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SUMMARY 

Background: The COVID-19 epidemic could lead to the disruptions to provision of services for people 

living with HIV and people at risk of acquiring HIV in sub-Saharan Africa, where UNAIDS estimates 

that more than two thirds of the 37.9 million people living with HIV reside in 2018.  We set out to 

predict the potential effects of such disruptions on HIV-related deaths and new infections. 

Methods: Five well-described models of HIV epidemics were each used to estimate the effect of 

various potential disruptions to HIV prevention and treatment services on HIV-related deaths and 

new infections in sub-Saharan Africa over 1- and 5-year periods. 

Findings: A six-month interruption of supply of antiretroviral drugs (ARV) across the whole 

population of people living with HIV on treatment would be expected to lead to an approximately 2-

fold (from 1.87- to 2.80-fold across models) increase in HIV-related deaths over a one year period 

compared to the case with no disruption.  In sub-Saharan Africa this amounts to an excess of over 

500,000 (471,000 – 673,000) adult HIV deaths should such a high level of disruption occur.   There 

would also be an approximately 2-fold increase in mother to child transmission of HIV.  Interruption 

of ARV supply affecting only a proportion of the population or for a shorter duration would have 

lesser effects.  While an interruption of supply of ARV drug would have by far the largest impact of 

any potential disruptions, effects of poorer clinical care due to over-stretched health facilities, 

interruptions of supply of other drugs such as cotrimoxazole and suspension of HIV testing would all 

have significant population impacts.  Interruption to condom supplies and peer education would 

make populations more vulnerable to increases in HIV incidence, although physical distancing 

measures could lead to reductions in risky sex.   

Interpretation: During the COVID-19 epidemic it is critical that governments, donors, suppliers and 

communities focus on maintaining the supply of ARVs for people with HIV to avoid additional HIV-

related deaths, and the provision of other essential prevention measures to prevent any increase in 

HIV incidence.   
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RESEARCH IN CONTEXT 

Evidence before this study 

The COVID-19 pandemic could lead to disruptions to provision of services for people with HIV in sub-

Saharan Africa. We searched Web of Science on 24 April 2020 using the terms (covid* AND model* 

AND hiv* AND africa) and found no studies that predict the effects of COVID-19 disruption on HIV 

outcomes in sub-Saharan Africa. 

Added value of this study 

We bring together results from five independent HIV models to estimate the magnitude of effects 

on numbers of HIV-related deaths and new infections resulting from disruptions to antiretroviral 

treatment (ART) services. We find that if there were to be a six-month interruption of supply of ART 

affecting all people taking ART this would be predicted to double HIV-related deaths over 1 year.  In 

sub-Saharan Africa as a whole this would amount to an excess of over 500,000 (471,000– 673,000) 

adult HIV deaths should such a high level of disruption occur. 

Implications of all the available evidence 

When considering plans to manage negative effects of the COVID-19 epidemic, it is critical that 

governments, donors, suppliers and communities focus on maintaining the supply of ARVs for 

people with HIV to avoid additional HIV-related deaths, and the provision of essential prevention 

services so as to not allow an increase in incidence.   

 

  



 

 

INTRODUCTION 

Disruption to delivery of health care in sub-Saharan African settings caused by COVID-19 could lead 

to adverse consequences for the health of people beyond those from COVID-19 itself [1-3].  Causes 

of such disruption could include COVID-19 morbidity and mortality itself, clinic closures or reduced 

services, physical distancing and other measures put in place to combat the virus spread. HIV 

remains highly prevalent in sub-Saharan Africa with over 25.7 (22.2-29.5) million people estimated 

to be living with HIV in the region in 2018 [4]. There is concern that possible disruptions in HIV 

programmes due to COVID-19 [1,2,5] could impact HIV-related mortality and new infections.  

Negative effects of the COVID-19 epidemic on access to health services have begun to emerge.  A 

recent survey in South Africa found that 13% of people said they did not have access to their chronic 

medication during lockdown [6]. A rapid assessment in Zimbabwe found 19% of people with 

diagnosed HIV attempting to get an ARV refill had not been able to, or only able to get a partial refill 

[7], and a survey in Kenya and Nigeria found 14% of people unable to pick up needed medications 

[8].   

We set out to explore these potential effects using existing mathematical models of HIV 

epidemiology and intervention programmes in sub-Saharan Africa.  In this paper, we consider the 

predicted effects on HIV mortality and HIV incidence of temporary disruption to different individual 

HIV services for periods of 3- or 6-months over 1- and 5-year periods.  We consider the disruption 

causing complete interruption of the programme for all affected people to compare potential 

impacts on different HIV services; we do not intend to convey that we consider necessarily such a 

level of disruption likely to actually occur.  

 

METHODS 

Five well described existing HIV models were used to estimate the impact of different disruptions to 

HIV prevention and treatment services; Goals [9], Optima HIV [10], HIV Synthesis [11], an Imperial 

College London Model [12], and EMOD [13].  The features of each model are summarized in Table 1.  

Important to note from Table 1 are the different model assumptions relating to effects of 

antiretroviral therapy (ART) interruption, which account for the fact that immune recovery during 

ART therapy tends to be quite rapidly lost after interruption of treatment.   The models handle this 

in various ways but most attempt to reflect an assumption that immune recovery during ARV 

therapy would be quite rapidly lost after interruption of treatment, which follows empirical 

observations that showed a median loss of 187 CD4 cells/mm3 in 2 months and 25% of people 

experiencing a loss of > 317 cells/mm3 [14,15].  Specific relevant details for the implementation of 

the disruptions in each model are given below. 

