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Abstract

Background Under South Africa’s Universal Test and Treat (UTT) policy, CD4 counts are no longer required to deter-
mine HIV treatment eligibility. However, CD4 count at presentation remains an important marker of disease progres-
sion. We assessed whether CD4 testing declined in the UTT era and, if so, by how much.

Methods We analysed CD4 count data from the National Health Laboratory Service (NHLS) National HIV Cohort
and TIER.Net database for individuals in HIV care across five South African provinces. “First CD4 count”was defined
as the first CD4 test recorded for each patient. In TIER.Net, “date of presentation” was the earliest date of HIV testing,
CD4 measurement, or clinic visit. Trends in first CD4 testing volumes (2004-2018) were analyzed, with interrupted
time-series analyses assessing the impact of UTT (September 2016).

Results Data included 5,274,218 (NHLS) and 2,265,557 (TIER.Net) individuals with a first CD4 count. In NHLS, first CD4
counts increased from 47,604 in 2004 to 383,705 in 2010 and then declined. Lower volumes were recorded in TIER.
Net. Adjusting for prior trends, first CD4 counts increased slightly after UTT, by 32 individuals/day in NHLS (95% Cl.—6
to 61) and 88 individuals/day in TIER.Net (95% CI: 30 to 148). Among TIER.Net patients, the percentage with a CD4
count decreased by 4.3% (95% Cl:—5.2 to—3.0%).

Conclusions We found no major decline in CD4 testing at presentation following UTT, contrasting findings
from resource-constrained settings with greater reliance on external donors.

Keywords Universal Test and Treat (UTT), CD4 count testing, Advanced HIV disease, Trends in HIV care, Interrupted
time-series analysis
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Background

In 2015, the World Health Organization (WHO) recom-
mended immediate initiation of antiretroviral therapy
(ART) for all people living with HIV, regardless of CD4
cell count or clinical stage [1], but these guidelines still
recommend CD4 cell count testing at HIV diagnosis.
South Africa eliminated the CD4 criteria for ART eligi-
bility in 2016 under its Universal Test and Treat (UTT)
policy [2] in response to evidence of the potential impact
of immediate ART initiation on both patient health and
onward transmission. However, CD4 cell count at entry
into care remains an important marker of immunologi-
cal status and a strong predictor of HIV-related mor-
bidity and mortality [3-5]. South African treatment
guidelines also use CD4 count to guide several prophy-
lactic and diagnostic interventions, including reflex test-
ing for opportunistic infections such as cryptococcus or
tuberculosis [6, 7]. In September 2017, the UTT policy
was updated to initiate ART on the day of HIV diagnosis
(same-day ART initiation—SDI) maintaining the lack of
requirement for CD4 testing [8].

Before September 2016, ART eligibility was deter-
mined in part by whether a patient’s CD4 count was
below a threshold value: <200 cells/mm?® up to August
2011 [9],<350 up to January 2015 [10], and <500 up to
September 2016. Under UTT, all persons diagnosed with
HIV are eligible for treatment regardless of CD4 count.
As viral loads are now generally accepted as the preferred
tool for monitoring treatment success, some countries
are moving away from CD4 counts altogether. This is evi-
dent in a recent multi-country study in Southern Africa
which reported that the proportion of people living with
HIV having a CD4 cell count before starting treatment
has declined substantially in recent years [11] [12]. Some
argue that CD4 monitoring is no longer necessary in the
era of UTT, as all individuals are eligible for ART regard-
less of their CD4 count [13].

