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Abstract Background: A pay-for-performance plan for rapid antiretroviral therapy (ART)
commencement was initiated in 2018, while a modified testing algorithm offers immunochro-
matographic test (ICT) to replace Western blot (WB), and simultaneous testing with ICT and
Nucleic Acid Amplification Test (NAAT) for HIV-positive sera was adopted in 2019 in Taiwan.
Methods: Serum specimens collected from 1117 suspected or confirmed HIV infection cases in
2016e2019 were reassessed the performance of WB, ICT, and NAAT. We reviewed the medical
records of 10,732 individuals diagnosed with HIV in 2015e2021 to determine the time from
screening to confirmatory diagnosis, followed by ART commencement.
Results: All 860 WB-positives were also positive by ICT and NAAT. The positive detection per-
centages were 37.0% by ICT and 51.4% by NAAT for 257 WB-indeterminate and -negative sera.
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The sensitivity for WB and ICT was 93.8% and 95.5%, respectively. In the people living with HIV
(PLHIV) cohort, the median time from initial positive to confirmatory diagnosis decreased from
5 to 6 days before 2019 to 1 day in 2021. The median time from initial positive to ART initiation
decreased from 37 days in 2015, 14 days in 2018, to 6 days in 2021. Compared to 2015e2017,
the time to ART initiation was 91.48 days lower in 2018 (P < 0.001) and 100.66 days lower in
2019e2021 (P < 0.001) by the adjusted linear regression model.
Conclusion: A significant decrease in the time to ART initiation was observed after initiation of
the pay-for-performance program and optimized testing algorithm in Taiwan.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

The World Health Organization (WHO) announced its 95-95-
95 treatment goal in hopes of ending AIDS by 2030.1 Pre-
vious studies have indicated that HIV treatment is highly
effective in reducing the transmission of HIV, and the evi-
dence is now clear that people living with HIV with an un-
detectable viral load cannot transmit HIV sexually.2

Therefore, identifying undiagnosed cases and increasing
the coverage of HIV testing is crucial. The first target of the
95-95-95 plan is to have 95% of all people living with HIV
(PLHIV) know their HIV status.3 A rapid and accurate diag-
nosis is one of the key strategies for achieving the first
target.4,5 Specifically, an accurate diagnosis of early HIV
infection would detect and efficiently control disease
transmission because individuals have higher HIV viral loads
during the acute infection stage.6 The Western blot (WB)
assay is the standard test for an HIV confirmatory diagnosis,
but WB analysis has several limitations including low
sensitivity and delayed test results by more than a week.7,8

The WHO report in 2019 also noted that the WB method is
time-consuming and requires professionals to judge the
results; patients may delay taking their medicine or lose
contact and refuse to come back.

In 2014, the US Centers for Disease Control and Prevention
recommended the use of an HIV-1/2 antibody differentiation
immunoassay, a single-use immunochromatographic test
(ICT) to diagnose HIV infections.9 TheWHO strongly suggested
replacing WB with simpler and more rapid diagnostic tests in
2019.10 As of 2020, Japan also modified HIV confirmatory
testing protocols using ICT as a replacement for WB, and ICT
and simultaneous testing with ICT and NAAT for initial HIV-
positive sera11; however, assessments of real-world out-
comes on overall HIV diagnostic turnaround time and the
initiation of antiretroviral therapy (ART) using the modified
testing algorithm are limited.12e14

The Central Laboratory in the Taiwan Centers for Dis-
ease Control (TCDC) provides confirmatory tests for sam-
ples that were initially positive from local health bureaus.
The TCDC has provided NAATs since 2009 for patients who
have HIV-negative or -indeterminate results but are still
under high clinical suspicion from. Hence, the TCDC has
since collected many sera that were initially positive, but
WB-negative or -indeterminate. In addition, the TCDC
started to set the policy of rapid ART initiation in 2016 and
the Taiwan Food and Drug Administration approved an ICT
for an HIV confirmatory diagnosis in 2017. A pay-for-
performance program to improve HIV-related healthcare
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has been established since 2018. This plan focuses on
greater financial incentives towards ART initiation within 7
days of HIV diagnosis. A modified HIV testing algorithm was
endorsed since 2019, including ICT as a replacement for
WB method and the initial positive results have been
simultaneously tested with ICT and NAAT. Herein, we
further evaluated the implementation of these strategies.