All models simulate disruptions caused by COVID-19 that last for 3- or 6-months during 2020 with all 

persons who would otherwise benefit from a given programme being affected.  The potential 



 

 

disruptions to programmes, broadly grouped as prevention programmes, HIV testing, and treatment 

and care, are shown in Table 2.  Service use is assumed to return to pre-disruption period levels at 

the end of the disruption period.  We consider the impacts on HIV mortality and incidence over 1- 

and 5- year time periods.  We express results as the predicted fold increase in HIV deaths relative to 

the annual number of such deaths in the relevant time period in which no COVID-19 disruptions or 

epidemic occur, and similarly for HIV incident cases.   We then show results for example countries, 

focussing on the impact on HIV deaths from interruption of ART, since this disruption has the 

greatest impact.   Relevant details for each model are as follows: 

Goals: It is assumed that coverage of all interventions except voluntary medical male circumcision 

(VMMC) remains at 2019 levels, and VMMC coverage increases according to current trends.  The 

“condom availability interrupted” disruption is modelled as all behavior change interventions being 

suspended for the 3 or 6 month period, including community mobilization, condom promotion, 

school-based programs and outreach to key populations. The result is an increase in the number of 

partners and a reduction in condom use.  Modelling reduction in sexual activity means that during 

the disruption period there is no casual or commercial sex for heterosexuals or men who have sex 

with men.  For disruption of prevention of mother to child transmission (PMTCT) this means no 

mother to child transmission (MTCT) prophylaxis services are offered during the disruption period.   

Optima HIV: The impact of a disruption in HIV services from 1 March-2020 including prevention, 

testing, and treatment were modelled for 3- and 6-month interruption in 2020 and 2020-2024. The 

mortality rate for those on ART whose treatment was suspended was applied followed findings from 

Grund et al. [14]. CD4 cell counts declined rapidly as a result and gradually returned to pre-ART 

levels after interruption. Once ART resumed, the mortality rate for those on ART by CD4 count was 

applied. Circumcision rates were held constant over the disruption period, as it was assumed no new 

VMMC would be performed due to physical distancing concerns. The impact on drug resistance as a 

result of HIV treatment disruption, behavior change as a result of COVID-19 pandemic lockdown (e.g. 

changes in numbers sexual acts and receptive needle sharing), and additional COVID-19-related 

deaths among people living with HIV were not included. 

HIV Synthesis model: We generate a range of setting scenarios (n=1500 for each period of 

disruption) aiming to collectively represent the range of HIV epidemic and program characteristics 

across and within countries in sub-Saharan Africa (Appendix HIV Synthesis Model Supplementary 

Table 1). Where there are disruptions, we determine at random which potential program 

disruption(s) occurs. There is a 50% chance for each disruption and the probabilities of each 

disruption are sampled independently; several disruptions can occur simultaneously. This is so that 

we can consider a range of disruptions simultaneously; there is no intention that 50% represents an 

estimate of the probability that such disruptions will occur. For each setting scenario we calculate 

the relative increase in HIV mortality (or HIV incidence) over the one-year period, due to the 

disruption. For the effect of ART interruption, to generate country specific estimates, we considered 

across setting scenarios the relationship between the proportion of people with HIV who have viral 



 

 

suppression at the start of 2020 and the relative increase in death rate (see Appendix). To estimate 

the relative increase in death rate for a given country we referred to the proportion of people with 

HIV who have viral suppression in the country to generate a country-specific estimate. We then 

apply these estimated relative risks to the estimated annual number of adult HIV-related deaths 

from most recent UNAIDS 2018 estimates [4]. Figures are for adult mortality only.  Suspension of 

PMTCT services is not considered separately from interruption of all ART, which has an effect on 

MTCT.  The increase in death rate in people with AIDS diseases due to over-stretched health system 

is implemented as a two-fold increase in death rate during the 3-month period in which an AIDS 

disease occurs. The effect of intermittent taking of ARVs due to sporadic drug supply is in the 

context of an assumed transition to dolutegravir based ART regimens.  Estimates of disruption of 

PrEP programs should be understood in the context of overall only 0.2% of women aged 15-25 being 

on PrEP so it is not possible to discern clear impact of suspension.  Assumptions on CD4 cell count 

changes during ART interruption lead to a mortality rate of 1.7% in the first 3-month period of 

interruption due to disruption of ART availability and 5.0% during the second 3-month period.  

Imperial Model:  The baseline scenario is one in which no COVID-19 disruptions or epidemic occur. 

For each disruption scenario, we compare outcomes over a 1-year or 5-year period beginning in mid-

2020. The assumptions corresponding to the interruption of each service are as follows. VMMC: no 

new circumcisions occur during the disruption, and when the disruption ceases, circumcisions 

resume at the pre-disruption rate. Condom availability interrupted: condom use is assumed to be 

reduced by 50% for the duration of the disruption. Suspension of ART initiation: no new individuals 

are initiated on ART for the duration of the disruption and scale-up continues at pre-disruption rates 

after the disruption ends, such that those who would have been initiated on ART during this period 

of time are allowed to start but may have progressed to a later stage of infection before starting. 

