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Abstract

Objective To estimate the outcome of programmes on human immunodeficiency virus and
acquired immunodeficiency syndrome (HIV/AIDS), tuberculosis and malaria in Malawi across
multiple health domains.

Methods We used an integrated epidemiological and health system model to estimate the
impact of HIV/AIDS, tuberculosis and malaria programmes in Malawi from 2010 to 2019. We
incorporated interacting disease dynamics, intervention effects and health system use in the
model. We examined four scenarios, comparing actual programme delivery with hypothetical
scenarios excluding the health programmes individually and collectively.

Findings From 2010 to 2019, an estimated 1.08 million deaths and 74.89 million disability-
adjusted life years were prevented by the HIV/AIDS, tuberculosis and malaria programmes. An
additional 15 600 deaths from other causes were also prevented. Life expectancy increased by
13.0 years for males and 16.9 years for females. The programmes accounted for 18.5%
(95% uncertainty interval, Ul: 18.2 to 18.6) of all health system interactions, including 157.0 million
screening and diagnostic tests and 23.2 million treatment appointments. Only 41.5 million
additional health worker hours (17.1%; 95% Ul: 15.9 to 17.4%) of total health worker time) were
needed to achieve these gains. The HIV/AIDS, tuberculosis and malaria programmes required
an additional 120.7 million outpatient appointments, which were offset by a net decrease in
inpatient care (9.4 million bed-days) that would have been necessary in their absence.

Conclusion HIV/AIDS, tuberculosis and malaria programmes have greatly increased life
expectancy and provided direct and spill-over effects on health in Malawi. These investments
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reduced the burden on inpatient and emergency care, which requires more intensive health
worker involvement.
Introduction
Between 2010 and 2020, Malawi’s substantial investments in human immunodeficiency virus and
acquired immunodeficiency syndrome (HIV/AIDS), tuberculosis and malaria programmes have

significantly reduced disease burden.! This decade of targeted interventions saw remarkable progress in

public health through comprehensive testing, treatment and preventive services.

Widespread access to antiretroviral therapy (ART) for HIV has improved life expectancy and
health for individuals living with HIV/AIDS in Malawi. The adoption of the Joint United Nations
Programme on HIV/AIDS (UNAIDS) 90-90-90 targets resulted in a decrease in new HIV infections
between 2010 and 2020, from 58 000 to 17 000 cases annually, and a reduction in AIDS deaths from
37000 to 13 000.2 Coverage of prevention of mother-to-child transmission services was estimated to
reach 96.3% for maternal ART and 92.3% for infant prophylaxis by 2021.3 Tuberculosis control efforts
have improved case detection rates from 42.0% (21 152/50 362) in 2010 to 56.0% (14 977/26 744) in
2020, while the tuberculosis treatment success rate for drug-sensitive strains reached 89.0%

(13 330/14 977).% Insecticide-treated bednets and effective antimalarial drugs have substantially reduced
malaria morbidity and mortality. In 2020, malaria incidence decreased to 219 cases per 1000 people, from
381 cases per 1000 people in 2010. Similarly, the malaria mortality rate dropped to 38 deaths per 100 000
people, compared with 73 deaths per 100 000 people in 2010.°

While the direct health benefits of these programmes are clear, their broader health system
implications and spill-over effects are less explored.®® For instance, controlling HIV infections can lead
to reductions in risks associated with diarrhoeal disease,’ acute lower respiratory illness,'* childhood
undernutrition and stunting,'! non-AIDS cancers,'? cardiovascular and cerebrovascular disease,'®
depression,'* and maternal anaemia.'> Similarly, malaria control efforts can reduce the risk of conditions
such as maternal anaemia, stillbirth and preterm birth.'® Additionally, tuberculosis control has been linked
to a decrease in the incidence and severity of diabetes.!” Therefore, HIV/AIDS, tuberculosis and malaria
programmes may have far-reaching health effects beyond their primary targets, potentially influencing

health-care use and overall health-system demand.

The evaluation of global health programmes traditionally relies on disease-specific models that
focus solely on their individual health effects.®'®?° This vertical approach, however, has limitations
because it cannot capture the broader benefits of these interventions on other health conditions.
Furthermore, the approach cannot account for individuals with multiple infections who might be counted

in the deaths averted in multiple programmes. This situation can lead to an inflated sense of programme
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effectiveness, as someone potentially saved from one disease might still succumb to another within the

same time.