Methods

Study population and resources

This research included sera and PLHIV cohort studies. The
sera study involved 1117 surplus serum samples from the
Central Laboratory at the TCDC collected between 2016 and
2019. The PLHIV cohort were diagnosed and reported to the
TCDC between January 2015 and December 2021. The data
were from the HIV/AIDS reporting/casemanagement system.
The information included the date of the sample collection
for the confirmatory diagnosis testing, the date of the HIV
reporting, testing results, and the date of ART prescription;
however, information on the confirmatory assay kit utilized
was lacking. This study (IRB-107108 and IRB-108301) was
approved by the Institutional Review Board of the TCDC.

Laboratory measurements

WB analysis was performed using MP Diagnostics HIV BLOT
2.2 (MP Biomedicals Asia Pacific Pte Ltd., Singapore,
Singapore), which detects HIV-1 and HIV-2 antibodies. We
used the Genius HIV-1/2 confirmatory assay (Bio-Rad Lab-
oratories, Redmond, WA, USA) as the ICT. HIV-1 NAAT was
performed using the mSample Preparation System RNA
(Abbott, Chicago, IL, USA) for specimen preparation, and
PCR was performed using the Abbott RealTime HIV-1 assay
kit (Abbott) and m2000 RealTime System (Abbott).

The pay-for-performance program

Implemented in 2018, the pay-for-performance program
motivates case managers to encourage patients to initiate
treatment by compensating the healthcare facilities ac-
cording to the interval between the date of diagnosis and
the date of HIV treatment initiation. Intervals were calcu-
lated and categorized into multiple groups that correspond
to different compensation rates and the facilities received
the funding at the end of the year. Every year, these groups
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Table 1 Demographic status of the study population.

Characteristics Total

n %

Number 10,732 100

Age at HIV diagnosis(years)

S14 7 0.1
15e24 2647 24.7
25e34 4820 44.9
35e44 2081 19.4
45e54 830 7.7
&55 347 3.2
Median (IQR) 31.6

Sex

Female 272 2.5
Male 10,460 97.5

Transmission category

MSM 9216 85.9
Heterosexual 1055 9.8
IDU 261 2.5
Others 200 1.9

AIDS status at HIV diagnosis

No AIDS 7194 67.0
Yes, within 3 months 3538 33.0
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and rates were re-discussed and adjusted based on the
policy implementation and their previous performance.

Measurements

The primary measurement included a comparison of
agreement between ICT and WB results, the consistency
between ICT and NAAT results, and the consistency be-
tween WB and NAAT results. The NAAT results are referred
to as the “true result.”

The secondary measurement included the time from
initial positive to a confirmatory diagnosis, followed by ART
initiation. Here, we defined the date of sample collection
for the confirmatory testing as the date of initial positive
result. The 2015e2021 study period was divided into 3 pe-
riods based on the interventions, as follows: 2015e2017 was
designated the before intervention stage; 2018 was the
start of the pay-for-performance program stage; and
2019e2021 as the modified testing algorithm combined with
the pay-for-performance program stage.

Statistics

Cohen’s kappa (k) was calculated to determine agreement
between the WB and ICT results. The crosstabs chi-square
test of independence was performed to determine
the Cramer coefficient V value and the agreements between
the WB and NAAT results, and the ICT and NAAT results.

The mean, median, and variability were calculated by
year, time from initial positive to confirmatory diagnosis, and
initiation of ART. We constructed adjusted linear regression
models to evaluate the association between these strategies
and time to the confirmatory diagnosis, followed by initiation
of ART. The models were adjusted for age, gender, mode of
transmission, and AIDS status at the time of HIV diagnosis. All
analyses were performed using SAS 9.4.

Results

Study population

In the serum study, a total of 1117 sera were tested. Group
A consisted of 917 specimens including 860 WB positives, 28
indeterminate, and 29 negatives. Group B consisted of 257
specimens with 57 indeterminate or negative results from
group A and 200 specimens with WB negative or interme-
diate results, but still considered to be of high clinical
suspicion by physicians.

The PLHIV cohort in this research consisted of records
from 10,732 PLHIV (79%) that included the dates of sample
collection for the confirmatory testing among 13,591 PLHIV
who were diagnosed and reported to the TCDC between
January 2015 and December 2021.

