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Abstract
Introduction: The COVID-19 pandemic has affected women and children globally, disrupting antiretroviral therapy (ART) ser-
vices and exacerbating pre-existing barriers to care for both pregnant women and paediatric populations.
Methods: We used the Spectrum modelling package and the CEPAC-Pediatric model to project the impact of COVID-19-
associated care disruptions on three key populations in the 21 Global Plan priority countries in sub-Saharan Africa: (1) preg-
nant and breastfeeding women living with HIV and their children, (2) all children (aged 0–14 years) living with HIV (CLWH),
regardless of their engagement in care and (3) CLWH who were engaged in care and on ART prior to the start of the pan-
demic. We projected clinical outcomes over the 12-month period of 1 March 2020 to 1 March 2021.
Results: Compared to a scenario with no care disruption, in a 3-month lockdown with complete service disruption, followed
by 3 additional months of partial (50%) service disruption, a projected 755,400 women would have received PMTCT care (a
21% decrease), 187,800 new paediatric HIV infections would have occurred (a 77% increase) and 516,800 children would
have received ART (a 35% decrease). For children on ART as of March 2020, we projected 507,200 would have experienced
ART failure (an 80% increase). Additionally, a projected 88,400 AIDS-related deaths would have occurred (a 27% increase)
between March 2020 and March 2021, with 51,700 of those deaths occurring among children engaged in care as of March
2020 (a 54% increase).
Conclusions: While efforts will continue to curb morbidity and mortality stemming directly from COVID-19 itself, it is critical
that providers also consider the immediate and indirect harms of this pandemic, particularly among vulnerable populations.
Well-informed, timely action is critical to meet the health needs of pregnant women and children if the global community is
to maintain momentum towards an AIDS-free generation.
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1 INTRODUCT ION

While antiretroviral therapy (ART) coverage has been increas-
ing globally, coverage among children lags behind that of
adults [1], with 74% of adults receiving ART compared to only
53% of children in 2020 [2]. Even before COVID-19, HIV pro-
grammes were falling short of global treatment targets [3].
Some regions, including West and Central Africa, experienced
backsliding after marked progress over years, with ART cov-
erage of pregnant women peaking at 61% in 2016 before
declining to 57% in 2019 [4].

Although SARS-CoV-2 infections have largely spared pae-
diatric populations to date [5], the secondary impact of this

pandemic has affected women and children globally [6]. This
pandemic, like so many crises before, has disproportionately
affected women economically, socially and in terms of health
[7]. Here, we consider how the pandemic has exacerbated
pre-existing barriers to care for pregnant women and paedi-
atric populations [3].

Disruption of ART services was reported in 36 countries
worldwide between April and June 2020 [8]. For some, pub-
lic health measures, such as lockdowns, made it more difficult
to access healthcare facilities. Even when facilities remained
open, people were fearful of contracting SARS-CoV-2 while
accessing services [9]. Concern about SARS-CoV-2 risk was
especially relevant for pregnant women, both early in the
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pandemic, when data were lacking regarding how the virus
would affect pregnant women and their infants [10], and later,
when new data indicated correlation between COVID-19 and
adverse birth outcomes [11].

While lockdowns have been lifted, permitting travel to
healthcare facilities, the pandemic has strained global supply
chains, contributing to increased ART costs. These strains also
put countries at risk for ART stockouts [12], with formulations
used for postnatal prophylaxis and paediatric ART at particu-
lar risk, given the limited number of paediatric ART manufac-
turers and supply chain issues pre-dating COVID-19. Mean-
while, many of the major AIDS relief donors face pandemic-
related economic hardship [13].

We used the Spectrum software package and the Cost-
Effectiveness of Preventing AIDS Complications Pediatric
(CEPAC-P) model to project the potential impact of service
interruptions on key outcomes for children at risk for or liv-
ing with HIV.