To address these limitations, health-system modelling is becoming important, as this approach can
consider the real-world complexity of health-care systems and allow for the evaluation of programmes
with a wider perspective.?! Modelling can quantify the programme’s effect on the entire spectrum of
health conditions and health-care system use. Additionally, modelling can assess the overall needs of the
health-care system associated with HIV/AIDS, tuberculosis and malaria programmes, both in the context
of programme implementation and inaction.

As Malawi begins extensive health-system reforms, a comprehensive health-system modelling

framework is clearly required that can provide a panoramic view of the health-care landscape.?>?

In this study, we use a whole health-system model to quantify the effect that HIV/AIDS,
tuberculosis and malaria programmes have had in Malawi between 2010 and 2019 by: (i) estimating the
direct health benefits of the combined programmes; (ii) estimating the spill-over effects into other health
conditions; (iii) quantifying the demands on the health system required to achieve these health benefits;
and (iv) simulating the hypothetical demands on the health system had the three programmes not

operated.

Methods

Thanzi la Onse model

We used the Thanzi la Onse model, which is a dynamic whole health-system model that simulates the
lifetime health of a representative Malawian population cohort.?* The model, detailed online with
accessible source code, has been validated against reported data on disease burden, health-system
engagement, availability of key consumables and service delivery volume.?>>® The model includes three
main features: a realistic representation of the Malawian health system; a simulated population facing
lifetime health hazards; and a statistical model of health-system engagement. Disease modules track the
onset, progression and care outcomes, while also capturing interactions between diseases based on
underlying biological and clinical mechanisms. Individuals are assigned demographic characteristics
based on survey data (e.g. age, sex and parity) and attributes related to lifestyle (e.g. education, wealth,
obesity and smoking), health (e.g. noncommunicable and infectious diseases, mental health and
reproductive or newborn health), and prior health-care use (based on treatment records and vaccination
history).?” Detailed contraception choices, pregnancy, labour and delivery are modelled and calibrated to

match available data.?

Health system capabilities
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The capabilities of the health system depend on the distribution of health workforce, availability of

essential medicines and diagnostic tools, and hospital bed capacity.?® The health system is divided into
four levels: community (village clinics and outreach); primary (health-care centres); secondary (district
hospitals); and tertiary (central hospitals). Each district has specific facilities for health-care delivery, with
resources pooled within these levels. The provision of care is governed by the Malawi clinical guidelines
and health-care-seeking behaviour is determined by individual factors such as symptom severity, wealth,
age and residence (rural or urban).3*-3? The availability of key medicines and consumables is a critical
factor in determining whether health-care appointments can proceed as planned; if these products are

unavailable, patients may either return later or default on their care.

Disease modules

Each interacting disease module had been calibrated to data with guidance from programme managers
and disease experts. The framework covers neonatal and early childhood conditions, maternal conditions,
communicable and noncommunicable diseases, and injuries, with additional risks modelled to align with
estimates of the Global Burden of Disease Study.>* Our analysis focuses on three diseases* (further

information in the online repository).*>

HIV

HIV risk in adults is modelled based on sexual contact, with varying risk factors including sex, wealth,
education, voluntary medical male circumcision, pre-exposure prophylaxis use, or commercial sex work
for females. Annual acquisition risk is calibrated using data from the Malawi population-based HIV
impact assessment and UNAIDS (2010-2022). Mother-to-child transmission is modelled across

pregnancy, labour and breastfeeding, influenced by maternal ART and infant prophylaxis.

HIV testing can occur via provider-initiated testing during clinic visits, self-initiated testing,
antenatal clinics, or routine testing for users of pre-exposure prophylaxis. Positive results prompt referrals
for treatment, with viral suppression determined at the start of treatment. Individuals may stop or default
from ART (due to stock-outs), seek to re-start later or undergo retesting as needed. Negative test results
prompt a referral to other appropriate services such as behaviour change counselling, voluntary medical

male circumcision or pre-exposure prophylaxis.

Tuberculosis

Active tuberculosis infections are based on untreated tuberculosis prevalence and individual risk factors
such as Bacillus Calmette—Guérin vaccination, obesity, smoking, HIV status and use of isoniazid
preventive therapy. Drug-sensitive and multidrug-resistant tuberculosis strains are modelled separately.
Tuberculosis relapse risk is higher for people living with HIV. Mortality is associated with smear status

and treatment success, and death occurs 1-5 months after disease onset.

