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Background: Cameroon adopted and started implementing in 2016, the ‘universal test and treat’ (UTT) guidelines to
fast-track progress towards the 95-95-95 ambitious targets to end the HIV epidemic. UTT has shown inconsistent
results elsewhere and has not yet been assessed in Cameroon. We aimed to evaluate the effectiveness of this novel
approach on the quality of care and health outcomes of people living with HIV (PLHIV).
Methods: A retrospective cohort design was conducted at The Nkongsamba Regional Hospital, using routine clinical
service delivery data to measure uptake levels of UTT and CD4 testing, and to compare the incidence of opportunistic
infections (OI) between PLHIV initiated onART based on the “Universal Test and Treat” strategy and those initiated on
ART based on the standard deferred approach between 2002 and 2020. Kaplan Meier plots and log-rank tests were
used to compare OI events between the pre-UTT and post-UTT eras. The Cox regression model was used to screen
for factors independently associated with the risk of acquisition of OI.
Results: The uptake of UTT ranged from 39.1% to 92.8% while baseline CD4 count testing reduced drastically from
89.4% to 0.4% between 2016 to 2020 respectively. The median delay in ART initiation declined significantly from
21 days (IQR: 9 – 113) in the pre-UTT era to the same day of diagnosis (IQR: 0 – 2) in the UTT era (p < 0.001). The
incidence of all OI events reported was over five times higher during the UTT era than in the pre-UTT era [aHR =
5.55 (95% CI: 3.18 – 9.69), p < 0.001].
Conclusion: The UTT policy has been effectively rolled out and has contributed to improved access to rapid and imme-
diate ART initiation, but a higher incidence of OIs was observed with a rollback of baseline CD4 testing. We advocate
for a return to routine baseline CD4 measurement to identify PLHIV who should benefit from interventions to prevent
OIs for optimal outcomes under the UTT approach.
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1. Introduction

The human immunodeficiency virus (HIV) continues to be a major
global public health problem, having claimed 36.3 million lives out of the
79.3 million people infected with HIV since the start of the epidemic
[1,2]. There is no cure for HIV infection. However, with increasing access
to effective treatment and care, HIV infection has been turned from a rap-
idly fatal infection to a manageable chronic health condition, enabling peo-
ple living with HIV to lead long and healthy lives. At the end of 2020, a
record 27.5 million people living with HIV were receiving antiretroviral
therapy (ART) worldwide representing a more than three-fold increase
since 2010 [2,3]. This steady scale-up of ART has in turn driven down
new HIV infections and global deaths from AIDS (acquired immune defi-
ciency syndrome)-related illnesses to record low levels of 1.50 and 0.68
million people, respectively [2]. As deaths decline faster than new HIV in-
fections, the number of people living with HIV has risen to over thirty-
eight million. The global decline in AIDS-related mortality has largely
been driven by progress in sub-Saharan Africa, particularly Eastern and
Southern Africa (ESA), which is home to 55% of the world’s people living
with HIV. AIDS-related mortality decreased by 43% since 2010 in ESA,
reflecting the rapid pace of treatment scale-up in the region owing to strong
domestic and international investment [2,4]. Unfortunately, HIV responses
in Western and Central Africa (WCA) continue to trail the rest of sub-
Saharan Africa. There were 37% fewer new HIV infections in the WCA re-
gion in 2020 compared with 2010 showing steady progress, but far short
of the 75% reduction agreed upon by the United Nations (UN) General As-
sembly [2]. Consequently, the incidence-to-prevalence ratio in the region
has changed little since 2010: it stood at 0.06 in 2017, twice as high as
the epidemic transition benchmark of 0.03 [2,5]. A priority issue facing
theWCA region is the extremely low coverage of antiretroviral therapy par-
ticularly among children thus the need to bring the region to focus in the
fight against the AIDS pandemic.