2 METHODS

Spectrum is a modelling package that generates estimates
of HIV-related measures. For model inputs, Spectrum uses
country-specific surveillance, survey and programme data,
such as the number of children receiving ART and cotrimox-
azole and the number of women receiving antiretroviral pro-
phylaxis by regimen. Results from scientific studies are used
to inform parameters for which country-specific estimates do
not exist, such as MTCT rates by regimen and mother’s CD4
count, and the effect of ART on mortality [14].

The CEPAC-P model is a clinically detailed microsimulation
model of paediatric HIV acquisition, disease progression and
treatment. CEPAC-P was initially populated, validated and cal-
ibrated using cohort data from the International epidemiol-
ogy Databases to Evaluate AIDS (IeDEA) East African cohort.
The model was then calibrated to match pooled UNAIDS data
from eight sub-Saharan African countries to ensure generaliz-
ability of results to the broader region [15]. These data were
shared under data use agreements. This work was approved
by the Mass General Brigham Institutional Review Board.
No primary data were collected for this analysis. Thus, no
consent processes were implemented. Model-based analyses
were conducted between September 2020 and March 2021.

Drawing on the respective strengths of these models, we
simulated three separate populations likely to be affected
by COVID-19-associated care disruptions in the 21 Global
Plan priority countries in sub-Saharan Africa [16]. Using Spec-
trum, we projected the impact of COVID-19-associated care
disruptions on: (1) pregnant and breastfeeding women living
with HIV and their children, and (2) all children living with
HIV (CLWH) (aged 0–14 years), regardless of their engage-
ment in care. Projected Spectrum outcomes include the num-
ber of women engaged in PMTCT care (defined as pregnant
and breastfeeding women receiving effective ART), new paedi-
atric HIV infections, CLWH receiving ART and deaths among
all CLWH. Using the CEPAC-P model, we further explored the
impact of care disruptions on CLWH who were engaged in
care and on ART pre-pandemic. CEPAC-P projected the pro-
portion of children alive and virologically suppressed on ART.

These proportions were then applied to Spectrum-generated
estimates of the number of children on ART in March 2020.

We then projected clinical outcomes from 1 March 2020 to
1 March 2021. We first modelled a comparator scenario with
no service interruption. In all disruption scenarios, we mod-
elled time-limited disruption of ART access. Disruption dura-
tion varied between scenarios: all included 3 months of com-
plete lockdown, with 100% of the population unable to access
ART; for the subsequent 3 months of disruption, we varied
the proportion of the population that remained unable to
access services (25%, 50%, 75% and 100%). Following these
modelled 6-month disruptions, we assumed a full return to
pre-disruption access to care.

Of the overall paediatric cohort, 65% were modelled as
virologically suppressed pre-disruption [17]. Upon re-initiating
ART, children who had suppressed pre-disruption had a 91%
probability of re-suppressing [18]. The 35% of children who
were failing ART pre-disruption were modelled to continue
failing upon re-initiating ART; upon detection of failure, they
started second-line ART with a 75% probability of viral sup-
pression at 24 weeks [18,19].

3 RESULTS AND DISCUSS ION

If there had been no service interruption due to COVID-
19, we projected that between March 2020 and March
2021 within the 21 priority countries in sub-Saharan Africa,
959,200 women would have received PMTCT care, 106,200
new paediatric HIV infections would have occurred and
796,700 children would have received ART (Table 1, second
column). Of those children on ART as of March 2020, we pro-
jected that there would have been 282,400 ART failures. We
projected 73,400 AIDS-related deaths would have occurred
between March 2020 and March 2021, with 33,700 of those
deaths occurring among children engaged in care as of March
2020.

With a 3-month lockdown resulting in complete service dis-
ruption, followed by an additional 3 months of partial (50%)
service disruption, we projected 755,400 women would have
received PMTCT care (a 21% decrease), 187,800 new paedi-
atric HIV infections would have occurred (a 77% increase) and
516,800 children would have received ART (a 35% decrease;
Table 1, fourth column). For children on ART as of March
2020, we projected 507,200 would have experienced ART
failure (an 80% increase). A projected 88,400 AIDS-related
deaths would have occurred (a 27% increase) between March
2020 and March 2021, with 51,700 of those deaths occur-
ring among children engaged in care as of March 2020 (a
54% increase). Table 1 displays results from additional simu-
lated scenarios. Figure 1 displays Spectrum projections along-
side UNAIDS estimates.