4 0f 20



Publication: Bulletin of the World Health Organization; Type: Research
Article ID: BLT.24.292439
Following Malawi clinical guidelines, diagnostic tools include sputum smear microscopy,

GeneXpert, chest radiographs and clinical diagnosis, each with varying sensitivity and specificity.
GeneXpert is prioritized for people living with HIV and relapse cases, chest radiographs is required for
children younger than 5 years and clinical diagnosis is used if other tests are unavailable. Any positive
results prompt immediate treatment, with confirmed cases of multidrug-resistant tuberculosis receiving
specialized regimens. Isoniazid preventive therapy is given routinely to reduce active tuberculosis risk,
with a 6-month course for tuberculosis contacts and a 36-month course for people living with HIV who

are starting isoniazid preventive therapy with ART.

Malaria

An emulation model, based on an individual simulation calibrated to parasite prevalence data, captures
malaria risk.*® This model includes age-specific, district-level incidences of asymptomatic, clinical and
severe malaria in the presence of interventions such as indoor residual spraying and long-lasting
insecticide-treated bednets. The model reflects the full dynamics of Plasmodium falciparum transmission,
incorporating age and exposure-dependent immunity functions. By emulating this full transmission
model, we account for complex factors including seasonality, decay of maternal immunity and exposure-
dependent acquired immunity. Information on intervention coverage was taken from the Malaria Atlas

Project.’’

Malaria symptom onset occurs 7 days after infection, with clinical cases resolving through
treatment or self-cure. Patients with severe disease require emergency care and may die within 7 days
unless they receive appropriate treatment. The risks of clinical and severe malaria are increased in

individuals with unsuppressed HIV infections and mitigated by ART and co-trimoxazole use.

As per Malawi clinical guidelines, rapid diagnostic tests are used to confirm malaria diagnoses for
all patients presenting with fever and are also offered through community outreach programmes to both
symptomatic and asymptomatic individuals. Treatment is tailored to clinical severity, resolving symptoms
and clearing parasitaemia within 7 days. Pregnant women attending antenatal care services are provided

intermittent preventive treatment for malaria, which confers 6 weeks of protection against clinical disease.

Disease interactions

The Thanzi la Onse model includes a broad range of disease interactions (online repository).>> For
untreated HIV, interactions include increased risks of tuberculosis (relative risk, RR 5.0 for active
tuberculosis and RR 4.7 for relapse), altered tuberculosis presentation (35% smear-positive cases) and
increased risks of clinical and severe malaria, particularly in pregnant women (RR 4.0 and RR 2.8,
respectively). HIV also increases the risk of anaemia in pregnancy (RR 4.2), stunting in children (RR 1.5)

and diarrhoeal diseases (RR 5.6 for moderate to severe diarrhoea and RR 5.0 for diarrhoeal mortality).
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Tuberculosis-related interactions include the effects of diabetes, which increase the risk of active

tuberculosis (RR 1.5), relapse (RR 1.9) and mortality (RR 1.5). Malaria significantly affects maternal
health, raising risks of anaemia (RR 1.5), preterm labour (RR 3.1) and stillbirth (RR 1.8), with indirect

effects such as preterm labour contributing to stunting and diarrhoeal disease.

Many conditions additionally share risk factors; for example, excessive alcohol use can exacerbate
the risk or severity of cardiometabolic disorders, tuberculosis and mental health. Integrated health-care
approaches are included in the Thanzi la Onse model, such as HIV testing offered through tuberculosis
clinics, or bednets and intermittent preventive treatment of malaria given through antenatal care,
reflecting the standard Malawi clinical guidelines.>® While our focus was on interactions involving HIV,

tuberculosis and malaria, all disease interactions and care pathways are incorporated in the model.

Model simulations

The model was started in January 2010 with a representative simulated population of 147 000 (one
modelled person for every 100 so-called true individuals) and ran to December 2019. All code was
executed in Python programming language 3.8 (Python Software Foundation, Wilmington, United States
of America). We calibrated all disease modules to relevant data sources, including World Health
Organization reports (tuberculosis), UNAIDS data (HIV/AIDS), national surveillance data (HIV/AIDS
and tuberculosis) and the Global Burden of Disease (HIV/AIDS, tuberculosis and malaria).>*33-*8-40 We
made no further calibration for this analysis. We performed five model runs for each scenario, with
medians and 95% uncertainty intervals (UI) calculated for each output. We derived deaths and disability-

adjusted life years (DALYSs) averted from pairwise run comparisons, which we then summarized.

