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Baseline CD4 testing rates declined from 73% to 21% be-
tween 2013 and 2018 with adoption of “Treat All” in Uganda.
Advanced human immunodeficiency virus (HIV) disease (CD4
count <200 cells/pL) remained common (24% of those tested
in 2018, 83% of whom had World Health Organization stage I/
II disease). Despite frequent presentation with advanced HIV
disease, CD4 testing has declined dramatically.
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In 2017, there were an estimated 19.6 million people living with
human immunodeficiency virus (PLWH HIV) in sub-Saharan
Africa (SSA), with less than two-thirds receiving antiretroviral
therapy (ART) [1]. The introduction of ART has significantly
reduced mortality associated with HIV globally including
within SSA [2]. Previous guidelines on when to initiate ART
among PLWH used CD4 T-cell count thresholds [3]. In 2015,
the World Health Organization (WHO) recommended ART in-
itiation for all PLWH regardless of CD4 count, or a “Treat All”
strategy [4], with further recommendations for ART initiation
within the same week [5]. These guidelines were intended to re-
duce barriers to ART initiation, reduce morbidity and mortality,
and reduce the risk of ongoing HIV transmission. The Treat All
strategy was launched in Uganda in December 2016 [6], with
continued baseline CD4 count assessment recommended prior
to ART initiation as in WHO guidelines [4].
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While the Treat All approach reduces barriers to starting
ART, recommendations to initiate ART regardless of CD4 cell
count may lead to reductions in evaluation of baseline CD4
T-cell count. Baseline CD4 testing remains the best way to
gauge degree of immunosuppression, to guide early screening
and prophylaxis for clients at greatest risk of serious oppor-
tunistic infections (OIs) and death, and to monitor immune
reconstitution in the large proportion of patients still pre-
senting with advanced HIV/AIDS (CD4 <200 cells/uL) [5].
Interventions that reduce mortality in individuals with ad-
vanced HIV/AIDS include cryptococcal antigen screening and
preemptive fluconazole for the prevention of cryptococcal men-
ingitis [7], intensified tuberculosis (TB) screening including
point-of-care lipoarabinomannan and sputum assessment
[8, 9], and co-trimoxazole prophylaxis to reduce incidence of
Pneumocystis pneumonia and severe bacterial infections [10].
Routine clinical evaluation has poor accuracy in determining
those with low CD4 counts who would benefit from differenti-
ated management for advanced HIV including prevention and
early diagnosis of common OlIs [11, 12].

We evaluated changes in baseline CD4 testing over time in-
cluding following rollout of Treat All in Uganda at the end of
2016 as well as factors associated with baseline CD4 assessment
following Treat All adoption.

METHODS

Study Setting

The study was conducted at 6 urban public health facilities in
Kampala, Uganda, in adults (age > 16 years) initiated on ART
during 2013-2018. CD4 testing is available in 1 facility using
BD Facscount (BD Biosciences, San Jose, California), and Alere
Pima (Abbott, Lake Bluff, Illinois) testing is available at all facil-
ities with same-day results.

Study Design and Analysis
We performed a cross-sectional study using routine clinical data
from the Uganda electronic medical record system. Variables in-
cluded sex, age, point of entry into care, and baseline body mass
index (BMI), suspicion for TB disease, and WHO clinical stage.
We evaluated client characteristics using descriptive sta-
tistics. The proportion starting ART who had documented
baseline CD4 testing by quarter was plotted and single-group
interrupted time-series analysis performed using ordinary least
squares regression with Newey-West standard errors to evaluate
temporal changes [13]. No autocorrelation terms were added,
informed by the Cumby-Huizinga test. In clients receiving
testing, we evaluated the proportion with advanced (CD4 count
<200 cells/uL) and very advanced (CD4 count <100 cells/uL)
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HIV by year. Logistic regression was used to assess whether
WHO clinical stage 3 or 4, baseline TB suspicion, or being un-
derweight (BMI <18.5 kg/m”) were associated with baseline
CD4 assessment adjusting for sex, age, and point of entry. Alpha
was set at <.05. Analyses were performed using Stata version
13 software (StataCorp, College Station, Texas). Ethics approval
was obtained from the School of Health Sciences Research
Ethics Committee at Makerere University College of Health
Sciences.

RESULTS

A total of 42672 adults were initiated on ART during
2013-2018; 25% (10784/42672) were male and median age
was 29 years (interquartile range [IQR], 24-35 years). Main
points of clinic entry were the medical outpatient department
(55% [22054/40193]) and prevention of mother-to-child trans-
mission services (26% [10450/40193]). From 2013 through
2018, 58% (24784/42672) had baseline CD4 assessment with
a median CD4 count of 342 cells/uL (IQR, 195-490 cells/uL);
26% (6331/24784) had advanced and 13% (3280/24784) very
advanced HIV/AIDS. Seven percent (2751/37355) with base-
line WHO clinical staging were stage 3 or 4, including 17%
(940/5606) with a CD4 count <200 cells/uL and 22% (629/2913)
with a CD4 count <100 cells/uL.