Viral load testing, enhanced adherence counselling, and switches stopped: an additional 10% of 

individuals on ART are assumed to have an unsuppressed viral load. Increase in death rate in people 

with AIDS diseases due to overstretched health system: the death rate for those with AIDS doubles 

for the duration of the disruption. Break in supply of ARVs leading to ART interruption: 100% of 

individuals on ART are assumed to stop using ART for the duration of the disruption and are then re-

initiated. If the person has progressed to AIDS in the meantime, ART re-initiation is assumed to be 

too late for the person to recover health. Reduction in sexual contacts: all sexual contacts across all 

risk groups decrease by 10% for the duration of the disruption, and then return to pre-disruption 

levels immediately following the disruption. 

EMOD Model: The disruption in HIV services including prevention, testing, and treatment were 

modelled for 3- and 6-month intervals beginning in mid-2020. The scenario of VMMC interruption 

was assumed to apply only to in-clinic circumcisions provided by HIV prevention programs; 

traditional male circumcision was assumed to continue at the pre-disruption rate. A disruption in 

condom availability was assumed to increase per-coital-act transmission probabilities by an average 

of 54% during the disruption interval, after which transmission probabilities return to their pre-



 

 

disruption rates. During suspension HIV testing and of ART initiation, all individuals who would have 

tested or initiated ART are unable to do so during the disruption, but may re-attempt testing and 

ART initiation after the disruption period at rates equivalent to pre-disruption rates among ART-

naïve individuals. Disruption of viral load testing, enhanced adherence counselling, and switches is 

assumed to increase the proportion of individuals with unsuppressed viral load to 42.5% during the 

disruption period [16].  A break in supply of ARVs leading to ART interruption is assumed to interrupt 

all ART use during the disruption and resume ART use for those who survived the interruption to 

their ART or attempted to initiate ART during the disruption. Survival during and after the disruption 

depends on CD4 count and age, with older adults experiencing more rapid CD4 cell count declines 

and higher risk of mortality.  Viral load suppression after ART initiation, including re-initiation after a 

treatment interruption, is assumed to take an average of three months and up to six months. 

 

RESULTS 

Results for predicted effects of disruptions on various HIV services from the five models are shown 

over 1 (Table 2a) and 5 (Table 2b) years. Not surprisingly, disruptions to aspects of care for people 

living with HIV are associated with increases in mortality risk, most notably disruption to the supply 

of ART to people on treatment resulting in discontinuation of ART.  Six months of such interruption is 

predicted to lead to an excess number of HIV deaths comparable to the estimated current number 

of annual HIV deaths (i.e., an approximate 2-fold increase in mortality risk (from 1.87 to 2.80 across 

models)).  Although the effect in the first year is greatest, there is also a substantial effect in the 

years following the disruption, such that a six-month period of ART interruption is predicted to lead 

to excess deaths amounting to around 40% (35% to 41% across models) of the current annual 

number of deaths on average for each of the next 5 years.  A three-month interruption is predicted 

to lead to approximately half of the excess HIV deaths.  

A more sporadic interruption of supply, leading to irregular access to ARVs, would have a lower 

immediate effect on HIV mortality (a 1.05- and 1.17-fold increase compared with current annual 

number of deaths over 1 year for a 3- and 6- month disruption, respectively; a 1.00- and 1.03- fold 

increase over 5 years) but even in the context of largely dolutegravir-based ART [17] would lead to 

an increase in drug resistance resulting in a 1% lower proportion of people on ART with viral 

suppression over the next 5 years (HIV Synthesis model).  An interruption to supply of cotrimoxazole 

is predicted to lead to an 8% increase in HIV mortality over one year (HIV Synthesis model).  

A disruption of VMMC would be predicted to have only a very small effect on HIV incidence.  

Disruption to outreach and condom programmes could lead to increases in the number of new 

infections of up to 25% over one year.   If there are also reductions in sex with non-regular partners 

as a result of physical distancing then the net effect could be reductions in new infections, to the 

effect of 4% and 7% reductions over 1 years and 1% and 2% reductions over 5 years (for 3- and 6- 

month disruptions, respectively; Imperial model).   Longer term effects on HIV incidence are small.   



 

 

PrEP programmes are generally small in most settings but a 6-month disruption is predicted to lead 

to a 1% rise (1.01-fold increase) in HIV incidence over 1 year (HIV Synthesis).    

In Table 3 we compare the predicted excess number of HIV deaths across models, in countries and 

regions of sub-Saharan Africa resulting from a 6-month interruption of ART.  This suggests over 

500,000 excess HIV deaths in sub-Saharan Africa (range of estimates 471,000 - 673,000). The 

proportion of such HIV deaths which occur in people aged < 65 is estimated as 95% (HIV Synthesis 

model). 

A cessation of PMTCT activities could lead to significant increases in the number of new child 

infections (Optima HIV and Goals models): 78% in Malawi, 37% in Mozambique, 104% in Uganda, 

78% in Zimbabwe (in Goals model) because PMTCT coverage is quite high in most countries. The HIV 

Synthesis model identifies an impact on MTCT of interruption of ART, with an excess of 1.67 and 

2.07 times more babies born with HIV in 1 year as a result of 3 and 6 months of disruption, 

respectively.  