While critical for monitoring, viral load alone may not
capture all aspects of individual health and treatment
success [14] [15]. Moreover, viral load monitoring after
starting HIV therapy is inconsistent in resource-limited
health settings [16] due to factors such as limited access
to testing equipment, logistical challenges in sample pro-
cessing, cost constraints, and irregular patient follow-up.
Therefore, while viral load monitoring may be preferred
for monitoring treatment success, CD4 monitoring still
play a crucial role in the management of HIV in South
Africa. In many resource-limited settings, the lower cost
of CD4 testing makes it a more viable option for regular
monitoring of individuals with HIV, although viral load
testing is recommended for the most accurate manage-
ment of the disease, especially for monitoring treatment
efficacy and adherence [17].
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Despite the shift towards immediate ART initiation,
baseline CD4 testing remains recommended by WHO to
assess immunological status and baseline risk, particu-
larly for opportunistic infections. It is however unclear
whether CD4 testing practice has changed over time. We
therefore set out to use two novel databases to analyse
trends in baseline CD4 at clinical presentation in South
Africa and to assess whether baseline CD4 count testing
has declined in the UTT era and, if so, by how much.

Methods

Study population and data sources

The study population consisted of individuals of all ages
seeking care within the public sector HIV programme in
five provinces where data were available for this study:
Gauteng (excluding the city of Johannesburg), Limpopo,
Mpumalanga, Northern Cape and KwaZulu-Natal, from
January 1, 2004, through March 31, 2018 (with the excep-
tion of KwaZulu-Natal province which was integrated
into the NHLS database in 2010).

We used two cohorts for this analysis, the NHLS
National HIV Cohort and the TIER.Net cohort, as each
has unique strengths and weaknesses to answer our
primary questions. The NHLS National HIV Cohort
includes the laboratory data of nearly all individuals
receiving HIV care in the public sector since 2004 [18].
Using an anonymized unique patient identifier previously
developed and validated, all individuals can be followed
longitudinally through their laboratory results as they
progress through the HIV care and treatment cascade
[18]. Data from the NHLS has recently been dedupli-
cated to create a National HIV Cohort database allowing
the identification of the first CD4 entry for individuals
appearing in the NHLS data. Using this NHLS Cohort,
it is possible to identify individuals’ first CD4 count.
A strength of this cohort for our purposes is that it has
complete laboratory data. A limitation is that it only
includes laboratory data and does not include patient
visit data.

TIER.Net is national HIV care and treatment monitor-
ing database, utilized in direct patient management by all
facilities nationally. TIER.Net contains all HIV-TB asso-
ciated patient visit information, including ART initiation,
prescriptions, and medicine collections [19]. While TIER.
Net provides a rich source of cross-sectional and longitu-
dinal routine ART data, there is currently no integrated
national TIER.Net database. TIER.Net has collected data
prospectively since 2011, and paper records were back-
captured into TIER.Net from the start of the national
HIV programme in 2004 through 2015. A strength of
this cohort is that we can easily identify when ART initia-
tion occurs. A limitation of TIER.Net is that it has only
recently (since 2015) started capturing clinical data for
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individuals on ART [20] [19]. Because first CD4 counts
were historically obtained prior to ART initiation (now
on the same day of entry into care), TIER.Net has gaps
in first CD4 counts. TIER.Net data back-capture, which
occurred after 2015, introduces distortions in the esti-
mates of patient numbers and CD4 testing. These gaps
in the TIER.Net database mean that it may underreport
the true number of individuals entering care and those
receiving CD4 tests, particularly in earlier periods.

Outcomes measures

Our primary outcome measure was “first CD4 count’,
defined as the first CD4 test for each patient within each
database. As national guidelines specify CD4 testing at
clinical presentation, we interpret the date of a individu-
als’ “first CD4 count” as the date of entry into care. In the
UTT era, this is typically at ART initiation, whereas prior
to the UTT era, this could be substantially before ART
initiation. However, not all individuals entering care have
a CD4 count. Although we do not observe these indi-
viduals in the NHLS data, we may observe them in TIER.
Net. We defined “date of clinical presentation” as the first
of the following dates in TIER.Net: HIV diagnosis date,
first visit date or first CD4 count date.