In response to this slow progress on the path towards reaching the 95-
95-95 ambitious targets aimed at ending the AIDS epidemic by 2030, a re-
gional catch-up plan has been implemented in the WCA region since 2016
[6,7]. In their 2016-2018 catch-up plan, Cameroon with an HIV prevalence
of 2.7% (500000 PLHIV), adopted and started implementing the ‘universal
test and treat (UTT) approach to fast-track progress towards the 95-95-95
targets [8,9]. Through this universal test and treat approach, ART initiation
immediately after HIV diagnosis is recommended irrespective of the CD4+
T-cell count by the 2016 World Health Organization (WHO) consolidated
guidelines on the use of antiretroviralmedicines for treating and preventing
HIV infection [7]. According to this policy change, CD4 cell counts are no
longer recommended as a requirement to decide when to start ART; and
for patients stable on ART, CD4 cell counts are no longer needed tomonitor
the response to treatment where HIV viral load testing is available on the
other hand. Nevertheless, CD4 remains the best measurement of a patient’s
immune and clinical status, and the risk of opportunistic infections, and
supports diagnostic decision-making, particularly for patients with ad-
vanced HIV disease. Considering the UTT policy, the role of CD4 testing
has becomemore restricted to baseline testing, returning to its original pur-
pose as an essential tool in the assessment of disease progression in patients
and, most importantly, in the timely screening, prophylaxis and proper
management of patients with life-threatening opportunistic infections
(OI). WHO recommends that HIV programmes should retain the capacity
to perform CD4 cell count at baseline to assist in identifying patients with
advanced immune depression who need to start cotrimoxazole prophylaxis
to prevent morbidity and mortality from a variety of bacterial, fungal, and
protozoan opportunistic infections. Similarly, CD4 count at baseline isman-
datory to identify patients with CD4 < 100 cells/mm3 who should be
screened for cryptococcal antigen (CrAg) and the urine lateral flow-
lipoarabinomannan (LF-LAM) assay to assist in the diagnosis of cryptococ-
cal meningitis and tuberculosis (TB) respectively [10]. CrAg, LF-LAM, and
other screening tools are being rolled out to support the timely detection
of AIDS-defining infections. Yet as healthcare providers are pressured to ini-
tiate ART on the same day of HIV diagnosis or as quickly as possible to
2

achieve the second 95, they are ignoring baseline CD4 testing. Phasing
out CD4 count testing may lead to suboptimal outcomes than expected
under UTT because it would fail to timely detect and offer a special package
of care for (asymptomatic) PLHIV with severe immune deficiency who are
at a higher risk of opportunistic infections and immune reconstitution syn-
drome (IRIS) shortly after starting ART [10,11]. The likely consequences of
waiving baseline CD4 count measurement coupled with the rapid expan-
sion of antiretroviral because of rapid UTT uptake is expected to increase
the incidence of ART-driven “unmasked” subclinical infections like tuber-
culosis [12,13]. High incidence rates of notified TB under ART in poor-
resource countries were observed; these cases of TB were likely to include
both undiagnosed pre-existing TB at ART initiation and subclinical TB de-
veloping during the immune reconstitution inflammatory syndrome [14].

Implementing the Test and Treat policy has the potential to reduce the
incidence of HIV infection and related morbidity and mortality yet reports
from previous studies are inconsistent due to context-related issues [15,16].
Few studies have reported the incidence of IO under the UTT policy. In
Ethiopia, a reduction of TB incidence by 75% in the UTT programme com-
pared to the deferred programme was observed [17]. The WCA are once
more trailing the rest of SSA in documenting their experiences in imple-
menting UTT. Though substantial amounts and increasingly high quality
routinely collected data (RCD) are stored by the HIV programmes in WCA
owing to efforts from international partners, they have not been analysed
rigorously to assess the effect of UTT on programme outcomes.