 

DISCUSSION 

The COVID-19 pandemic presents a formidable challenge to governments and their ministries of 

health in sub-Saharan Africa. There is a real danger that the COVID-19 epidemic and the public 

health responses to it could lead to negative effects on health beyond any caused directly by COVID-

19 itself, including through impacts on delivery of existing health interventions.   While any 

disruptions to healthcare provision will have a negative health impact on affected individuals, it is 

helpful to have a clear appraisal of the aspects of existing care provision that are the most critical to 

preserve. We considered the effects of various disruptions to HIV programmes and, most notably, 

we find that interruption to ART taking would have particularly serious consequences for the 17 

million people on ART in sub-Saharan Africa [4].  A six-month interruption of ART supply would be 

expected to approximately double HIV-related deaths over one year.  In sub-Saharan Africa this 

amounts to over 500,000 (471,000 – 673,000) excess adult HIV deaths. This relates to the fact that 

CD4 lymphocyte count recovery that takes years to achieve on ART is rapidly lost after viral 

replication resumes in the absence of ART.  Interruption of ARV supply affecting only a proportion of 

the population or for a shorter duration would have lesser effects.   

While an interruption of ARV drug supply to people would have by far the largest impact of any 

potential disruptions, effects of lower quality clinical care due to over-stretched health facilities, 

interruptions of supply of other drugs such as cotrimoxazole, taken to prevent protozoal, bacterial 

and fungal infections, and suspension of HIV testing, or from reluctance to access care out of 

concern for becoming exposed to SARS-CoV-2 [18] would all have significant population impacts.   

Interruption to condom supplies, PrEP, and peer education would make populations more 

vulnerable to increases in HIV incidence, although physical distancing measures could lead to 



 

 

reductions in risky sex.  A short interruption in VMMC services does not have a significant effect on 

HIV incidence.  

We chose to study the effects of disruptions to entire affected populations. Our results are intended 

to convey where the greatest vulnerabilities are amongst the various services which form part of HIV 

programmes and should not be taken as a prediction that disruption will be as extensive as this.   

Such an extensive disruption to ART access seems unlikely unless, for example, a country’s supply of 

drug is delayed in being dispatched from the factory or in transit.  The supply line from 

manufacturers at this point appears reasonably robust, and some programmes have started multi-

month prescriptions and dispensing to reduce vulnerability to interruptions [19,20].  In reality a 

disruption to a smaller subset of the population is more likely.  We did not specifically consider 

disruptions of services to key populations such as female sex workers or men who have sex with 

men but given the levels of stigma these could represent populations who are particularly vulnerable 

to interruptions in services.  Condom access and other prevention services outside health facilities 

might be particularly limited at times when movement is restricted.  Some form of disruptions 

affecting sections of the population could well last longer than 6 months, especially if health systems 

are severely affected by loss of personnel or fear of returning to health care settings if access to 

personal protective equipment  is limited or not available, and it will be important to monitor such 

effects.    

While there is some uncertainty around the magnitude of the impact that programme disruptions 

would have on HIV epidemic outcomes, partially reflected in the range of predictions across our five 

independent models, there is consensus across models that interruption to taking of antiretrovirals 

represents the greatest threat to HIV outcomes. The differences across models in predicted 

consequences of ART interruption result largely from differences in how interruptions are modelled, 

and the consequent death rate assumed (see Appendix). Two of the models (Optima HIV and HIV 

Synthesis) directly consider the CD4 cell count after interruption, with the latter model assuming 

generally more rapid and greater declines than the former. In HIV Synthesis, the CD4 cell count 

declines rapidly towards the pre-ART nadir, hence the impact on death rate is greater for those with 

a higher CD4 cell count pre-ART.  Similarly, in the Optima HIV model, the CD4 cell count declines 

following Grund et al. findings, resulting in a gradual return to pre-ART CD4 cell counts after 

interruption [14]. The Goals model assumes an immediate return to pre-ART death rate after 

interruption, and the Imperial model calculates the death rate based on the mean time to progress 

to AIDS in the absence of ART. While data are available on changes in CD4 cell count after 

interruption (e.g. [14]) there are little direct data on death rates as there have not been 

programmatic situations in which people have been observed longitudinally after interrupting ART, 

due to the known harmful effects of stopping ART. 

Although we have highlighted that the largest effect of disruptions to HIV programmes would occur 

as a result of ART interruption, it should not be interpreted that effects on prevention, testing and 

other aspects of treatment and care would not be significant. These programmes have evolved over 



 

 

several years and are generally highly effective and cost effective, so any loss to their functioning will 

lead to adverse health consequences for many people.  Some short-term changes to HIV 

programmes, such as reduced use of condoms, are not impactful in terms of the excess number of 

HIV-related deaths in the medium-term, but we note that new HIV infections would increase and 

could have further long-term ramifications not represented in the five-year time horizon.  Similarly, 

reductions in peer support may not have short term effects but over time may result in suboptimal 

treatment adherence and retention in care.  Health care provision of all types, for HIV and other 

diseases and conditions, should be prioritised for maintenance, with modifications if needed, in so 

far as can be safely attained during the period of threat from COVID-19.   Multi-month dispensing for 

PrEP as well as ART users, and extra emergency provision of supplies is likely required in order to be 

able to safely provide existing levels of health care at the same time as responding to COVID-19. 