Statistical analysis

We assessed the number of individuals with a first
CD4 count of the NHLS and TIER.Net databases.
We used descriptive statistics to summarize baseline
characteristics of individuals, categorizing the initial
CD4 count values into four groups (0-199, 200-349,
350-500,>500) and calculated median age across
three distinct time periods (2004-2010, 2011-2014,
2015-2018). The 2004-2010 period is grouped together
due to the stability in HIV treatment guidelines dur-
ing these years, with the CD4 eligibility threshold set at
200 cells/mm?, This phase reflects the early ART pro-
gramme expansion, and further splitting would offer
limited value while reducing statistical power. Later
periods (2011-2014, 2015-2018) reflect significant
policy changes, such as adjustments to CD4 thresholds
and the introduction of UTT, justifying separate analy-
sis. We compared data on first CD4 counts between the
NHLS and TIER.Net databases, as well as total num-
bers of individuals entering HIV care within TIER.Net
(with or without a CD4 count) in the same period. We
then assessed changes in first CD4 count volumes with
the implementation of UTT in September 2016. For
each database, we calculated and plotted the monthly
average of daily counts of individuals with a first CD4
test over the period from March 2015 to March 2018.
Comparing estimates from NHLS and TIER.Net offers
valuable insights into the consistency of data across
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different health information systems. Discrepancies
may highlight areas for improving data collection and
integration, while similarities reinforce the reliability of
these systems. This comparison can also shed light on
the coverage and quality of HIV-related services, indi-
cating whether laboratory diagnostics align with treat-
ment and management. To account for the incomplete
data in TIER.Net, we calculated the proportion of indi-
viduals receiving a first CD4 count relative to the total
number of individuals entering care. To address poten-
tial underreporting, we adjusted these proportions by
multiplying with ratio NHLS-TIER.Net first CD4 ratio.

To measure the impact of the UTT policy on first CD4
count volumes, we performed a linear regression inter-
rupted time-series (ITS) analysis by analysing changes in
the first CD4 count before and after UTT for each data-
base ( NHLS and TIER.Net) [21]. By fitting the model
independently to each dataset, we aimed to avoid con-
founding from structural differences between the data-
bases and to ensure that trends in CD4 testing volumes
were appropriately analysed within the context of each
dataset’s unique characteristics. This also allowed us to
assess the impact of the Universal Test and Treat (UTT)
policy on CD4 testing trends in each database indepen-
dently, providing a more robust understanding of how
CD4 testing has changed over time in both the NHLS
laboratory and TIER.Net clinical settings. This approach
leverages a continuous time variable, a binary indicator
for the policy change (UTT) and interaction terms that
account for the dynamic shifts over time due to the UTT
policy.

The form of our interrupted time series is based on a
linear model:

Y: = Bo + B1 - Time + By - Treatment + €;

where Y, is first CD4 count at time ¢, Time is a continu-
ous variable coded in months starting from 18 months
pre UTT (denoted -18 months) and increasing until 18
months post UTT, and Treatment is a binary indicator
variable that is 0 before UTT and 1 after UTT and repre-
sents the effect of UTT on first CD4 counts.

To adjust for prior trends in first CD4 counts in the
pre-UTT era, we fit linear regression models to the pre-
UTT-period data (from 18 months before UTT adoption
until September 2016). Adjusting for prior trends means
accounting for the CD4 testing patterns that were occur-
ring before UTT, which are critical for an interrupted
time-series (ITS) analysis. This adjustment allows us to
compare pre- and post-UTT trends accurately and iso-
late the specific impact of UTT. All statistical analyses,
including the interrupted time-series (ITS) analysis, were
conducted using STATA 18 (StataCorp, College Station,
TX, USA). The analytic codes used for statistical analyses
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in this study are publicly available at https://github.com/
cnattey/CD4-trends-analysis/tree/main[22].

Results

We analyzed data from 5,274,218 individuals in the
NHLS cohort and 2,265,557 individuals in the TIER.
Net cohort with a first CD4 count from 1724 facilities
in 5 South African provinces between January 2004 and
March 2018 (Table 1).