Description of the PLHIV cohort

The PLHIV cohort of 10,732 individuals included 10,460
males (97.5%) and 272 females (2.5%). Most of the subjects
(n Z 9216 [85.9%]) were men who have sex with men
(MSM). The median age on the day of diagnosis was 29 years
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(interquartile range [IQR], 25e36 years). One-third of the
subjects had AIDS at the time of HIV diagnosis (n Z 3538
[33.0%]; Table 1).

Consistency among WB, ICT, and NAAT results in
group A

To summarize, all 860 WB-positive samples were further
confirmed as ICT- and NAAT-positive in the A group. In the
57 WB-negative or -indeterminate samples, 16 (28.1%) and
22 (38.6%) were ICT-positive and NAAT-positive, respec-
tively. In addition, among 41 ICT-negative or -indetermi-
nate results, 6 (14.6%) were NAAT-positive.

The kappa value between the WB and ICT results was
0.5116. The Cramer value between the WB and NAAT results
was 0.7971. The Cramer value between the ICT and NAAT
results was 0.9225 (Fig. 1). Overall, the sensitivity for WB
and ICT among this cohort was 93.8% (860/917) and 95.5%
(876/917), respectively.

Consistency among WB, ICT, and NAAT results in
group B

Group B consisted entirely of WB-indeterminate and
-negative results. Of 133 WB-indeterminate samples, there
were 81 ICT-positive and 39 ICT-negative results. Among the
13 ICT-indeterminate samples, 7 were NAAT-positive.
Among the 39 ICT-negative samples, 7 were NAAT-positive.
Among 124 WB-negative samples, 14 were ICT-positive, 7
were ICT-indeterminate, and 103 were ICT-negative. Among
the 7 ICT-indeterminate samples, 3 were NAAT-positive.
Among the 103 ICT-negative samples, 20 were NAAT-
positive. Further analysis of the NAAT results reconfirmed
the 81 ICT-positive samples to be positive (Fig. 2).



Figure 1. Comparison of WB, ICT, and NAAT HIV confirmatory diagnoses in 917 sera with initial HIV-positive results from the local
health bureaus. WB, Western blot; ICT, immunochromatographic test; NAAT, nucleic acid amplification test.
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In summary, NAAT detected 132 positive samples (51.4%)
and ICT detected 95 positive samples (37.0%) of 257 WB-
intermediate or -negative samples. In addition, among 162
ICT-negative or -indeterminate results, 37 (22.8%) were
NAAT-positive (Fig. 2).

Time to HIV confirmatory diagnosis and initiation of
ART

The proportion of HIV cases with the date of initial positive
results ranged from 74.9% in 2015 to 81.8% in 2021. In our
PLHIV cohort study, the median time from the initial HIV-
positive results to the HIV confirmatory test before the
modified HIV testing algorithm (2015e2018) was 5 days (IQR,
2e8 days) to 6 days (IQR, 2e8 days). During the modified HIV
testing algorithm period (2019e2021), the median time to
confirmatory diagnoses were 4 days (IQR, 1e7 days) in 2019
to 1 days (IQR, 0e3 days) in 2021 (Table 2).

The proportion of PLHIV who received ART within 1 year
after an HIV diagnosis was around 97e98% during
2015e2021. The median time from the initial HIV-positive
result to initiation of ART prior to 2018 was 27 days (IQR,
16e42 days) to 37 days (IQR, 20e202 days). The pay-for-
performance program was implemented in 2018, at which
time the median time to initiation of ART was 2 weeks
(median: 14 days; IQR, 7e28 days). The median time to
initiation of ART had a decreasing trend between 2019 and
2021 (median: 6 days; IQR, 1e15 in 2021; Table 2) under the
1142
modified HIV testing algorithm combined with the pay-for-
performance program.

Rapid confirmatory diagnosis in association with
the algorithm transition

Based on the fully adjusted linear regression model, the time
to diagnosis was 2.8 days lower in 2019e2021 with the
modified HIV testing algorithm compared with the time to
diagnosis in 2015e2017 (P < 0.001). Other factors, including
non-MSM transmission and non-AIDS status at the time of HIV
diagnosis, were positive predictors of a longer time to an HIV
confirmatory diagnosis. Variables, such as age, gender did
not significantly predict the time to diagnosis (Table 3).