We aim to evaluate the level of uptake of UTT and the effect of this novel
approach on CD4 testing, late presentation, and the detection of opportu-
nistic infections among PLHIV by comparing a cohort of PLHIVwho started
ART under the UTT approach with a cohort who were initiated under the
previous deferred treatment approach. We hope this evaluation would be
an essential tool for determining how well the test and treat programme
in real-life practice is performing to meet the needs of service users and
whether improvements are required.

2. Methods

2.1. Setting

The study was conducted at the HIV Clinic of The Regional Hospital of
Nkongsamba in the Mungo Division of the Littoral Region of Cameroon.
The hospital is a second level of reference public health facilitywith a catch-
ment area of over 321,295 inhabitants. Users of the HIV Clinic come from
the city of Nkongsamba obviously but massively constitute of referrals
from the rural municipalities of Melong, Bare-Bakem, Nlonako, Manjo,
Loum, Njombe-Penja, Mbanga, Bonalea and Dibombari that make up the
Mungo Division; equally from neighbouring rural areas of Bangem and
Tombel in the South-West Region and the rural municipalities of Kekem
and Santchou in the West Region of Cameroon. The clinic was established
in 2005 and offers voluntary HIV counselling and testing (VCT), ART and
limited community outreach services to over 2000 patients on ART. HIV
services are provided by multidisciplinary teams composed of physicians,
health officers, nurses, pharmacy attendants, laboratory technicians, psy-
chosocial/adherence supporters, and data personnel. As of 2016, per the
national ART guideline, PLHIV are immediately linked to an ART clinic
for a confirmatory test, counselling, adherence preparation and rapid ART
initiation - including same-day ART for persons who are ready to start
ART at the first clinical visit in the absence of CD4 testing that would other-
wise delay ART initiation.

Before 2016, The guideline recommended mandatory baseline labora-
tory tests such as CD4 cell count, and haematological, liver and kidney func-
tion tests, if available. ART initiation was deferred (several times) until
eligibility criteria (CD4 threshold, WHO clinical stage) were met.

2.2. Participants

The study included two groups of PLHIV who were newly diagnosed
and started on ART at the study site; those who were started on the same
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day as HIV diagnosis and those who were started days after the initial diag-
nosis based on the deferred approach. Eligible PLHIV for OI surveillance
were ≥15 years old and newly initiated on ART between 2010 and 2021.
Records of ART clients who were initiated while pregnant and who were
transferred in (TI) from another health facility were excluded.

The minimum sample size of 290 participants was determined using
G*Power 3.1 (Universität Kiel, Germany) for cohort studies based on the
difference in cumulative risk (proportions) of OI at the end of the follow-
up period. Statistical assumptions of 95% confidence level, 80% power,
risk of IO of 32.2% taken from a previous study [18], a risk reduction of
50% under UTT, and a 20% adjustment for the incompleteness of medical
records were considered.

2.3. Study design

In the first phase, a chart review was conducted to describe the trend in
uptake of UTT and the trend in CD4 testing using individual patient records
enrolled intoHIV care between 2002 and 2021, to extract their dates of HIV
diagnosis, baseline characteristics including CD4 cell counts, and dates of
ART initiation.

Then a facility-based retrospective cohort design using routine clinical
service delivery data abstracted from facility-basedmedical records was un-
dertaken. From the chart review, PLHIV enrolled up to the year 2016 were
included in the pre-UTT (unexposed or control) group while those enrolled
after the year 2006 were included in the UTT (exposed) group. Based on
days from HIV+ diagnosis to ART initiation, PLHIV were further stratified
into the same-day initiation (SDI) group, rapid initiation group (1 – 7 days)
or the deferred initiation group (8+ days). The groups were then followed
retrospectively up for a period of up to 100 months to compare the inci-
dence of OI between the groups (Fig. 1). An OI was defined as any HIV-
related infection occurring after the start of ART and recorded as a time
to event outcome.