Primary healthcare facilities constituted the major-
ity of facilities (58.5% in NHLS and 66.6% in TIER.Net).
The demographics of individuals with a first CD4 count
were similar in the two databases: median age was 33
(IQR: 26, 44) years in NHLS and 33 (IQR: 27, 41) years in
TIER.Net. The proportion of females was 65% in NHLS
and 66% in TIER.Net. However, the first distribution of
first CD4 counts in the NHLS database had many more
individuals earlier in disease progression than in TIER.
Net: 34% of individuals in NHLS and 48% in TIER.Net
presented with a CD4 count<200 cells/pl, and 23% of
individuals presented with a CD4 count>500 cells/pl in
NHLS, while this proportion was 12.4% in TIER.Net.

Page 4 of 11

Trends in the number of individuals with a first CD4 count
Within the NHLS, the number of individuals with a first
CD4 count increased from 47,604 in 2004 to 383,705 in
2010. After 2010, decreasing trends were observed and
persisted into the UTT era (Fig. 1) until 2018. TIER.Net
data, which were back-captured in the early years of the
treatment program, lagged behind the NHLS through-
out the entire period. However, numbers in TIER.Net
approximately tracked those in NHLS starting in 2015.
Back-capturing can compromise the accuracy and reli-
ability of the data especially if recording is incomplete or
patient files are lost. This can result in inconsistencies,
errors and gaps in TIER.Net data. In both databases, first
CD4 testing volumes fell by about 26% from August 2016,
a month before UTT, to March 2018 within the five prov-
inces (Fig. 1).

Changes in CD4 monitoring with “Universal Test and Treat”
in five South African provinces: regression estimates

We examined CD4 monitoring changes 18-month
post-UTT adoption and the proportion of individuals
entering care with a first CD4 count, and the results
are presented in Table 2. Overall, first CD4 volumes

Table 1 Characteristics of the individual with first CD4 count in TIER.Net and NHLS 2004-2018

2004-2010 2011-2014 2015-2018
NHLS TIER.Net NHLS TIER.Net NHLS TIER.Net
Total entering care 558,106 1,138,518 1,342,226
Total number of individual with a first 2,018,475 414,553 2,079,594 915,360 1,176,149 935,644
CD4 count
Gender
Female 1,384,525 (68.6%) 275,185 (67.4%) 1,348,929 (64.9%) 603,231 (65.9%) 713,797 (60.7%) 616,375 (65.9%)
Male 603,734 (29.9%) 139,368 (33.6%) 693,424 (33.3%) 312,129 (34.1%) 439,696 (37.4%) 319,269 (34.1%)
Missing 30,216 (1.5%) 37,241 (1.8%) 22,656 (1.9%)
Age
Mean, (SD) 33.0(11.6) 349(11.9) 33.7(11.8) 342(11.2) 343(11.7) 34.0(10.7)
Median, (IQR) 32 (26 to 40) 34 (28t041) 33(27to41) 33(28t041) 33(27t041) 33 (27 t0 40)
Total number of facilities 1724 1724 1724 1724 1724 1724
First CD4 by facility type
Community health care centre (CHC) 238932 (11.8%) 56,694 (13.7%) 263,227 (12.7%) 121,052 (13.2%) 151,816 (12.9%) 133,935 (14.3%)
Primary health care (PHC) 1,060,301 (52.5%) 155,150 (37.4%) 1,274,472 (61.3%) 639,673 (69.9%) 748,932 (63.7%) 714,798 (76.4%)
Hospitals 719,242 (35.6%) 202,709 (48.9%) 541,895 (26.1%) 154,639 (16.9%) 275401 (23.4%) 86,911 (9.3%)
First CD4 count categories
<200 796,655 (39.5%) 301,349 (77.2%) 679242 (32.7%) 447,524 (50.5%) 365972 (31.1%) 304,999 (33.3%)
200-350 1,406 (23.9%) 56454 (14.5%) 503,974 (24.2%) 300,224 (33.9%) 268,612 (22.8%) 230,143 (25.1%)
>350-500 323 218( 6.0%) 15,314 (3.9%) 387,324 (18.6%) 69,414 (7.8%) 218413 (18.6%) 195,469 (21 3%)
>500 417,196 (20.7%) 16,997 (4.4%) 509,054 (24.5%) 69,135 (7.8%) 323,152 (27.5%) 186,121 (20.3%)