Previous evaluations have considered effects on HIV care in other crisis situations such as the post-

election unrest in Kenya in 2007 [21,22], during the Ebola epidemic in Guinea in 2014 [23], in acute 

conflict areas in the Central African Republic and Yemen [24], and as a consequence of food security 

[25]. All found significant negative effects but also evidence of resilience and ability to successfully 

deliver ARVs [24,25]. In addition to concern over negative effects of the pandemic, there could be 

longer term benefits as the crisis has led to simplifications to delivery of care, with multi-month 

dispensing and less clinic visits per patient, which are less costly and associated with a similar 

outcome [26].  

Our model predictions are inherently limited by the available data to inform them. While there is 

generally a rich amount of data on HIV and effects of programmes implementing interventions, 

there are some key uncertainties. One of these is over the magnitude of the impact on death rates 

of interruption of ART. Important other points or limitations to note include that we do not model 

any interaction between HIV and COVID-19 infection – that is people with HIV are not assumed to be 

more or less likely to acquire or die from COVID-19.   We also note that there are several models that 

address excess mortality from disruption of services for HIV and TB, Malaria and other 

communicable diseases [3,27-29]; all of these models point to similar levels of excess death and we 

recognize that there can be overlaps in the persons counted as a TB versus an HIV related death.  

Taken together, however, these models raise the spectre of increased mortality among the most 

vulnerable and at risk populations in sub-Saharan Africa and can quickly erase years of public health 

gains if action to mitigate these effects are not swift and coordinated. 

In conclusion, when considering plans to manage negative effects of the COVID-19 epidemic, it is 

critical that governments, donors, suppliers and communities focus on maintaining the supply of 

ARVs for people with HIV to avoid excess HIV-related deaths and the provision of essential 

prevention services for key populations to prevent any increase in HIV incidence among the most 

vulnerable.    
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Table 1. Features of the contributing models. 

 Goals Optima HIV HIV Synthesis Imperial model EMOD 
Structure Compartment model 

with disaggregation by 
risk group 

Population-based 
compartment model with 
sex, age, and risk group 
disaggregation. 

Individual-based 
stochastic. 3-month time 
step. 

Compartmental model 
with sex, age, and risk 
structure. 

Individual-based 
stochastic 
Simulation. Daily time 
step 

Approach to calibration 
to data and estimates for 
specific settings 

Epidemiological 
parameters (probability 
of transmission per act; 
variation by stage of 
infection, presence of 
other STIs, effectiveness 
of condoms and ART) are 
varied to fit the model to 
prevalence estimates 
from surveillance and 
surveys.  

Epidemiological 
parameters (probability 
of transmission per act, 
variation by stage of 
infection (informed by 
CD4 counts and viral load 
monitoring), HIV testing 
rate, mortality rate, 
presence of other 
ulcerative STIs and/or 
tuberculosis, as well as 
effectiveness of 
condoms, circumcision, 
and un/suppressive ART) 
are varied to fit the 
model to prevalence 
estimates from 
surveillance and surveys. 

Parameters relating to 
population 
characteristics, sexual 
behaviour (condomless 
sex) and age-gender 
mixing, HIV acquisition, 
HIV testing, natural 
history (CD4 count and 
viral load), ART, risk of 
AIDS and death varied 
within plausible bounds 
to create a range of 
setting scenarios. 
Country situations are 
mimicked by selecting 
setting scenarios with 
epidemic and 
programmatic features 
consistent with country 
data. 

Epidemiological and HIV 
intervention parameters 
(probability of 
transmission per act, 
proportion of the 
population in each risk 
group, sex- and risk-
specific sexual contact 
rates, risk-specific 
condom use, amount of 
risk group mixing, ART 
and VMMC uptake) are 
varied to fit the model to 
country-specific 
prevalence, incidence, 
ART and VMMC 
coverage, and mortality 
estimates, reported by 
UNAIDS. 

The model is 
parameterized with 
epidemiologic data 
including population size, 
fertility, mortality, 
voluntary male 
circumcision coverage, 
health seeking and sexual 
behaviour. South Africa 
data on age and sex 
specific HIV prevalence, 
ART coverage, population 
size and HIV incidence 
were used to calibrate 
the model. Calibration 
was performed using a 
parallel simultaneous 
perturbation 
optimization (PSPO) 
algorithm. Roulette 
resampling in proportion 
to the likelihood of each 
simulation was used to 
select 250 model 
parameter sets. 
 

Sexual behavior Behaviors (number of 
partners, acts per 
partner, condoms use, 

Behaviors (type of 
partners (regular, casual, 
or commercial sexual; 

Number of short- term 
condomless sex partners 
in 3-month period, and 

Sexual contact rates 
differ by risk group (low, 
medium, high) and by 

Four types of sexual 
partnerships (marital, 
informal, transitory, and 



 

 

needle sharing) differ by 
risk group: female sex 
workers, male clients, 
males and females with 
non-regular partners, 
faithful couples, MSM 
and PWID 

injecting), acts per 
partner, condom use, 
needle sharing, differ by 
age and risk group 
(female sex workers, 
clients of sex workers, 
men who have sex with 
men, and people who 
inject drugs). 

potentially one long term 
condomless sex partner 
in period. 

age. Condoms are 
assumed to be used 
differentially by each risk 
group. 

commercial) are 
remembered over time 
and formed according to 
specifiable partner age 
patterns. 