2.4. Data collection and study variables

Data were collected from HIV clinic pre-ART, ART registers, and indi-
vidual patient medical records. The registers are designed by the National
AIDS Control Committee (NACC) for the standardised collection and
reporting of data. We extracted the following independent variables using
a data extraction form: socio-demographic characteristics: date of birth,
gender, place of residence, occupation, religion, alcohol and tobacco con-
sumption, education, and matrimonial status; clinical features including
date of HIV diagnosis, baseline weight and height, and clinical stage at
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Fig. 1. The study
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presentation; treatment-related variables including date of ART initiation,
ART regimen, drug side effects, cotrimoxazole preventive treatment
(CPT), and isoniazid preventive treatment (IPT).

2.5. Data analysis

Data collected were exported to Stata® 15.1 (StataCorp LLC, Texas
77845, USA) for statistical analysis. The data set was explored for logical in-
consistencies, illegal codes, omissions and improbabilities by tabulating,
summarising, describing, and plotting variables. Missing observations
were excluded where they constituted a small random proportion. Sum-
mary statistics were presented as proportions for categorical variables and
as means (standard deviations) for normally distributed continuous vari-
ables or medians (IQR-Interquartile Range) for skewed distributed continu-
ous variables.

Uptake of UTT was defined as the time from the date of an HIV-positive
diagnosis to the date of ART initiation, categorised as follows: same-day ini-
tiation (SDI), 1– 7 days (rapid initiation) and 8+ days (deferred initiation).

To describe the relationship between the uptake of the UTT and base-
line CD4 counts between 2016 and 2022, a scatter plot with the goodness
of fit line is displayed. The coefficients of determination (R2) and correla-
tion (r) were recorded. The median time to ART initiation between the
UTT and standard approaches was compared using Mood’s test for equality
of medians.

The incidence of OI was calculated by dividing all new OI events by the
total person-time at follow-up. To evaluate the impact of UTT on the inci-
dence of opportunistic infections, we plotted and compared Kaplan Meier
curves of cumulative events of OI between the two groups using the log-
rank test. The Cox regression model was used to screen for factors indepen-
dently associated with the risk of acquisition of OI. Hazard ratios with their
corresponding 95% confidence intervals and p-values were obtained from
the final multivariable Cox model. The proportionality hazard assumption
over time was assessed graphically using Aalen plots.

3. Results

3.1. Baseline characteristics of participants

From the chart review, a total of 1651 persons diagnosed HIV positive
between 2002 and 2021 were identified. Of these, 756 (46.47%) were en-
rolled during the era of UTT with 545 (33.54%) initiated on ART on the
same day of HIV diagnosis (Table 1). Same-day ART starters were mostly
enrolled under the UTT era (93.03%), were likely to be women (71.38%),
PLHIV
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Table 1
Baseline characteristics of the study population by ART initiation strategy.

Variables Same day
Initiation

Rapid
Initiation

Deferred
initiation

p-value

n (%) n (%) n (%)

Cohort
Before UTT 38 (6.97) 135 (48.74) 698 (86.92) <0.001
Under UTT 507 (93.03) 142 (51.26) 105 (13.08)
Total 545 (100) 277 (100) 803 (100)

Age group (years)
<=40 262 (48.07) 112 (40.58) 395 (49.50) 0.036
>40 283 (51.93) 164 (59.42) 403 (50.50)
Total 545 (100) 276 (100) 798 (100)

Sex
Female 384 (71.38) 208 (75.36) 507 (63.93) <0.001
Male 154 (28.62) 68 (24.64) 286 (36.07)
Total 538 (100) 276 (100) 793 (100)

Marital status
Single 247 (47.05) 118 (44.36) 366 (48.03) 0.195
Married 187 (35.62) 89 (33.46) 225 (29.53)
Divorced 25 (4.76) 15 (5.64) 46 (6.04)
Widowed 66 (12.57) 44 (16.54) 125 (16.40)
Total 525 (100) 266 (100) 762 (100)