Note and definitions: The table shows characteristics of individuals with first CD4 count captured in two databases “TIER.Net” and the “NHLS’ across three distinct time
period periods (2004-2010, 2011-2014, 2015-2018). Back-capturing of TIER.Net data which started in 2015 accounts for the distortion in our estimates of TIER.Net
compared to NHLS. The total number of individuals with a first CD4 count represents 74.5% of the total number of individuals with a record (enter care). Total entering
care is the total number of patient records only available in TIER.Net. Total number of individuals with a first CD4 count is the total number of individuals with a first
CD4 count in TIER.Net out of the total number of individuals records (entering care). SD is the standard deviation. Median (IQR) is the median and interquartile range
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Fig. 1 Trends in number of individuals diagnosed with HIV in the public sector with first CD4 count by quarterly calendar period from January 2004

to March 2018 in NHLS and TIER.Net in four provinces of South Africa

Table 2 Changes in CD4 monitoring with “Universal TestandTreat”in five South African provinces: regression estimates from March

2015 to March 2018

Dependent Total no.of Mean, Mean, Mean change Mean change post-UTT, adjusted for pre-trend
variable individuals 18-month pre- 18-month post- from pre- to post-

UTT (A) UTT (B) UTT (B)-(A) 0-18 months 0-6 months 7-18 months
Daily no. of first 1,100,064 1049 910 —-139 (=201 32(-6t061) —13(-971t090) 58(-0to 117)
CD4s (NHLS) to—78)
Daily no. of first 877,565 803 758 —-45(-123t033) 88(30t0 148) 181 (5110 310) 35(-181t087)
CD4 (TIERNet)
% of individuals 80.0% 73.2% 59.7% —134% (- 145 —-43% (=5.2 —-0.6% (1.9 —-64% (-7.3
presenting for care to—12.4%) to—3.0) to 0.5%) to—5.5)

(TIER.Net)

Note and definitions: The table shows linear regression models’ coefficients for indicator variable of 18-month pre-UTT and 18-month post-UTT per day. Main
outcome was the number of “first CD4” count in a day. Adjusted post-UTT regression coefficient stratified by different post-UTT periods (0-18 months, 0-6 months and
7-18months) is also shown. UTT, Universal test and treat, 18-month pre-UTT and 18-month post-UTT, 18-month pre- and post-UTT, daily linear regression coefficient
of indicator variable of pre-UTT and post-UTT. Daily no. presenting (NHLS) is the total number of individuals who presented in care within NHLS. Daily no. first CD4
count (TIER.Net) is the total number of individuals with a first CD4 count in .Net, % of individuals presenting for care (TIER.Net) is the percent of patient records in TIER.

Net that had a CD4 count recorded

after UTT adoption decreased within the NHLS by
an average 139 individuals per day [95% confidence
interval (CI):—78 to—201]. After adjusting for the
pre-UTT trend, we saw a modest increase of an aver-
age 32 individuals per day (95% CI: 32 (— 6 to 61)) after
UTT (Table 2). The average of 32 individuals per day
refers to the increase in the number of individuals
receiving a first CD4 count per day across all facilities
within the NHLS database, following the implementa-
tion of UTT. This figure represents the estimated daily
increase in CD4 testing volumes, averaged across the

entire dataset, rather than being specific to individual
facilities.

In TIER.Net we saw an increase in first CD4 testing
volumes after UTT adoption by an average 88 individuals
(95% CI:—16 to 210) per day after adjusting for the pre-
UTT trend (Table 2).