HIV acquisition 
determinants (including 
prevention interventions 
included) 

Acquisition depends on 
characteristics of the 
individual (number of 
partners, circumcision 
status, PrEP use), the 
partner population (HIV 
prevalence, ART use, 
stage of infection), and 
the partnerships (acts per 
partner, prevalence of 
other STIs, type of sex, 
condom use)  

Acquisition depends on 
characteristics (type of 
act (regular, casual, 
commercial sexual; 
injecting), number of 
acts, circumcision and 
PMTCT status, PrEP and 
PEP use), and population 
status (HIV testing, 
diagnosis, HIV 
prevalence, 
un/suppressive ART use, 
stage of infection), in 
specified partnerships. 

Acquisition risk for each 
condomless sex partner 
depends on viral loads of 
people of (age-mixing 
relevant) opposite sex. 
Circumcision and PrEP 
are modelled. 

Acquisition risk for each 
sex act depends on HIV 
stage of infection, ART 
status, circumcision 
status, PrEP use, and 
condom use. 

Acquisition risk depends 
on characteristics of an 
individual which include 
number of partners, 
circumcision status 
(males), condom use, 
other STIs and coital acts. 
In addition, 
characteristics of the 
partner which include 
ART use if HIV positive 
and stage of infection 
also determine an 
individual’s acquisition 
risk  

HIV natural history Rate of decline of CD4 
count off ART depends on 
current CD4 count and 
age, mortality off ART 
depends on sex, age and 
CD4 count, mortality on 
ART depends on CD4 
count at initiation, age, 
sex and duration on ART.  

Rate of decline of CD4 
count and viral load off 
ART depends on current 
CD4 count and viral load. 
Change in CD4 count on 
ART depends on current 
CD4 count and viral 
suppression of 
treatment. Mortality 
both on and off ART 
depends on current CD4 

Viral load, CD4 count 
decline dependent on 
viral load. Risk of AIDS 
and death dependent on 
current CD4 count, 
current viral load, age. 

Rate of progression 
through each stage of 
infection is modeled 
based on mean duration 
in each stage. Mortality 
on ART depends on 
whether ART was 
initiated at CD4 ≥350 or 
CD4 <350. 

HIV prognosis is 
calculated using a 
Weibull distribution 
where the parameters of 
the distribution are 
derived from CD4 count 
and age at the time of 
infection.  CD4 count 
decreases from the time 
of infection. CD4 count 
increases if an individual 
enrolls for ART. New 



 

 

count and ART status 
(un/suppressive). 

prognosis is calculated 
for ART dropouts.  

HIV testing / diagnosis Testing is by type of test 
and population group 
and determines 
knowledge of status, but 
this is not linked to 
transmission since ART 
coverage is direct input.  

Testing is by population 
group and year, which 
determines knowledge of 
status, which allows 
linkage to care and 
initiation on ART based 
on coverage level. 

Whether tested or not in 
each period. Testing 
indicated in antenatal 
clinic, for symptoms 
potentially of HIV, 
general testing with 
various degrees of 
targeting at people with 
higher probability of 
infection. 

HIV testing/diagnosis is 
not explicitly represented 
but is considered a 
prerequisite for any 
initiation of treatment. 

HIV testing/diagnosis 
occurs voluntarily, at 
antenatal visits, or once 
symptomatic 

ART Risk of mortality while on 
ART is determined by 
age, sex, CD4 count at 
treatment initiation and 
duration on treatment.  

Risk of mortality while on 
ART is determined by 
dynamically changing 
CD4 count over the 
course of treatment. 

Specific drugs and their 
current level of activity 
given drug resistance, 
and current ART 
adherence. Being 
currently on ART has a 
small independent effect 
on risk of AIDS and HIV 
death over and above 
these. 

Risk of mortality while on 
ART is specific to whether 
ART was initiated early 
(CD4 ≥350) or late (CD4 
<350). 

Risk of mortality while on 
ART is determined by 
age, sex, CD4 count at 
treatment initiation and 
duration on treatment. 

ART interruption Immediate return to CD4 
count at time of 
treatment initiation. 
Survival progression 
identical to those who 
are treatment naïve.  

Substantial initial decline 
in CD4 count towards 
pre-ART nadir (consistent 
with Grund et al. 2006) 
and gradual return post-
interruption. Viral load 
return is dependent on 
viral load monitoring. 

Immediate viral load 
return to pre-ART level, 
substantial initial decline 
in CD4 count towards 
pre-ART nadir (consistent 
with Grund et al.).  

Mean survival time of 14 
years after stopping ART, 
exponentially distributed, 
based on the survival 
time for HIV-positive 
persons who have never 
been on ART (consistent 
with Todd et al. AIDS 
2007). A sensitivity 
analysis is also modelled 
using mean survival time 
of 32 years (Grund et al.) 
and 8 years after 
stopping ART (a 

CD4 count decreases 
following dropout from 
ART. Prognosis is 
recalculated based on the 
age and CD4 count at the 
time of dropping off ART. 
Computation of ART 
prognosis after re-
enrolling is identical to 
the initial enrollment 
with prognosis 
parameters 
corresponding to the age 



 

 

hypothetical worst-case 
scenario). Immediate 
return to pre-interruption 
ART on resumption of 
services with no effect on 
survival, except if 
individuals have already 
progressed to AIDS. 

and CD4 count at re-
enrollment.   