Residence
Local 256 (47.50) 122 (45.02) 300 (37.93) <0.001
Regional 220 (40.82) 119 (43.91) 421 (53.22)
Inter-regional 63 (11.69) 30 (11.07) 70 (8.85)
Total 539 (100) 271 (100) 791 (100)

Baseline CD4 testing
No 507 (93.03) 144 (51.99) 142 (17.77) <0.001
Yes 38 (6.97) 133 (48.01) 657 (82.23)
Total 545 (100) 277 (100) 799 (100)

Immune status (CD4 count per mm3)
<200 17 (45.95) 74 (55.64) 356 (54.27) 0.989
>=200 20 (54.05) 59 (44.36) 300 (45.73)
Total 37 (100) 133 (100) 656 (100)

WHO Clinical Stage
Early (stages I & II) 426 (83.86) 152 (64.68) 338 (52.16) <0.001
Advanced (stages III & IV) 82 (16.14) 83 (35.32) 310 (47.84)
Total 508 (100) 235 (100) 648 (100)

Smoking
No 486 (89.17) 242 (87.36) 714 (88.92) 0.722
Yes 59 (10.83) 35 (12.64) 89 (11.08)
Total 545 (100) 277 (100) 803 (100)

Alcohol intake
No 213 (39.08) 122 (44.04) 390 (48.57) 0.003
Yes 332 (60.92) 155 (55.96) 413 (51.43)
Total 545 (100) 277 (100) 803 (100)

Occupation
None 151 (28.71) 96 (35.56) 286 (36.48) 0.053
Currently employed 369 (70.15) 171 (63.33) 492 (62.76)
Retired 6 (1.14) 3 (1.11) 6 (0.77)
Total 526 (100) 270 (100) 784 (100)
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of age>40 years (51.93%), and living close to the clinic (47.50%). Baseline
CD4 testingwas low among SDI andwhere available, almost half had a titre
of fewer than 200 cells/mm3 although late clinical presentation was un-
common among SDI (16.14%).

The trend in the uptake of the universal test and treat policy and its ef-
fect on baseline CD4 testing

A negligible proportion of patients varying from 3.91% to 8.77% has
been documented to have been initiated on the same day of their HIV diag-
nosis before the adoption of UTT in 2016. A rapid scale-up of SDI was then
observed from 39.09% in 2017 to 92.83% in 2020.Meanwhile, CD4 testing
at baseline was common before the UTT era but declined drastically with
the adoption and implementation of UTT, from 89.43% in 2015 to 0.38%
in 2020 at an average rate of about 27% per year (Fig. 2). the steepest de-
cline was observed during the first year of adopting the treat-all policy.
4

Baseline CD4 testing dropped significantly by 1.2% for every 1% increase
in the uptake of UTT (Fig. 3).

The trend in the late presentation and time to ART initiation before and
under the universal test and treat policy

Overall, late presentation with advanced HIV infection (WHO stage 3
and 4) was recorded in 480 (34.16%). It was significantly higher in the
pre-UTT era than in the UTT era (51.17% vs. 17.56%, p < 0.001). Late pre-
sentation remained stable above 50% between 2005 and 2015 but then fell
sharply by over 30% between 2015 and 2020.

The overall median delay in ART initiation was 7 days (IQR: 0 – 35) de-
clining significantly from 21 days (IQR: 9 – 113) in the pre-UTT era to the
same day of diagnosis (IQR: 0 – 2) in the UTT era (p < 0.001). During the
first 10 years of ART use when ART was highly dependent on CD4 below
200 – 350 cells/mm3 the median time to ART start ranged from 315 to
over 1000 days. It then fell remarkably between 11 to 21 days when the
threshold to ART start was raised to 500 cells/mm3 between 2013 and
2016. From 2017 when all restrictions based on CD4 count were removed,
the median time ranges between 0 – 1 day since HIV diagnosis (Fig. 4).