The proportion of people entering care post-UTT
who had a CD4 count test done decreased by an aver-
age 13.4% on a monthly basis (95% CI: — 14.5 to — 12.4%)
(Table 2). After adjusting for pre-UTT trends, there was
a marginal decrease of an average 4.3% (95% CI:—5.2
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to—3.0) in the share of people entering care who had
a CD4 count done. A decline in number of first CD4
counts done post-UTT is visible in the TIER.Net data,
but numbers were relatively stable in NHLS (Fig. 2).
Thus, the decline in the proportion of TIER.Net indi-
viduals with a CD4 count could reflect increased
underreporting of laboratory data in TIER.Net in the

500 750 1000 1250

Number of patients

250

o
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UTT era (Fig. 3). If we adjust for the ratio of first CD4
counts in NHLS to TIER.Net, the share of people enter-
ing care who had a CD4 count declines by only 21.1%
with UTT (Fig. 4). This adjustment highlights discrep-
ancies between the two datasets, particularly under-
reporting of CD4 counts in TIER.Net. Therefore, the
21.1% decline reflects the proportion of individuals

— TIER

March 2016

March 2017 March 2018

Date of first CD4 count
Fig. 2 Average number of new individuals (per day) with a first CD4 count in NHLS and TIER.Net databases from March 2015 to March 2018.The
grey bar indicates the implementation of the Universal Test and Treat (UTT) policy in September 2016
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Fig. 3 Percent of patient records in TIER.Net that had a CD4 count recorded from March 2015 to March 2018.The grey bar indicates
the implementation of the Universal Test and Treat (UTT) policy in September 2016
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March 2016

March 2017 March 2018

Date of first CD4 count
Fig. 4 Adjusted percent of patient records in TIER.Net that had a CD4 count recorded from March 2015 to March 2018. The grey bar indicates
the implementation of the Universal Test and Treat (UTT) policy in September 2016

whose CD4 count was documented in TIER.Net rather
than an actual clinical reduction in CD4 testing.

Comparison of distribution of CD4 counts (2015-2017)

in NHLS and TIER.Net

We compared distribution of first CD4 distribution
within NHLS and Tier.Net using kernel plots (Addi-
tional file 1: Fig. S3). The NHLS data shows that the CD4
count distributions for 2015, 2016, and 2017 are similar,
with minimal variation across the years. The peak den-
sity occurs around 50-100 cells/pL, indicating that a
large proportion of individuals are presenting with very
low CD4 counts (severe immunosuppression) during
this period. The distribution has a long tail, extending
to higher CD4 counts, but there is little indication of a
significant shift in distribution between the 3 years. This
suggests that NHLS data shows consistent patterns in
terms of CD4 count distribution at presentation, with no
substantial improvement or worsening over time.

The TIER.Net data displays a more pronounced vari-
ation between the years, particularly between 2015 and
2016. The peak density for 2015 is higher than for 2016
and 2017, especially in the low CD4 count range (0-200
cells/pL), indicating that more patients had severe
immunosuppression in 2015 compared to subsequent
years. There is a noticeable shift in the distribution in
2016 and 2017, suggesting a slight improvement, as the
curve flattens for higher CD4 counts (200-600 cells/uL).
This might indicate that after UTT introduction, more

individuals are being diagnosed earlier, thus presenting
with higher CD4 counts.

The data shows a consistent pattern across 2015-2017
within the NHLS, with a large proportion of individu-
als having low CD4 counts at presentation. There is little
variation between the years. TIER.Net: There is a more
noticeable shift over time, particularly with fewer indi-
viduals having very low CD4 counts after 2015. This sug-
gests some positive impact of UTT in identifying patients
earlier, as reflected by the increase in CD4 counts.

Discussion

In this study, we assessed trends in first CD4 count
testing from five provinces in South Africa between
January 2004 and March 2018. We also compared the
number of first CD4 counts in the 18 months after UTT
to 18-month pre-UTT per day after adjusting for pre-
trends. The decline in number of CD4 counts done post-
UTT is visible in the TIER.Net data, whereas numbers
were stable in NHLS, with any decline fully consistent
with pre-trends going back years. There was no evidence
of substantial decline in CD4 count monitoring after
adjusting pre-trends in the UTT era.