Definition of scenarios

We simulated the so-called actual scenario, depicting the services that were delivered throughout 2010—
2019, along with four hypothetical counterfactual scenarios where HIV/AIDS, tuberculosis and malaria
service packages were excluded individually or in combination for the duration of the simulation (Box 1).
Under the hypothetical scenarios, when we excluded the HIV, tuberculosis and malaria services, only
end-of-life or palliative care was provided for those conditions. We produced a summary of health status
and health-system use every year and calculated DALY s using published disability weights.*! We
evaluated differences between scenarios through a pairwise comparison of corresponding runs (e.g. run 0
with run 0, run 1 with run 1, and so on). To ensure consistency, each run within a scenario started from
the same initial conditions. We summarized the results using the median (UI). This method captures the
variations between runs initialized with different random seeds and gives distinct results compared to a
simple comparison of medians across draws. To calculate life expectancy at birth, we used standard life
table methods with 5-year age groups up to age 90+ years and adjusted to separately account for age

groups < 1 year and 1-4 years.*? We undertook a sensitivity analysis to quantify the marginal impact of
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HIV, tuberculosis and malaria programmes by contrasting the actual scenario with counterfactuals, where

each programme in turn was systematically included (online repository).*>

Ethical approval
The Thanzi La Mawa project received ethical approval from the College of Medicine Malawi Research

Ethics Committee (COMREC, P.09/23-0297) for the use of publicly accessible and anonymized

secondary data. No data were used requiring individual informed consent.

We followed the Guidelines for Accurate and Transparent Health Estimates Reporting (online

repository).

Results

Health impacts of the programmes

Direct health benefits

Excluding each set of services in turn and comparing population health with the actual scenario gave an
estimate of the health gains attributable to each programme (online repository).*> The provision of HIV-
related health-care services was estimated to have averted 31.95 million DALY (95% UI: 31.60 to
32.74 million) due to HIV/AIDS and 261 100 DALY (95% UI: 135 900 to 417 100 million) due to
tuberculosis during 2010-2019. Tuberculosis services directly prevented 5.48 million tuberculosis
DALYs (95% UI: 5.32 to 6.06 million). Tuberculosis services also prevented a further 1.04 million
HIV/AIDS DALY (95% UI: 573 600 to 1.55 million) through increased HIV testing during tuberculosis
care and reduced tuberculosis incidence in people living with HIV, for whom tuberculosis onset marks
the progression to AIDS. The provision of malaria services prevented 36.84 million DALY's

(95% UI: 35.94 to 37.25 million) due to malaria.

Moving from single programme estimates to a joint programme estimate captures the cross-
disease effects of the interventions (online repository).*> HIV/AIDS, tuberculosis and malaria
programmes, when considered in combination, have prevented 579 300 (95% UI: 570 900 to 586 100),
94200 (95% UI: 90 400 to 100 900) and 416 100 (95% UI: 414 000 to 420 800) deaths due to HIV/AIDS,
tuberculosis and malaria, respectively (Fig. 1). In addition, jointly the programmes have averted
74.89 million HIV/AIDS, tuberculosis and malaria DALY's (95% UI: 74.18 to 75.16 million) over a 10-
year period, increasing life expectancy at birth in 2019 for women by a median of 16.9 years (from a
median of 50.4 with no HIV/AIDS, tuberculosis and malaria services to median 66.1 years in the actual

scenario) and men by a median of 13.0 years (from 48.2 to 61.7 years; Fig. 2).

Spill-over effects
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Our findings show the effects of HIV/AIDS, tuberculosis and malaria services on multiple health

conditions. HIV services alone averted an estimated 1.99 million DALY's (95% UI: 1.37 to 2.31 million)
associated with childhood diarrhoea, acute lower respiratory illness, non-AIDS cancers and tuberculosis
between 2010 and 2019. Reductions in DALY attributed to HIV/AIDS (1.04 million DALYS;

95% UI: 573 600 to 1.55 million) and acute lower respiratory illness (140 700 DALY's; 95% UI: =211 300
to 419 200) were associated with tuberculosis services. Additionally, malaria services decreased the risk
of diabetes (42 200 DALYSs; 95% UI: —22 200 to 107 400) and neonatal disorders (337 100 DALYs;

95% UI: =112 800 to 324 300). Although the Uls suggest these effects are not statistically significant,

these reductions were observed in four out of five simulation runs.