Uptake of universal test and treat policy on the incidence of AIDS-
defining infections

A total of 142 (22.72%) OI events were recorded among 625 patients
included in the time-to-event analysis. The commonest OI reported were
tuberculosis (58%), skin infections (23%), bacterial pneumonia (11%),
oral thrush (4%) and central nervous system infections (4%).

After a total observation time of 39509 person-months (p-mo) on ART,
the overall incidence of OI was 3.56 events per 1000 p-mo. The incidence
during the UTT era was 7.23 cases p.1000 p-mo, higher than the rate of
1.96 cases p.1000 p-mo observed before the UTT era (p < 0.0001)
(Fig. 5). The incidence was higher among ART same-day starters than late
starters (4.41 vs. 1.70 cases p.1000 p-mo (p < 0.0001) (Fig. 6).

After controlling for demographic and clinical characteristics of pa-
tients, the incidence of IO reported was over five times higher during the
UTT era than in the pre-UTT era [aHR = 5.55 (95% CI: 3.18 – 9.69), p <
0.001]. Similarly, the incidence of OI was about twice as high among SDI
than among later initiators [aHR = 1.76 (95% CI: 1.06 – 2.94), p =
0.030]. Other strong predictors of OI occurrence were age above 40 years
[aHR= 1.59 (95% CI: 1.12 – 2.26), p= 0.010] and zidovudine-based reg-
imens [aHR = 1.88 (95% CI: 1.04 – 3.41), p =8 0.038] but switching to
dolutegravir-based regimens was a weaker predictor of OI occurrence
[aHR = 1.78 (95% CI: 0.96 – 3.28), p = 0.066] (Table 2).
4. Discussion

This is thefirst study that sought to assess the level of uptake of UTT and
the effect of this novel approach on timely access to ART, CD4 testing, and
the incidence of opportunistic infections in Central Africa. The study has in-
dicated a successful rollout of the UTT policy with a remarkable reduction
in delays to ART initiation and a significant decline in late presentation but
paradoxically with a drastic decline in baseline CD4 testing and a higher
incidence of reported cases of opportunistic infections.

Within the first five years of adopting the UTT policy in 2016, this study
has observed that universal and immediate ART initiation was effectively
implemented at this HIV clinic and has now become the standard approach.
Nationally, the number of people receiving antiretroviral therapy in
Cameroon increased steadily from 17156 in 2005 to 168249 in 2015 and
then exponentially to 337342 in 2019 corresponding to a steady rise in
ART coverage from 20% in 2010 to 40% in 2016 and then to a sharp in-
crease to approximately 80% in 2021 [19]. This sharp increase from
2016 corresponded with the introduction of the test and treat-all strategy.
Substantial uptake of the UTT policy has been reported across several
sub-Saharan African countries [20–25]. This successful implementation of
the UTT policy has been facilitated intuitively from the removal of the
CD4 eligibility threshold for ART initiation, but also by experiences gained
from the Option B+ approach that preceded UTT, the extraordinary finan-
cial support and pressures from different stakeholders (from governments,



Fig. 2. Uptake levels of same-day initiation and CD4 testing across ART guideline periods.

Fig. 3. The linear relationship between UTT uptake and baseline CD4 testing between 2016 and 2020.
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civil society groups, researchers, and donors) to accelerate the implementa-
tion of UTT [26,27].