Mother to child 
transmission and its 
prevention 

Depends on CD4 count of 
the mother if no 
prophylaxis, or 
prophylaxis regimen; 
retention on prophylaxis 
at delivery, duration of 
breastfeeding, drop out 
of prophylaxis during 
breastfeeding 

Depends on CD4 count of 
the mother if no MTCT 
and breastfeeding 
practice. 

Dependent on viral load 
in the mother at birth. 

Mother to child 
transmission and PMTCT 
are not explicitly 
modelled. 

Depends on CD4 count of 
the mother if no 
prophylaxis, or 
prophylaxis regimen; 
retention on prophylaxis 
at delivery 

Other specific features  Timestep 0.1 of a year. 
This was customized and 
is 0.2 by default. 

Transmission of drug 
resistance. 

  



 

 

Table 2a. Predicted average relative excess in HIV-related deaths and new HIV infections in 1 year in over 2020 in countries in sub-Saharan Africa that 

would result from a 3- / 6-months disruption of specific HIV services.  

 

HIV service disruption 
 
 

Relative increase in HIV mortality in 1 year over 2020-2021 from a 3- / 

6-months disruption of services 
 

Relative increase in HIV incidence in 1 year over 2020-2021 from a 3- / 6-
months disruption of services 

Goals Optima HIV HIV 
Synthesis* 

Imperial 
Model 
 

EMOD Goals Optima HIV HIV 
Synthesis 

Imperial 
Model 

EMOD 

Suspension of VMMC services 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.01 1.003 /1.006 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 

Condom availability interrupted  1.001 /1.003 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.01  1.06 / 1.12 1.07 / 1.11 1.05 / 1.10 1.12 / 1.25 1.16 / 1.28 

Suspension of HIV testing  ------ 1.01 / 1.02 1.00 / 1.00 ------- 1.00*/ 1.00* ------ 1.00 / 1.01 1.00 / 1.00 ------- 1.01 / 1.01 

No new ART initiation ------ 1.03 / 1.05 1.00 / 1.00 1.03 / 1.06 1.01 / 1.02 ------ 1.02 / 1.04 ------ 1.02 / 1.04 1.01 / 1.05 

Suspension of PMTCT 1.05 / 1.10 1.06 / 1.12 ------- ------- ------ 1.04 / 1.08 1.03 / 1.09 ------ ------- ------ 

Viral load testing, enhanced 
adherence counselling and drug 
regimen switches stopped 

------ 1.11 / 1.23 1.00 / 1.00 1.00 / 1.00 1.02 / 1.05 ------ 1.04 / 1.09 ------ 1.03 / 1.07 1.02 / 1.01 

Increase in death rate in people 
with AIDS diseases due to over-
stretched health system 

------ ------ 1.05 / 1.07 1.08 / 1.16 ------ ------ ------ 1.00 / 1.00 1.00 / 0.99 ------ 

ART interruption 1.43 / 2.12 1.35 
(1.13 – 1.61) / 
1.87  
(1.20 – 2.49) 

1.88 / 2.80 1.72  
(1.25 – 2.34) / 
2.28  
(1.44 – 3.36) 

2.31 / 2.74 1.10 / 1.28 1.11 / 1.23 ------ 1.17  
(1.16 – 1.20) /  
1.32  
(1.30 – 1.36) 

2.72 / 3.45 

  



 

 

Table 2b. Predicted average relative excess in HIV-related deaths and new HIV infections per year for 5 years over 2020-2024 in countries in sub-Saharan 

Africa that would result from 3- / 6-months disruption of specific HIV services. 

 

HIV service disruption Relative increase in HIV mortality in 5 years over 2020-2024 from a 3- 

/ 6-months disruption of services 
 

Relative increase in HIV incidence in 5 years over 2020-2024 from a 3- / 6-
months disruption of services 

Goals Optima HIV HIV 
Synthesis 
 

Imperial 
Model 

EMOD Goals Optima HIV HIV 
Synthesis 

Imperial 
Model 

EMOD 

Suspension of VMMC services 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.003/1.006 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 

Condom availability interrupted  1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.00 1.00 / 1.01 1.01 / 1.02 1.02 / 1.03 1.02 / 1.02 1.02 / 1.05 1.03 / 1.06 

Suspension of HIV testing  ------ 1.01 / 1.02 1.00 / 1.00 ------ 1.00 / 1.01  1.00 / 1.01 1.00 / 1.00 ------ 1.01 / 1.01 

No new ART initiation ------ 1.01 / 1.01 1.00 / 1.00 1.01 / 1.02 1.00 / 1.02  1.00 / 1.00 ------ 1.01 / 1.01 1.00 / 1.02 

Suspension of PMTCT 1.02 / 1.04 1.03 / 1.06 ------ ------ ------- 1.01 / 1.02 1.01 / 1.02 ------ ------ ------- 

Viral load testing, enhanced 
adherence counselling and drug 
regimen switches stopped 

------ 1.03 / 1.07 1.00 / 1.00 1.00 / 1.00 1.02 / 1.03  1.01 / 1.03 ------ 1.01 / 1.02 1.02 / 1.03 

Increase in death rate in people 
with AIDS diseases due to over-
stretched health system 