Jointly, HIV/AIDS, tuberculosis and malaria services prevented 15 600 (95% UI: 4500 to 27 000)
deaths not caused by these diseases. These services together reduced mortality rates for non-AIDS
cancers (from 0.48 per person-year (95% UI: 0.46 to 0.49) to 0.44 per person-year (95% UI: 0.43 to
0.44)), childhood diarrhoea (from 0.25 per person-year; 95% UI: 0.23 to 0.25 to 0.20 per person-year;
95% UI: 0.18 to 0.21) and acute lower respiratory illness (from 0.85 per person-year; 95% UTI: 0.82 to
0.89 to 0.80 per person-year; 95% UI: 0.79 to 0.81). Reductions in DALY's per person-year (median %
change; 2.5th to 97.5th centile) were also noted for: kidney disease (—7.55; —18.50 to —1.34), acute lower
respiratory illness (—6.79; —9.68 to —2.73) and measles (—8.67; —15.65 to —0.51; Table 1). The overall
health benefits of HIV/AIDS, tuberculosis and malaria services are influenced by shifting demographics
(online repository);* reduced overall mortality rates and increased live birth rates increase person-years at

risk for conditions such as chronic obstructive pulmonary disease, diabetes, stroke and kidney disease.

Services required for programme delivery

During 2010-2019, 433.8 million (95% UI: 433.3 to 435.5 million) appointments were delivered for all
health conditions, including community and outreach services, outpatient and inpatient care, and
pharmacy and laboratory services, equivalent to 2.7 interactions per person per year (Table 2). Through
these appointments, the following HIV/AIDS, tuberculosis and malaria services were delivered: 157.0
million (95% UI: 156.4 to 157.5 million) screening or diagnostic tests; 22.7 million (95% UI: 22.5 to 22.9
million) preventive services including voluntary medical male circumcision, isoniazid preventive therapy
and pre-exposure prophylaxis; 23.2 million (95% UI: 23.1 to 23.2 million) treatment and follow-up
appointments; and 558 700 (95% UI: 547 510 to 560 700) inpatient days (online repository).> Fig. 3

shows the breakdown of appointments by disease area.

During this time, HIV/AIDS, tuberculosis and malaria programmes accounted for 18.5%
(95% UI: 18.2 to 18.6%) of all health-care service interactions, decreasing from 22.3% (95% UI: 22.0 to
22.7%) in 2010 to 16.0% (95% UI: 15.3 to 16.2%) in 2019 (online repository).>>. Without these

programmes, the perceived reduction in health-system usage would be offset by the needs of untreated
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patients. Specifically, there would have been an estimated 120.7 million fewer outpatient appointments,

2.0 million fewer laboratory services and 323 500 fewer pharmacy visits, but 9.4 million additional

hospital admissions and inpatient days, primarily for severe malaria and advanced HIV disease (Table 2).

Without HIV/AIDS, tuberculosis and malaria programmes, the health worker time required would
have been 201.49 million patient-facing hours, only slightly lower than the 243.04 million hours used.
Therefore, the adjusted cost in health worker time required by HIV/AIDS, tuberculosis and malaria
programmes over 10 years was 41.5 million hours, or 17.1% (95% UI: 15.9 to 17.4%) of all patient-
facing time (Table 3). Most of this difference was due to reduced demands on health surveillance

assistants, who perform malaria tests and other community services.

Discussion

HIV/AIDS, tuberculosis and malaria programmes accounted for almost a fifth of all health-system
interactions in Malawi between 2010 and 2019, delivering significant health gains while requiring
substantial clinical, nurse and pharmacist time. These programmes considerably reduced the burdens of
the targeted diseases while decreasing susceptibility to co-morbidities, such as acute lower respiratory
illness, diarrhoeal diseases and non-AIDS cancers. DALY averted are not mutually exclusive. For
example, both the HIV/AIDS and tuberculosis programmes can reduce HIV/AIDS- and tuberculosis-
related DALY, with similar interactions considered for co-infections such as malaria and HIV, which

ensures that the effects of co-infection are captured without double-counting.

Empirical studies show significant gains in life expectancy due to ART (10-year increase in
adults),* malaria elimination (6-year increase in children)** and overall health improvements (10-year
increase).* We show that HIV/AIDS, tuberculosis and malaria programmes implemented from pregnancy
and delivery through childhood and into adulthood have prevented more than 75 million DALY's within
10 years, increasing life expectancy at birth by 13.0 years in men and 16.9 years in women and reducing
inpatient admissions by nearly 1 million (9.4 million bed-days). This increased life expectancy also
exposes people to the risk of conditions such as depression and heart disease, highlighting the need for

integrated services that address both communicable and noncommunicable diseases.

