV OR “human immunodeficiency virus”) AND (“rapid test” OR “rapid diagnostic test” OR
RDT OR “point-of-care” OR “self-test” OR “self-testing””) AND (urine OR “urine specimen” OR
“urine sample” OR “oral fluid” OR saliva OR “oral mucosal transudate”)

(“HIV” [Mesh] OR HIV[Title/Abstract] OR “human immunodeficiency virus” [Title/Abstract])
AND (“Diagnostic Tests, Rapid” [Mesh] OR “rapid test” [Title/Abstract] OR “rapid diagnostic
test” [Title/Abstract] OR RDT|[Title/Abstract] OR “point-of-care” [Title/Abstract] OR “point of
care” [Title/Abstract] OR “self-test” [Title/Abstract] OR “self-testing” [Title/Abstract]) AND

Pubmed (MEDLINE) (urine [Title/Abstract] OR “urine specimen” [Title/Abstract] OR “urine sample” [Title/Abstract]

OR “oral fluid” [Title/Abstract] OR saliva[Title/Abstract] OR “oral mucosal
transudate”[ Title/Abstract])

Spingerlink

(“HIV” [Mesh] OR HIV [Title/Abstract] OR “human immunodeficiency virus” [Title/Abstract])
AND (“Diagnostic Tests, Rapid” [Mesh] OR “rapid test” [Title/Abstract] OR “rapid diagnostic
test” [Title/Abstract] OR RDT [Title/Abstract] OR “point-of-care” [Title/Abstract] OR “point of
care” [Title/Abstract] OR “self-test” [Title/Abstract] OR “self-testing” [Title/Abstract]) AND
(urine [Title/Abstract] OR “urine specimen” [Title/Abstract] OR “urine sample” [Title/Abstract]
OR “oral fluid” [Title/Abstract] OR saliva [Title/Abstract] OR “oral mucosal transudate”
[Title/Abstract] )

Google Scholar

(“HIV” OR “human immunodeficiency virus”) AND (“rapid HIV test” OR “rapid diagnostic test”)
AND (“urine” OR “oral fluid” OR “oral mucosal transudate”) AND (“sensitivity” AND
“specificity”’) AND (ELISA OR “Western blot” OR “reference standard” OR “gold standard”)
NOT (acceptability OR feasibility)

Table S2 Meta-regression analysis evaluating the effect of specimen type on the diagnostic accuracy of rapid HIV tests.

Parameter Estimate Std. Error z value p-value 95% CI
Intercept (Sensitivity - Oral) 3.173 0.398 7.962 <0.001 2.392 -3.953
Specimen Urine (Sensitivity) —0.354 0.711 —0.498 0.618 —1.749 - 1.040
Intercept (False Positive Rate - Oral) —5.561 0.349 —15.938  <0.001 —6.245 - —4.877

Specimen Urine (False Positive Rate) —0.534 0.615 —0.868 0.385 —1.741 - 0.672