Early initiation of ART in association with the pay-
for-performance program and the testing algorithm
transition

In the fully adjusted linear regression model for the time
from the initial positive results to the initiation of ART
(Table 4), when compared with 2015e2017, the time was
91.48 days lower in 2018 during the pay-for-performance
program (P < 0.001) and 100.66 days lower from 2019 to
2021 during the pay-for-performance program with testing
algorithm transition (P < 0.001). The other variables did not
predict the duration to initiation of ART significantly. Only



Figure 2. Comparison of WB, ICT, and NAAT results and HIV confirmatory diagnoses in 257 serum samples with WB-indeterminate
and -negative results. WB, Western blot; ICT, immunochromatographic test; NAAT, nucleic acid amplification test.

Table 2 Distribution of the study population, time to confirmatory diagnoses, and initiation of ART by year in Taiwan.

Year AIDS
designated
Hospitals

Hospitals
with ICT

Reported
cases

cases with the dates of
initial positive results

PLHIV with
receiving ART

Time from initial
positive results
to confirmatory
diagnosis (days)

Time from
initial positive

to on-ART (days)

n n n % n % Median IQR Median IQR

total e e 13,591 10,732 79.0% 10,446 97.3% e e e e

2015 57 e 2324 1740 74.9% 1689 97.1% 5 3,8 37 20,202
2016 62 e 2394 1749 73.1% 1702 97.3% 5 2,8 29 17,63
2017 69 e 2508 1982 79.0% 1919 96.8% 5.5 3,8 27 16,42
2018 77 e 1982 1635 82.5% 1593 97.4% 6 2,8 14 7,28
2019 78 21 1748 1470 84.1% 1437 97.8% 4 1,7 10 5,21
2020 83 27 1389 1137 81.9% 1114 98.0% 2 0,5 7 3,18
2021 83 79 1246 1019 81.8% 992 97.4% 1 0,3 6 1,15
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non-AIDS status at the time of HIV diagnosis
positively predicted a longer time to initiation of ART in
both models.
Discussion

In this study we have shown that the ICT assay is a reliable
and superior alternative to WB analysis. This finding is
consistent with most previous reports.15e20 ICT has better
sensitivity than WB (95.5% & 93.8%) when used as a
1143
confirmatory test. With NAAT as the gold standard in HIV
testing, the results of ICT and NAAT compared to WB and
NAAT were more consistent in our study; however, when
comparing ICT and NAAT, the former failed to identify all
HIV-positive sera. According to the results, the TCDC has
endorsed the ICT assay as a replacement for traditional WB
analysis since 2019. The initial positive results were tested
with ICT and NAAT simultaneously since 2019. Hence, our
testing protocol was modified from a 3-step to a 2-step
procedure. Furthermore, our study showed that improve-
ments in HIV care can be summed up in two ways. First,



Table 3 Unadjusted and adjusted linear regression models for time from the initial positive to confirmatory diagnosis.

Variables Unadjusted model n Z 10,732 Adjusted model n Z 10,732

b � S.E. P-value b � S.E. P-value

Year
2015e2017 referent referent
2018 �0.059 � 0.19 0.7580 �0.05 � 0.19 0.7867
2019e2021 �2.85 � 0.15 <0.001 �2.81 � 0.15 <0.001

Age e 0.01 � 0.01 0.5234
Sex e

Female e referent
Male e �0.01 � 0.45 0.9876

Transmission mode e

MSM e referent
Heterosexual e 0.77 � 0.25 0.0019
Other e 1.18 � 0.49 0.0161

AIDS status at HIV diagnosis e

No e referent
Yes e �1.66 � 0.14 <0.0001

Table 4 Unadjusted and adjusted linear regression models for time from initial positive to initiation of ART.

Variables Unadjusted model n Z 10,446 Adjusted model n Z 10,446

b � S.E P-value b � S.E P-value

Year
2015e2017 referent Referent
2018 �92.46 � 5.71 <0.0001 �91.48 � 5.64 <0.0001
2019e2021 �104.29 � 4.34 <0.0001 �100.66 � 4.32 <0.0001

Age e 0.013 � 0.21 0.9532
Sex e

Female e Referent
Male e 0.52 � 13.67 0.9695

Transmission mode e

MSM e Referent
Heterosexual e 3.46 � 7.40 0.6399
Other e 0.20 � 17.89 0.9911

AIDS status at HIV diagnosis e

No e Referent
Yes e �67.83 � 4.24 <0.0001
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upon replacement of WB analysis with ICT, the time from
initial positive results to confirmatory diagnosis has signifi-
cantly decreased. Second, the concurrent use of NAAT has
further facilitated shortening of the interval between the
initial positive results and initiation of treatment, thus
allowing same-day testing and initiation of ART. This
simultaneous testing algorithm also allowed instant avail-
ability of data on viral load, thus giving physicians greater
confidence to diagnose and prescribe antiretroviral
therapy.