Despite robust data for HIV/AIDS, tuberculosis and malaria programme outcomes, we found gaps
in key indicators and underreporting which created uncertainty. Expert input helped ensure consistency
between our model, existing models and programme data. The fixed 2018 estimate for the availability of
consumables may not fully reflect changes from 2010 or account for evolving treatment guidelines.*®
Additionally, a fixed human resource footprint could overestimate the service delivery time required.
Although the model prioritizes clarity and focuses on health outcomes and system delivery, it

underrepresents broader impacts such as workforce training, infrastructure and supply chain management.
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As such the model likely underestimates the overall benefits of HIV/AIDS, tuberculosis and malaria

programmes.*”*® While key disease interactions are captured, second-order effects (e.g. malaria and acute
lower respiratory illness) are excluded. HIV/AIDS, tuberculosis and malaria interventions, such as ART,
enhanced tuberculosis control and malaria prevention, provide cumulative benefits; for instance, malaria
interventions reduce mortality in children younger than 5 years within 2.5 years,* and so the full benefit

of the programmes may not be captured here.

Ongoing strategies within HIV/AIDS, tuberculosis and malaria programmes, including active
tuberculosis case finding, community testing and treatment adherence clubs, strengthen programme
outcomes; they achieved 90% tuberculosis treatment success rates in 2023 and reduced AIDS deaths to
about 11 000 annually.>® High-risk populations, including health workers, face high tuberculosis rates due
to ineffective infection control and overcrowded facilities, adding pressure to an already strained

system.>® Protecting these populations would further reduce health-system pressure.

Service delivery improvements have reduced the burden on health systems while increasing the
impact on health, with only 17.1% more of health worker time contributing to more than a 10-year
increase in life expectancy. This outcome highlights the efficiency of HIV/AIDS, tuberculosis and
malaria programmes. Further gains in efficiency could reduce overall demands on the health system and
hence support sustainability. When global health funding decisions are being made, a holistic
understanding of programme effectiveness and resource implications should guide prioritization to

maximize overall health impact.
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Box 1. Services included in each scenario for the period 2010-2019 and percentage
coverage in 2019, Malawi

Actual - all services available including for HIV/AIDS, tuberculosis and malaria, namely:

antiretroviral therapy: 85% in adults, 100% in children
prevention of mother-to-child transmission: 95%
pre-exposure prophylaxis for female sex workers: 5%
infant prophylaxis: 80%

voluntary medical male circumcision: 30%
tuberculosis treatment: 75%

tuberculosis preventive therapy: 67%

BCG vaccination: 91%

malaria treatment: 42%

insecticide-treated bednets: 79%

indoor residual spraying: 5%

intermittent preventive therapy for pregnant women (2 doses): 76%

co-trimoxazole: 89%?2

No HIV services — as for actual but with no HIV services, that is:

antiretroviral therapy, prevention of mother-to-child transmission, pre-exposure
prophylaxis, infant prophylaxis and voluntary medical male circumcision: all 0%

No tuberculosis services — as for actual but with no tuberculosis services, that is:

tuberculosis treatment, tuberculosis preventive therapy and BCG vaccination: all 0%

contact investigation for index cases: none

No malaria services — as for actual but with no malaria services, that is:

malaria treatment, insecticide-treated bednets, indoor residual spraying, intermittent
preventive therapy for pregnant women and co-trimoxazole: all 0%?

No HIV/AIDS, tuberculosis or malaria services, that is:

antiretroviral therapy, prevention of mother-to-child transmission, pre-exposure
prophylaxis, infant prophylaxis, voluntary medical male circumcision, tuberculosis
treatment, tuberculosis preventive therapy, BCG vaccination, malaria treatment,
insecticide-treated bednets, indoor residual spraying, intermittent preventive therapy for
pregnant women and co-trimoxazole: all 0%?

BCG: Bacillus Calmette—Guérin; HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome.

a Co-trimoxazole is given to people with HIV to prevent opportunistic infections; we only considered the effect on
malaria incidence and severity.