Empiric evidence on the impact of COVID-19-associated
service interruptions on maternal and paediatric health is
likely to emerge over the next several years. While await-
ing these data, we brought together projections from two
validated and widely used models to estimate potential out-
comes for women and children affected by HIV in the
21 Global Plan priority countries in sub-Saharan Africa.
We found that 3 months of complete service interruption,
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Table 1. Modelled results: change in projected outcomes as compared to scenario without any service disruption, from the Spec-

trum and CEPAC-P models

Service disruption length

No disruption

(comparator)

3 months (100%) 3 months (100%) 3 months (100%) 6 months

(100%)3 months (25%) 3 months (50%) 3 months (75%)

Mothers receiving PMTCTa,b

Projected number 959,200 789,800 755,400 721,200 685,200

# change n/a −169,400 −203,800 −238,000 −274,000
% change −18% −21% −25% −29%

New paediatric HIV infectionsa

Projected number 106,200 175,400 187,800 200,000 213,500

# change n/a +69,200 +81,600 +93,500 +107,300
% change +65% +77% +88% +101%

Children receiving ARTa

Projected number 796,700 565,300 516,800 468,000 418,500

# change n/a −231,400 −279,900 −328,600 −378,100
% change −29% −35% −41% −47%

ART failures among children engaged in care prior to service disruptionsc,d

Projected number 282,400 458,900 507,200 555,400 603,700

# change n/a +176,500 +224,800 +273,000 +321,300
% change +63% +80% +97% +114%

Paediatric AIDS-related deaths among all children living with HIVa

Projected number 73,400 85,900 88,400 90,900 94,000

# change n/a +28,900 +33,900 +38,700 +44,300
% change +23% +27% +30% +35%

Paediatric AIDS-related deaths among all children engaged in carec

Projected number 33,700 49,200 51,700 54,100 56,500

# change n/a +15,600 +18,000 +20,400 +22,900
% change +46% +54% +61% +68%

Note: Numbers may not sum due to rounding.
Abbreviations: ART, antiretroviral therapy; PMTCT, prevention of maternal-to-child transmission.
aModel projections generated by Spectrum.
bMothers receiving PMTCT is defined as pregnant and breastfeeding women receiving effective ART.
cModel projections generated by CEPAC-P.
dART failure within the CEPAC-P model includes (1) clinical treatment failure, defined as a new or recurring WHO Stage 3/4 opportunistic
infection or tuberculosis, (2) immunologic treatment failure, defined as a CD4% <10% (for children <5 years old) or CD4 count <100/μl (for
children ≥5 years old) or (3) virologic treatment failure, defined as an increase of 3 or more viral load (VL) strata following ART start, with
strata copies/ml defined as 0–20; 20–500; 500–3000; 3000–10,000; 10,000–30,000; 30,000–100,000; and >100,000.

followed by 3 additional months of a 50% service inter-
ruption would greatly impact paediatric HIV outcomes, with
projected new HIV infections increasing by 77%, ART fail-
ures increasing by 80% and AIDS-related deaths increasing
by 27%.

These estimates are conservative for at least three rea-
sons. First, they do not account for increases in maternal
HIV incidence that may have resulted from care interruptions
affecting ART access for male partners or pre-exposure pro-
phylaxis (PrEP) for women, or pandemic-spurred economic
hardships that may have put women at increased risk for HIV
infection [20,21], although this may have been at least par-
tially offset in some settings by reduced sexual contact dur-
ing lockdowns [22], or by increased PrEP enrolment due to
COVID-inspired programme adaptations [23]. These projec-
tions also do not account for interruptions in HIV testing ser-
vices that may have impacted maternal diagnoses. Second, we
exclude the possible impact of maternal illness, loss to follow-

up or death on paediatric care outcomes, such as retention,
viral suppression and survival [24]. Finally, the CEPAC-P pro-
jections excluded CLWH who were not in care pre-pandemic,
many of whom may have missed an opportunity to initiate or
re-engage in care during the service interruption.