The HIV diagnostic testing algorithm is a 3-step sequence
of tests for detection, differentiation, and confirmation of
HIV-1 and HIV-2 in the USA.9 A recent study in the US re-
ported that one-fourth of all tests had discordant results
between the ICT and initial screening assay in 2017.12

Among the serum samples with indeterminate or negative
ICT results, 7% of patients were NAAT-positive. The study
suggested that the 3-step current HIV diagnostic algorithm
is complex and inefficient.12 In addition, two other recent
1144
studies suggested the sole use of HIV-1 NAAT, rather than
ICT, after an initial HIV Ag/Ab immunoassay.21,22 Our study
also showed that NAAT could detect a portion of positives
among ICT-negative or -indeterminate samples. Further-
more, our real-world cohort study exemplifies how the
simultaneous utilization of ICT and NAAT may be a feasible
testing algorithm according to the decline in overall dura-
tion from initial positive results to confirmatory diagnosis.
In consideration of public health approaches and monitoring
the HIV epidemic, the concurrent use of NAAT and ICT is
essential to differentiate both acute and non-acute HIV
infections.23

Taiwan has a population of approximately 23 million
people. The estimated HIV prevalence was 27,455 (1.58 per
1000 people) in 2019 with an undiagnosed rate of
12.1%.24e26 The rapid ART initiation policy has been
endorsed in Taiwan since 2016. This pay-for-performance
plan has, since 2018, focused on greater financial in-
centives towards initiating ART within 7 days of diagnosis.
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The shorter the time interval between the HIV confirmatory
diagnosis and ART initiation, the higher the financial
incentive. As a result, there was a steep decline in the time
from HIV initial positive testing to the initiation of ART in
2018. By 2019, 92% of all patients diagnosed with HIV
infection received sustained ART, while 95% of those
receiving ART had viral suppression.24e26 A past study in San
Francisco also reported the time from diagnosis to ART be-
tween 2013 and 2017 showed a decreasing trend from 37 to
6 days due to their RAPID ART Program Initiative,27 a
retrospective cohort study between 2014 and 2018 in Taiwan
also reported that rapid ART initiation increased from 33.8%
in 2014 to 68.3% in 2017, and the median interval between
HIV diagnosis and viral suppression decreased from 138 to 47
days.28 One systematic review paper concluded that rapid of
ART as within 1 week of diagnosis could improve health
outcomes.29 Some studies also concluded that pragmatic
research to identify feasible packages for shortening the
interval from diagnosis to initiation of ART in complex health
systems is necessary.29,30 In our study, with optimization of
testing algorithms and transition to incorporate NAAT and
ICT in the diagnostic procedure and the pay-for-
performance program, the goal towards a continuous
decrease in the time from diagnosis to initiation of ART
would be more successful and the reimbursement for HIV
care from CDC has an impact in shortening the interval
between diagnosis and treatment.

The inability to identify the exact confirmatory testing
method used on each individual was our study limitation.
Also, our analysis relies on a dataset on limited character-
istic variables such as co-morbidities that might influence
the model of statistical analysis. In addition, the specificity
cannot be calculated owing to the lack of true negative
samples from sample collection, which is also a limitation
of our data. Despite these limitations, our study had some
unique strengths. Our study used multiple interlinked data
sources consists of 7 years of data. Most other published
studies on HIV testing algorithms did not obtain such
detailed information.

Conclusions

Combining the pay-for-performance program and the
modified HIV testing algorithm may be useful to help rapid
ART initiation. Henceforth, we plan to follow-up on this
cohort study and undertake further analyses of long-term
follow-up research associated with viral suppression,
adherence, morbidity, and mortality. Consequently, in
2021 the ICT and NAAT for HIV confirmatory diagnoses
were approved to receive reimbursement from the Na-
tional Health Insurance in Taiwan. Our findings, overall,
suggest that the modified HIV testing algorithm offers the
ICT assay as a replacement for WB analysis, and initial
positive results are simultaneously tested with ICT and
NAAT.
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