A recent study at 17 public sector primary care clin-
ics in rural South Africa between July 2014 and March
2019 [23] found that the proportion of individuals with-
out baseline CD4 counts increased over time, particularly
after the policy change to UTT. A large proportion of
individuals had advanced HIV at ART initiation despite
the eligibility expansion in the same study. Similarly, in
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our study, we found that 34.9% of individuals presented
with advanced HIV disease (CD4 count<200 cells/pl) at
ART initiation. This aligns with observations from other
studies in the region, suggesting that the removal of CD4
criteria for ART eligibility has not fully addressed the
challenge of late presentation for care [24]. The persis-
tence of late-stage disease at initiation, despite expanded
ART eligibility, points to the need for continued efforts
in improving early diagnosis, linkage to care, and engage-
ment with HIV services. Two other studies in Southern
Africa using regression discontinuity design found first
CD#4 testing slightly increased in Zambia but decreased
substantially with UTT in Malawi and moderately in
Mozambique, with no effect in Lesotho or Zimbabwe
[11] [25]. Several factors may explain these trends in
decrease in first CD4 count after the adoption of the
UTT policy. First, in the pre-UTT era, ART eligibility
was determined by CD4 thresholds [<200 cells/mm?® up
to 2010 [26], <350 up to 2013 [10] [27]], requiring repeat
CD4 tests to monitor patients who were not yet eligible
for ART. However, with the introduction of UTT, repeat
testing for ART eligibility became unnecessary, leading to
a decrease in overall CD4 testing volumes, as observed in
our study and others from the region [13]. Second, fol-
lowing UTT implementation, health workers may have
selectively conducted CD4 tests for patients perceived to
be at higher risk of advanced disease, focusing on those
with signs of severe immunosuppression. This selective
approach likely reduced the overall increase in CD4 test-
ing volumes under UTT, as CD4 tests were concentrated
on those with clinical indications rather than performed
universally. This pattern of reduced CD4 testing volumes
post-UTT is consistent with findings from other stud-
ies in Southern Africa [12], which also observed declines
in CD4 testing following the policy shift, particularly as
viral load monitoring gained prominence and repeat CD4
testing for ART eligibility was no longer necessary. Third,
lack of staffing and other resource shortages may have
limited timely implementation of the UTT policy due to
limited training or competing clinical priorities [28] [29].
Additionally, variations in healthcare infrastructure and
resource allocation across facilities could have influenced
the consistency of CD4 testing. South Africa’s relatively
strong investment in domestic funding for HIV services
may have mitigated the sharp declines in CD4 testing
seen in other countries reliant on external donors [17].
Furthermore, broader shifts in HIV management, par-
ticularly the increased emphasis on viral load monitoring,
could have reduced reliance on CD4 testing, though it
remains essential in resource-limited settings to monitor
immunological status and guide interventions for oppor-
tunistic infections. Competing health priorities, such as
tuberculosis control or economic constraints, may have
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further impacted CD4 testing availability during this
period [30]. The expected impact of UTT was an increase
in baseline CD4 testing due to the demand for immedi-
ate ART initiation for all HIV-positive individuals [23]. A
notable trend in this study is the decline in CD4 testing
that began before the introduction of UTT, which sev-
eral factors could have contributed to this earlier decline,
including a shift towards prioritizing viral load monitor-
ing, healthcare worker shortages, and evolving clinical
priorities in HIV care [31]. These factors may have influ-
enced testing volumes prior to UTT and could have per-
sisted or evolved during the UTT era. Understanding the
role of these pre-existing trends is critical for interpreting
our results. By adjusting for pre-UTT trends in our sta-
tistical model, we aimed to isolate the specific impact of
UTT on CD4 testing, ensuring that the observed changes
were not simply a continuation of broader, ongoing shifts
in HIV care practices.

We found that TIER.Net first CD4 testing data showed
fewer individuals with a first CD4 count than the NHLS
data until 2015, after which volumes were similar,
although some gaps still do persist between the two data
sources. A recent study, highlighting challenges with
tracing individuals on antiretroviral therapy who are
late for clinic appointments in rural South Africa [20],
reported that what appears in TIER.Net does not always
reflect what is captured in patient files suggesting data
documentation and record-keeping challenges.