------ ------ 1.00 / 1.00 1.00 / 1.00 ------  ------ 1.00 / 1.00 1.00 / 1.00 ------ 

ART interruption  1.20 / 1.40 1.20 / 1.35 1.23 / 1.41 1.24  
(1.10 – 1.39) / 
1.46  
(1.18 – 1.80) 

1.27 / 1.46 1.02 / 1.09 1.06 / 1.11 ------ 1.05  
(1.05 – 1.05) /  
1.08  
(1.08 – 1.10) 

1.33 /1.49 

 

 

 



 

 

Footnotes to Table 2: 

Optima HIV: Values in the table are for all ages. Interruptions commence on 1 March 2020. Numbers of circumcisions are held constant over the disruption period, as it 

was assumed no new circumcisions would be performed due to physical distancing concerns. Changes in sexual contacts due lockdowns could be assumed as an increase in 

acts between regular partners and a decrease between casual and commercial partners; however, since there is uncertainty around the common change across all 

countries modeled no behaviour were modeled. 

HIV Synthesis: Values of 1.00 indicate estimate is not discernibly different from 1.00 given stochastic variation.  Figures in the Table are for adults only and are for 4 three- 

month periods 2020.25-2021.00, or 20 periods 2020.25-2025. Suspension of PMTCT is not considered separately from interruption of all ART, which has an effect on MTCT. 

Estimates of disruption of PrEP programs should be understood in the context of overall only 0.2% of women aged 15-25 being on PrEP so it is not possible to discern clear 

impact of suspension. There is an impact on MTCT of interruption of ART, with an excess of 1.67 / 2.07 times more babies born with HIV in 1 year as a result of 3 / 6 months 

of disruption.  

Imperial model: Interruptions begin from 2020.5 and last for three months or six months, with outcomes determined over one or five years following the beginning of the 

interruption. Figures in the table are an average of three countries in sub-Saharan Africa (Malawi, South Africa, and Zimbabwe) and are for adult mortality and new 

infections only. Numbers in parentheses are confidence intervals for survival estimates of individuals who have stopped ART (point estimate = mean survival time off of 

ART of 14 years, lower bound = mean survival time off of ART of 32 years, upper bound = mean survival time off of ART of 8 years), with more details provided in the 

Appendix.  Each scenario is modelled independently of other scenarios. 

EMOD: Values with 1.00* in the table indicate that differences in estimates were non-significant given the stochastic variation. Interruptions commenced on 1 July 2020 to 

31 October 2020 and 31 December 2020 for 3- and 6-months disruption, respectively. To estimate the impact of condom availability interruption, transmission probability 

per coital act was increased by an average of 54% during the disruption interval. Transmission risk factor returns to default values after the disruption period.  



 

 

Table 3. Predicted excess deaths over 1 year due to 6 months interruption of ART 
 

Country Estimated HIV-
related deaths in 
2018* 

Excess HIV-related deaths over 1 year 

GOALS Optima HIV HIV Synthesis Imperial Model** EMOD 

South Africa 71,000 110,000 84,000 83,800 81,100  
(25,300 - 161,500) 

140,900 

Malawi 13,000 34,000 18,000 24,100 13,300  
(4,400 – 26,200) 

23,400 

Mozambique 54,000 92,000 54,000 58,500 69,100  
(23,800 – 127,400)† 

--------- 

Zimbabwe 22,000 48,000 21,000 28,000 21,300  
(7,000 – 42,000) 

33,400 

Eswatini 2,400 6,100 4,700 9,200 3,100  
(1,100 – 5,700)† 

5,800 

Lesotho 6,000 14,000  7,600 7,700  
(2,600 – 14,200)† 

6,600 

Uganda 23,000 52,000 43,000 48,600 29,400  
(14,200 – 54,300)† 

30,400 

Kenya 25,000 58,000 38,000 46,200 32,000  
(11,000 - 59,000)† 

38,800 

Botswana 4,800  9,500 19,350 6,100  
(2,100 – 11,300)† 

10,200 

Tanzania 25,000 48,000 24,000 31,600 32,000  
(11,000-59,000)† 

33,600 

Eastern & Southern Africa 310,000  380,000 465,000 397,000  
(136,000 – 732,000)† 

404,900 

       

Cameroon 17,000 18,000 15,000 18,600 21,800  14,500 



 

 

(7,500 – 40,100)† 

Cote d’Ivoire 16,000 13,000 12,000 17,800 20,500  
(7,000 – 37,800)† 

6400 

Nigeria 53,000 65,000 52,000 52,500 67,800  
(23,300 – 125,100)† 

27,000 

Western & Central Africa 160,000  140,000 208,000 205,000  
(70,000 – 378,000)† 

66,100 

       

Sub-Saharan Africa 470,000  520,000 673,000 602,000  
(207,000 –1,109,000)† 

471,000 

 

* UNAIDS Data 2019 [4].   ** Imperial Model: Numbers in parentheses are confidence intervals for survival estimates of individuals who have stopped ART as described in 

Table 1. †Figures are estimated by applying the relative increase in HIV mortality over 1 year from Table 2a to estimated HIV-related deaths in 2018 by country.  In EMOD, 

the number of deaths during an ART interruption in each setting is assumed to be proportional to the number on ART with viral load suppression at the time of the 

interruption



 

 

 