Note: All non-HIV/AIDS, tuberculosis and malaria services are consistently available as required across the
scenarios, reflecting the true service availability throughout this period. Average coverage values in eligible
populations are given for 2019 but they vary by district and year throughout the simulation.
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Table 1. Estimated impact of HIV/AIDS, tuberculosis and malaria services on DALYs per
person-year and the associated health system appointments, 2010-2019, Malawi

Disease programme
(disease)

No. of appointments, in thousands (2.5th to
97.5th centile)®

Median % (2.5th to 97.5th
centile) change in DALYs

per person-year with
HIV/AIDS, tuberculosis and
malaria services?

Actual scenario No HIV/AIDS,
tuberculosis and
malaria services

Acute lower respiratory
iliness

Antenatal care (maternal
disorders)

Bladder cancer

Breast cancer
Cardiometabolic
disorders®

Diabetes

Epilepsy

Heart disease

Kidney disease

Stroke

Contraception

Chronic obstructive
pulmonary disorder
Care during delivery
Neonatal disorders
Congenital birth defects
Depression (self-harm)
Diarrhoea

Expanded Programme
on Immunization
Epilepsy

HIV/AIDS

Malaria

Measles

Oesophageal cancer
Other adult cancers
Postnatal care
Prostate cancer

Road traffic injuries

Schistosomiasis
Tuberculosis

—6.79 (-9.68 to —2.73) 6630 (6526 10 6745) 6817 (6 755 to 6959)

-5.83(-31.00109.95) 24533 (24291 to 24 769) 23771 (23619 to 24 008)
203 (195 to 222) 179 (161 to 182)
204 (172 to 226) 207 (157 to 223)

10881 (10677 to 11 125) 11107 (10965 to 11 181)

12.66 (~0.74 to 22.61)
1.04 (-6.50 to 11.93)

2.26 (-3.42 to 10.40) NA NA
-9.11 (-13.73 to 4.74) NA NA
6.13 (~0.02 to 9.64) NA NA
~7.55 (-18.50 to —1.34) NA NA
2.26 (-7.38 to 11.43) NA NA
345124 (337 539 to 331995 (329843 to
352 158) 339810)
4.21(-0.34 to 16.68) 317 (294 to 332) 300 (287 to 308)
NAC 5057 (5006 to 5121) 4908 (4 874 to 4 938)
-4.99 (-11.17 to 1.40) NA® NA®
8.61 (-15.75 to 17.80) NA® NA®
3.73 (1.88 to 4.69) 325 (297 to 346) 324 (313 t0 327)
-24.95(-37.8110-19.24) 17076 (16938 to 17 130) 34356 (34 189 to 34 531)
NAC 99368 (98596t0 96390 (95772 to 97 011)
100 378)

-9.11(-13.73t104.74) 25157 (23565 to 25599) 25615 (24978 to 25931)

—234.27 (—242.02 to -224.29) 42917 (428051043186) 799 (793 to 808)
-392.04 (—409.75 to -383.98) 98178 (9754610 98499) 541 (531 to 547)
~8.67 (-15.65 to —0.51) 2618 (2611102643) 2530 (2512 to 2556)
~4.69 (—17.68 t0 9.09) 174 (156 to 179) 166 (144 to 198)
~12.07 (-14.41 to -6.27) 436 (420 to 501) 4438 (434 to 473)
NA? 9958 (987610 10136) 9726 (9700 to 9841)
~19.40 (-24.45 to —1.63) 121 (110 to 130) 119 (104 to 125)
2,57 (-6.58 to0 4.33) 309101 (294622 to 299 357 (295570 to
319903) 308391)
0.80 (-2.99 to 2.34) 712 (700 to 715) 1137 (1114 to 1 160)

-174.11 (-183.23 t0 -149.13) 62320 (62278 to 62 526) 155 (153 to 161)

Undernutrition NA® 326 (316 to 333) 630 (617 to 663)
First attendance NAf 8699 (8448 to 8 803) 9087 (8983 t0 9175)
emergency

First attendance non- NAf 33523 (33418 to 33553) 53998 (53 793 to 54 104)
emergency

DALY: disability-adjusted life year; HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency
syndrome; NA: not applicable.

a Median percentage change in DALYs per person-year was calculated as: (No HIV/AIDS, tuberculosis and malaria
scenario — actual scenario)/No HIV/AIDS, tuberculosis and malaria scenario x 100, representing the relative
changes in disease burden due to operational HIV/AIDS, tuberculosis and malaria programmes. Negative values
indicate HIV/AIDS, tuberculosis and malaria services have reduced the disease burden.
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P The number of appointments (in thousands) classified by disease programme for the actual scenario and if no
HIV/AIDS, tuberculosis and malaria services had been available. The data for the scenario of no HIV/AIDS,
tuberculosis and malaria services relate to end-of-life or palliative care, which would not have any positive effect on
health but would still be offered even in the absence of the HIV/AIDS, tuberculosis and malaria programmes. First
attendance appointments refer to general outpatient appointments which are stratified into emergency and non-
emergency appointments.