While removing the CD4 count as a criterium to decide when to start
ART has been critical in scaling up the UTT policy uptake, a dramatic
89% decline in baseline CD4 testing between 2015 and 2020 was observed
despite the WHO recommendation to perform baseline CD4 testing at en-
rolment into HIV care to determine whether a patient has advanced HIV
disease (defined as CD4 cell count < 200 cells/mm3 or WHO stage 3 or 4
events)[10]. A similar decline from 73% to 21% between 2013 and 2018
was reported in Uganda with the adoption of the treat-all policy [28], and
a reduction from a peak of 78.1% in 2008 to a low of 38.0% in 2017 was
recorded in six Southern African countries [29]. A regression discontinuity
analysis found a 8.9% decrease in CD4 testing among low/lower-middle-
income countries (L/LMICs) but a 1.6% increase in high/upper-middle-
5

income countries (H/UMICs)[30]. People presenting with advanced
HIV disease remain consistently high (30 – 50%) despite ART scale-up
[31–33] and should be provided components of a package of interventions
including screening, treatment and/or prophylaxis for major opportunistic
infections, rapid ART initiation and intensified adherence support interven-
tions to reduce the high morbidity and mortality in this group [10,11,34].
CD4 count testing remains crucial in identifying these persons with ad-
vanced HIV disease because the clinical definition has low sensitivity
[35]. This rollback in CD4 testingmeant rolling back the use of prophylactic
medication and that a large proportion of patients with advanced HIV disease
are missed and may then be at higher risk of morbidity and mortality.
Sikombe et al. found that Zambian patients without baseline CD4monitoring
had1.50 times thehazard ofmortality in thefirst year comparedwith patients
who had pretherapy CD4 testing (95% CI, 1.00–2.17, p = 0.046) [36].



Fig. 4. Time to ART initiation and late clinical presentation across guideline periods.

Fig. 5. Kaplan Meier curve of occurrence of opportunistic infections by ART policy
periods

Fig. 6. Kaplan Meier curve of occurrence of opportunistic infections by ART
initiation strategy.
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The phasing out of CD4 testing could be understood as a misinterpretation
of the UTT guidelines but also a result of the promotion of viral load testing
over CD4 tomonitor patients on ART and, the diminished donor support for
CD4 testing [26,37]. Considering that a significant proportion of PLHIV still
presented with low CD4 and thus at higher risk of mortality, it is urgent to
return to mandatory CD4 testing that characterised the pre-UTT era to
ensure optimal outcomes under the UTT policy.

This study has highlighted an increased incidence of OI under the UTT
policy, a finding considered unexpected given prior knowledge of the im-
pact of ART on HIV disease progression before UTT. Two systematic re-
views and meta-analyses in LMIC conducted before the UTT era showed
that the incidence of 15 OIs reduced by 57% to 91% during the first year
of ART among children and adults [38,39]. The landmark TEMPRANO
trial that contributed to the adoption of UTT demonstrated that early initi-
ation of ART reduced the risk of severe HIV-related illness by 44% com-
pared with the deferred initiation of ART [40]. A study from Ethiopia has
found that the UTT programme reduced TB incidence by 75% among
adults. We think our findings are contradictory for a couple of reasons.
Firstly, the rapid initiation of ART without knowledge of the level of im-
mune depression based on CD4 count, means a large proportion of PLHIV
presentingwith unrecognised advanced disease, go on to unmask their sub-
clinical OIs shortly after starting ART because of the restoration of the func-
tional immune responses. A high burden of unmasking TB has been
reported in LMIC with an incidence of 5.6 to 22.1 cases per 100 patient
years of observation [41,42]. Secondly, even during the UTT era, over
80% of PLHIV who were tested presented with CD4 counts of less than
350 cells/mm3 and thus remained at a higher risk of HIV-related infections.
Low CD4 has been unequivocally linked to a higher incidence of OIs: the
lower the CD4 count before ART, the higher the risk of TB during ART
[43]. Lawn et al. reported that the risk of clinical TB occurrence during
the first months of ART, among patients with a low CD4, was 40% higher
than among those with the same CD4 counts during long-term treatment
and, that patients with a low CD4 had a 3 to 4 fold increase in the risk of
unmasking TB than those with a higher CD4 count [44]. Thirdly, from
the epidemiological surveillance standpoint, the increasing integration of
TB services into HIV clinics, the expanding access to diagnostics technology
and other surveillance tools to support clinical screening and diagnosis of
OIs, and active case finding in the era of UTT have led to improved detec-
tion and reporting of OIs [45,46]. We observed a significant increase in ac-
tive TB casefinding from44.19% to 76.80%between the pre-UTT and post-
UTT periods. The cumulative incidence of TB in this study matches the pat-
tern observed in the African Region characterised by an ascending trend in
TB incidence between 2015 and 2019 [46,47]. So as UTT uptake will con-
tinue to expand the rapid and immediate ART initiation, programme man-
agers should be aware of a potential rise in OIs directly attributable to the