This analysis has two important limitations. First, we pro-
vide aggregate estimates for 21 countries, which necessarily
exclude key differences in HIV care coverage pre-COVID-19,
as well as in the length and severity of pandemic-related care
interruptions. Following international guidance, we examined
the impact of uncertainty in these parameters by varying the
length and extent of the modelled disruption, the most influ-
ential and uncertain input [25]. Second, infant testing is a cru-
cial piece of the PMTCT care cascade that was likely impacted
by care disruptions [26]. However, we were unable to include
this important outcome due to insufficient data about pre-
pandemic rates of infant testing across the 21 priority
countries.
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Figure 1. Modelled Spectrum results, alongside 2019 and 2020 UNAIDS estimates. * Spectrum projections include pregnant and breast-
feeding women receiving effective ART; UNAIDS estimates include pregnant women receiving effective ART.
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Many questions remain about the COVID-19 pandemic,
including when it will subside. It is likely that programmes pro-
viding care for people living with HIV – and other illnesses –
will be affected by pandemic-associated service disruptions
for some time to come [27]. In order to prevent critical back-
sliding in the global progress to prevent mother-to-child HIV
transmission, and to increase ART access for mothers and
their children, it is imperative to quantify the impact of the
pandemic on care access and clinical outcomes, to inform pri-
oritization and planning that will enable HIV treatment pro-
grammes to meet the ongoing health needs of their commu-
nities, particularly among vulnerable populations. Moreover, it
will be especially important to address gaps already caused by
COVID-19-related care interruptions.

These findings suggest an increase in projected new pae-
diatric HIV infections, with more infants born with HIV to
women temporarily disengaged from PMTCT programmes.
Reports on the impact of COVID-related service disruptions
show that several countries experienced declines in both rates
of HIV testing in antenatal clinics and in antiretroviral prophy-
laxis to prevent vertical transmissions in 2020 [28]. Many of
these countries have since rebounded to pre-COVID coverage
levels [29]. However, with much of the world still struggling
to roll out effective vaccines, and with so much uncertainty
regarding the future of the pandemic and emerging variants, it
is possible that we will see similar HIV care coverage declines
in the coming months. For CLWH whose care has been inter-
rupted, local programmes will need to take swift action to
restart care, identify virologic failure and switch children to
second-line ART when appropriate.

As re-opening progresses in many countries, meeting the
needs of pregnant women and CLWH should be a top prior-
ity. This will require enhanced action and thoughtful solutions.
COVID-19 has presented an opportunity to rethink traditional
care delivery in favour of more innovative solutions. Differen-
tiated service delivery (DSD) may help to minimize the risk
of COVID-19 exposure while continuing to meet the health-
care needs of pregnant women and CLWH [30,31]. There
was an increased demand for DSD during the pandemic [32],
with evidence supporting its non-inferiority compared to the
standard of care [33,34]. Dispensing multi-month ART pre-
scriptions, a cornerstone of the DSD framework, can enable
individuals to maintain ART adherence without frequent clinic
visits, as demonstrated in Tanzania and Namibia [35,36]. Vir-
tual follow-up can also function to meet healthcare needs of
these populations, while limiting exposure [37], exemplified in
Botswana [38].

Any potential solutions – self-testing, service bundling, ART
delivery, electronic symptom monitoring and other creative
approaches [30,31] – should consider the specific needs of
the population and the barriers they face to accessing care.
Pregnant women and CLWH live in an array of diverse com-
munities, and setting-specific needs must be considered.

4 CONCLUS IONS

While efforts will continue to curb the rising death tolls stem-
ming directly from COVID-19, providers must not lose sight
of the immediate and indirect harms of this pandemic, par-

ticularly among vulnerable populations. Well-informed timely
action is critical to meet the health needs of pregnant women
and children if the global community is to maintain momen-
tum towards an AIDS-free generation.
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