¢ DALYs are classified into subcategories, while appointments are classified as cardiometabolic disorders.
4 No DALYs are incurred.

¢ No specific appointment type.

f These are appointment types and are not linked with a specific cause of DALYs.

Note: The median values of five runs are shown for each scenario along with the lower (2.5th centile) and upper
(97.5th centile) bounds.

Table 2. Estimated numbers of appointments required to provide health-care services
including and excluding HIV/AIDS, tuberculosis and malaria services

Type of appointment Appointment numbers Appointment numbers (2.5th to
(2.5th to 97.5th centile) 97.5th centile) required in the no

required in the actual HIV/AIDS, tuberculosis and malaria
scenario, in millions scenario, in millions

Outpatient 344.21 (343.79 to 345.88) 223.76 (223.12 to 224.20)

Laboratory® 2.95(2.92t03.02) 0.96 (0.94 t0 0.97)

Pharmacy 6.13 (6.02 to 6.32) 5.85(5.73 10 5.94)

Inpatient 80.61 (80.25 t0 80.91) 89.77 (89.67 t0 90.53)

HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome.
a Laboratory services are currently only included in the model with HIV/AIDS, tuberculosis and malaria services.

Table 3. Estimated hours of each type of health worker required to provide health-care
services including and excluding HIV/AIDS, tuberculosis and malaria services

Type of health worker Hours (2.5th to 97.5th Hours (2.5th to 97.5th % (95% UlI) reduction
centile) required in the centile) required in the  in health-worker time
actual scenario, in no HIV/AIDS, in the no HIV/AIDS,
millions tuberculosis and tuberculosis and
malaria scenario, in malaria scenario?®
millions
Clinicians 94.22 (93.24 to 94.53) 81.94 (81.78 to 82.94) 12.93 (11.08 to 13.40)
Health surveillance 6.40 (6.38 to 6.45) 0.05 (0.05 to 0.05) 99.27 (99.4 t0 99.28)
assistants
Laboratory technicians 0.54 (0.53 t0 0.55) 0(0to0)° 100.00 (100.00 to
100.00)
Mental health workers 0.07 (0.06 to 0.07) 0.06 (0.06 to 0.07) 2.22 (-7.87 t0 10.42)
Nurses and midwives 113.74 (113.61 to 114.14) 96.20 (96.11 to 97.08) 15.40 (14.59 to 15.67)
Pharmacists 27.58 (27.42 to 27.69) 22.82 (22.76 to 22.85) 17.39 (16.71 to 17.74)
Radiographers 0.49 (0.48 t0 0.49) 0.41(041t00.42) 15.19 (12.93 to 15.69)
Total 243.04 (241.72 to 243.43) 201.49 (201.16 to 17.07 (15.92 to 17.40)
203.35)

HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome; Ul: uncertainty interval.

a We calculated the percentage reduction in hours through a pairwise comparison run-by-run when comparing the
hypothetical scenario excluding HIV/AIDS, tuberculosis and malaria services to the actual scenario.

b Laboratory services are currently only included in the model with HIV/AIDS, tuberculosis and malaria services.
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Fig. 1. Mortality rates due to HIV/AIDS, tuberculosis, malaria and all causes by scenario,
2019
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HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome; Ul: uncertainty interval.

Note: The error bars show the 95% Uls across the five model runs for each scenario.
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Fig. 2. Estimated life expectancy at birth for males and females by scenario, 2019
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HIV/AIDS: human immunodeficiency virus/acquired immunodeficiency syndrome; Ul: uncertainty interval.

Note: The error bars show the 95% Uls across the five model runs for each scenario.
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Fig. 3. Estimated number of HIV/AIDS, tuberculosis and malaria appointments delivered
by each programme between 2010 and 2019
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HIV: human immunodeficiency virus; Ul: uncertainty interval.

Notes: Some services are integrated within other appointments or delivered in the community. The error bars show
the 95% Uls across the five model runs for each scenario.
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