The proportion of new clients with baseline CD4 assess-
ment declined from 73% (1469/2005) in quarter 1 of 2013 to
21% (192/909) in quarter 4 of 2018 (Figure 1). Before Treat All,
baseline CD4 T-cell count assessment declined marginally from
quarter 1 of 2013 to quarter 4 of 2016 (-0.5% per quarter; 95%
confidence interval [95% CI], —.9 to —.2; P = .009), with a de-
cline in testing in quarter 1 of 2017, immediately after adop-
tion of Treat All (-17.8%; 95% CI, —33.4 to —2.2; P = .027),
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Figure 1. Trends in baseline CD4 T-cell count assessment in clients initiating
antiretroviral therapy during 2013-2018, by quarter. The dotted vertical line repre-
sents quarter 1 of 2017 after Treat All was implemented. Dates are presented on
the x-axis by the year followed by quarter (q).

and subsequent decline through quarter 4 of 2018 (-3.5% per
quarter; 95% CI, -6.2 to —.8; P = .013). Among clients with
baseline CD4 assessment, in the years 2013 and 2018 the pro-
portions with advanced HIV were 29% (1278/4444) and 24%
(420/1737), and with very advanced HIV 14% (635/4444) and
12% (216/1737), respectively.

After adoption of Treat All, clients who received baseline
CD4 assessment were similar to those without in age and base-
line BMI. Similar proportions with and without baseline CD4
assessment had suspected TB (6% [318/5274] vs 5% [433/9301]
and underweight (9% [131/1449] vs 10% [400/4131]), but cli-
ents with baseline CD4 assessment were less likely to have
WHO clinical stage 3 or 4 disease compared to those without
(6% [306/5005] vs 9% [704/8068]). Suspected TB (adjusted
odds ratio [aOR], 1.29; 95% CI, 1.11-1.50; P = .001) was associ-
ated with greater receipt of baseline CD4 assessment and WHO
stage 3 or 4 disease with lower likelihood (aOR, 0.66; 95% CI,
.57-.76; P < .001), while being underweight was not associated
with testing (aOR, 0.99; 95% CI, .80-1.22; P = .92).

DISCUSSION

From a programmatic assessment of > 40000 clients initiating
ART in 6 urban clinics in Uganda, we provide important insights
into the impact of the HIV Treat All strategy on CD4 testing.
A dramatic decline in baseline CD4 assessment was observed
following the adoption of Treat All, dropping from almost three-
quarters of clients starting ART in 2013 to less than one-quarter
by the end of 2018. Furthermore, of clients who received base-
line CD4 assessment, the proportion with advanced HIV/AIDS
(CD4 <200 cells/pL) declined only marginally: One-quarter
of those with a baseline CD4 in 2018 had a CD4 count <200
cells/pL, in line with other findings in the region [14, 15]. It is
possible that selective baseline CD4 assessment could, in part,
explain this ongoing large proportion of clients with advanced
HIV disease. However, the overall lack of CD4 testing and simi-
larities between clients who received and did not receive base-
line CD4 assessment suggest instead that clinics are prioritizing
rapid ART initiation with frequent missed opportunities to pro-
vide differentiated care to clients with advanced HIV/AIDS in
greatest need for OI screening and prophylaxis.

Our findings highlight the poor sensitivity of WHO clinical
staging alone in identifying clients in need of OI screening and
prophylaxis. Even under standardized clinical trial conditions
of patients with advanced HIV [7, 11], a significant proportion
of PLWH initiating ART have stage 1 or 2 disease. Under rou-
tine care settings in Uganda, we found that 83% of individuals
with a baseline CD4 T-cell count <200 cells/pL and 78% with a
CD4 <100 cells/pL were initially assessed as having stage 1 or 2
HIV disease, with few if any clinical manifestations of advanced
immunosuppression. Surprisingly, following adoption of Treat
All, WHO clinical stage 3 or 4 was associated with a lower
likelihood of receiving baseline CD4 testing after adjusting
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for other factors (aOR, 0.66; P < .001). Initial suspicion for TB,
however, was associated with greater completion of CD4 testing
(aOR, 1.29; P = .001), in line with clinical care guidelines re-
commending TB screening for all and delayed initiation of
ART up to 8 weeks after starting anti-TB therapy in individ-
uals with prevalent TB disease [4]. As baseline CD4 testing is
essential for guiding differentiated care, our findings suggest a
need for routine rapid CD4 assessment, ideally using point-of-
care testing, or better algorithms for determining the likelihood
of advanced immunodeficiency where rapid CD4 testing is not
readily available.

There were limitations to this study. We used routinely col-
lected clinic data that may have errors. To minimize these, data
were reviewed by a data collection team for completeness prior
to analysis. Second, detailed reasons for lack of CD4 testing
after Treat All rollout were not captured, including healthcare
providers’ knowledge of the continued need for baseline CD4
assessment or issues with CD4 assay stockout or machine mal-
function. Third, as an exploratory analysis of routinely collected
data, we did not capture more detailed information on differ-
ences between clients who received and did not receive baseline
CD4 assessment, instead focusing on clinically relevant baseline
factors. Finally, our study was limited to urban clinic settings
in Kampala, Uganda, and may not be broadly generalizable
throughout SSA.

In conclusion, a steep decline in baseline CD4 testing was
observed following national Treat All adoption. As CD4 count
determination is essential in determining clients with advanced
HIV and low pre-ART CD4 count remains common, oppor-
tunities are missed to reduce early mortality after starting ART
through targeted screening of opportunistic infections and pre-
ventive therapy. Health systems should prioritize rapid baseline
CD4 assessment to reduce early mortality in clients accessing
ART services.
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