Table 2
Demographic and clinical characteristics associated with the occurrence of opportunistic infections.

Factor Incidence of opportunistic infection (per 1000 person-months) HR (95% CI) p-value aHR (95% CI) p-value

Strategy
SDI 4.41 2.45 (1.53 – 3.93) <0.001 1.76 (1.06 – 2.94) 0.030
Deferred 1.70 1 1

Cohort
Before UTT 1.96 1 1
Under UTT 7.23 6.50 (3.85 – 10.99) <0.001 5.55 (3.18 – 9.69) <0.001

Age group (years)
<=40 2.53 1 1
>40 4.70 1.83 (1.30 – 2.59) 0.001 1.59 (1.12 – 2.26) 0.010

Marital status
Single 2.80 1 1
Married 3.59 1.27 (0.82 – 1.97) 0.276 1.03 (0.64 – 1.66) 0.899
Divorced 3.24 1.14 (0.55 – 2.34) 0.725 0.64 (0.30 – 1.40) 0.267
Widowed 4.69 1.68 (1.02 – 2.76) 0.040 1.48 (0.82 – 2.67) 0.190

Immune status (CD4 count per mm3)
<350 3.87 1 1
>=350 2.97 0.80 (0.56 – 1.15) 0.228 0.83 (0.49 – 1.41) 0.496

WHO Clinical Stage
Early (stages I & II) 3.45 1 1
Advanced (stages III & IV) 6.79 1.88 (0.96 – 3.70) 0.067 1.54 (0.77 – 3.07) 0.222

TB Screening
Yes 4.58 1.76 (1.24 – 2.52) 0.002 1.24 (0.84 – 1.82) 0.277
No 2.43 1 1

ART regimen backbone
TDF 3.23 1 1
TLD 13.82 3.33 (1.82 – 6.07) <0.001 1.78 (0.96 – 3.28) 0.066
PI 10.26 3.08 (0.97 – 9.73) 0.056 2.48 (0.77 – 7.98) 0.128
AZT 3.48 1.07 (0.62 – 1.84) 0.817 1.88 (1.04 – 3.41) 0.038

CPT
Yes 4.24 1.43 (1.02 – 2.02) 0.039 1.08 (0.66 – 1.79) 0.746
No 2.81 1 1

IPT
No 3.17 1 1
Yes 4.56 1.35 (0.95 – 1.93) 0.094 0.89 (0.61 – 1.29) 0.545
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“unveiling” effect of ART-induced immune restoration. Amulticentre study
may be required to support this hypothesis.

The use of routine programmatic data in this study led to some limita-
tions ranging from the incompleteness of data to errors in data collection
and the inability to explore reasons behind uptake levels of UTT and CD4
to the inability to ensure comparability of data collected before and after
the adoption of the UTT policy.
5. Conclusion

The study has indicated that five years after its adoption, the UTT ap-
proach has been effectively rolled out and has contributed to improved ac-
cess to rapid and immediate ART initiation, but a higher incidence of
opportunistic infections was observed with a rollback of baseline CD4 test-
ing. We advocate for a U-turn to a routine baseline CD4 measurement to
identify PLHIV who should benefit from interventions to prevent OIs and
better finetune the UTT approach. Monitoring of unmasking OIs would be
critical to achieving optimal outcomes under UTT.
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