Finally, a number of important limitations need to be
considered when interpreting our results. Firstly, data
analysed are until 2018, and we were unable to extend the
analysis beyond this period. Since then, there may have
been significant changes in HIV care, including updates
to ART protocols and CD4 testing practices, which could
impact the trends observed in this study. These changes
may have introduced new dynamics in CD4 testing pat-
terns, which we were unable to capture. Future research
should aim to incorporate more recent data to reflect
these developments and provide a more up-to-date
understanding of CD4 testing trends in the context of
evolving HIV care. Secondly, first CD4 count recorded
may not reflect the true baseline CD4 count, particu-
larly if there are delays between diagnosis and entry into
care. This could lead to misclassification of individuals’
baseline immunological status and an underestimation
of the proportion of individuals with advanced HIV dis-
ease. Consequently, our interpretation of trends in CD4
testing and advanced disease may be affected, poten-
tially masking the full extent of late presentation for care.
Thirdly, this study uses observational design, which does
not account for other concurrent changes in the health-
care system that may have coincided with the imple-
mentation of UTT and influenced CD4 testing. Without



Nattey et al. BMC Global and Public Health (2025) 3:2

controlling for these external factors, the findings may
be affected by broader shifts in HIV care or other policy
changes during the study period. Fourthly, our study did
not account for differences in the level of care or access to
laboratory testing that may vary across and within prov-
inces as a result of different facility types and locations.
Fifthly, we observed substantial differences between the
NHLS and TIER.Net databases. While we attempted to
account for these discrepancies by adjusting the TIER.
Net data using the NHLS ratio, this simple adjustment
only partially addresses the challenges. TIER.Net relies
on manual data entry, which often results in missing or
incomplete records, and its coverage may not be as com-
prehensive as the NHLS laboratory data. Consequently,
the differences in data structure and reporting between
the two databases limit the effectiveness of this adjust-
ment, and it does not fully correct for the inadequacies
of TIER.Net. This underscores the need for more robust
data integration to ensure accurate comparisons of CD4
testing trends between the two sources. Lastly, while
interrupted time series (ITS) is a robust method for
assessing the effects of interventions over time, it has sev-
eral limitations. First, ITS cannot account for all potential
confounders that may influence the outcome during the
study period, such as concurrent policy changes or shifts
in healthcare infrastructure that could have affected CD4
testing independently of UTT implementation. Second,
ITS assumes that trends before the intervention would
have continued unchanged without the intervention,
which may not always hold true. External factors such
as changes in resource allocation, staffing, or diagnos-
tic capacities may also have contributed to the observed
trends. Finally, although ITS adjusts for pre-existing
trends, it cannot fully address unmeasured variables that
might influence outcomes, limiting the ability to defini-
tively attribute changes solely to the introduction of UTT.
CD4 count test remains an important marker of the
immunological status for newly diagnosed HIV individu-
als and at the same time an important tool in predicting
future HIV-related morbidity [3] [4]. While the observed
first CD4 count decreasing trends in the both the NHLS
and TIER.Net databases may be due to decreasing num-
ber of individuals entering into care [32] [33] and not
changes in clinical practice, the need to re-emphasize the
upscaling of first CD4 count uptake must be considered.

Conclusions

The decline in number of CD4 counts done post-UTT is
visible in TIER.Net data, but numbers were stable in the
NHLS, with any decline fully consistent with pre-trends
going back years. However, many of these results are not
making it into TIER.Net, which may be driving the mis-
perception that CD4 testing stopped. Falling test volumes
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since 2011 may reflect falling numbers of people entering
HIV care over time, rather than changes in clinical prac-
tice. Integrating NHLS and TIER.Net data electronically
may help reduce observed gaps in the two data sources.
Nonetheless, the finding of these study is primarily appli-
cable to South Africa and should be interpreted with
caution, and further research using more recent data is
necessary to fully understand the long-term trends in
CD4 testing post-UTT.
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