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a b s t r a c t   

Background: Although Namibia started implementing pre-exposure prophylaxis (PrEP) of Human 
Immunodeficiency Virus (HIV) in 2016, no study to determine its budget impact has been conducted. This 
study, therefore, aimed to estimate the budget impact of adopting tenofovir/emtricitabine for PrEP of HIV 
for all eligible people in the public health sector in Namibia from 2021 to 2023. 
Methods: A country-specific model was developed for this budget impact analysis (BIA). PrEP has targeted 
all eligible people in Namibia who receive health services from the public sector. It was assumed that the 
adherence rate was 75% and PrEP effectiveness 60% in this study. Costs used in this study were taken from a 
study that included Namibian costs. 
Results: The BIA suggests that adopting PrEP may be cost saving as US$104 823, US$143 620, and US$182 
452 of additional HIV care costs will potentially be saved in 2021, 2022, and 2023, respectively. Cost savings 
rely on high adherence rates, high PrEP effectiveness rates, low PrEP costs, and a small number of people 
living with HIV (PLHIV). 
Conclusion: Further economic analysis could aid decision-making in Namibia, both to stress test assump-
tions in the BIA and conduct cost-effectiveness analysis to estimate the value for money of PrEP. 
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 
Sciences. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/ 

4.0/).   

1. Introduction 

From the beginning of the Human Immunodeficiency Virus (HIV) 
epidemic in 1981, 79.3 million people globally have become infected 
with HIV as of 2020. By 2020, of the people who got HIV since the 
beginning of the epidemic, 36.3 million had died from Acquired 
Immunodeficiency Syndrome (AIDS)-related illnesses, while 37.7 
million were living with HIV. In 2020 alone, 1.5 million people be-
came newly infected with HIV globally and 84% of people living with 
HIV (PLHIV) knew their HIV status. Of the PLHIV who knew their HIV 
status, 87% were accessing antiretroviral therapy (ART) and among 

those accessing ART, 90% were virally suppressed [1]. Eastern and 
Southern Africa carry the most significant burden of the HIV epi-
demic as 55% of all the PLHIV were in the region in 2020 [1]. 

Furthermore, almost half of people newly infected with HIV 
globally were in Eastern and Southern Africa [1]. Namibia, a country 
whose population is 2.5 million, has 8.3% of its population living 
with HIV. The HIV incidence rate per year is 0.23% and of the PLHIV 
in the country, 95% are aware of their status while among those on 
ART, 92% are virally suppressed [2]. People who do not know their 
status or know their status but are not yet on treatment, and those 
who are on treatment but not virally suppressed, are likely to 
transmit the infection to their partners thereby driving the epi-
demic [3]. 

The United States of America President's Emergency Plan for 
AIDS Relief (PEPFAR) Namibia, provided technical assistance to 
support the adoption of PrEP in Namibia's national guidelines in 
2016. People who were put on PrEP increased from 4702 in 
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2018–10,583 in 2019 [2]. The recommended regimens for oral PrEP 
in Namibia are a daily dose of tenofovir/emtricitabine or tenofovir/ 
lamivudine. The ministry of health and social services (MOHSS) 
emphasises that PrEP should be offered in combination with other 
HIV prevention methods like HIV testing, Voluntary Medical Male 
Circumcision (VMMC), sexually transmitted infections (STI) pre-
vention and management, and providing ART to HIV-positive part-
ners in serodiscordant relationships. Oral PrEP should be offered to 
any sexually active HIV-negative person at risk of acquiring HIV [5]. 

According to PrEP guidelines in Namibia, during the first visit for 
PrEP initiation, a patient should be tested for HIV and taken blood for 
testing creatinine clearance, hepatitis B surface antigen (HBsAg), and 
syphilis (Rapid Plasma Reagin). HIV-negative patients are supplied 
with PrEP for one month, while HIV-positive patients have further 
tests for ART initiation [5]. The second visit should be done after a 
month and another HIV test is done and patients are assessed for 
drug adherence and tolerability. Those adhering to the drugs and 
tolerating them are then supplied with PrEP drugs for two months  
[6]. The third visit will be three months after PrEP initiation, and 
another HIV test is done while tolerability and adherence issues are 
discussed again. Patients are then given three months supply of PrEP 
drugs. After the third visit, patients are seen every three months and 
during each visit, they have an HIV test while creatinine clearance is 
tested every six months. Although PrEP can be stopped if a person 
feels that they are no longer at risk, this should be done after 28 days 
of the last potential exposure to HIV [5]. 

A scoping review on studies addressing the budget impact of 
adopting PrEP of HIV for all eligible people did not retrieve any study 
done in Namibia [7]. This study, therefore, aimed to estimate the 
budget impact of adopting tenofovir/emtricitabine for PrEP of HIV 
for all eligible people in the public health sector in Namibia from 
2021 to 2023. It was anticipated that the findings would be used to 
inform the MOHSS on the affordability of implementing PrEP in the 
public sector. The MOHSS might have also used the data to source 
funds for the program from international partners. 

2. Methods 

2.1. Model of analysis 

A country-specific model was developed for this BIA, and it was 
validated by a health economics expert. To analyse the budget im-
pact of tenofovir/emtricitabine, the population that might benefit 
from the intervention was determined, and this was based on the 
prevalence of the disease in Namibia [2]. This helped in the calcu-
lation of the total costs required to offer PrEP to eligible patients in 
the public health sector. The analyses were done in Microsoft Excel 
and were based on assumptions on PrEP effectiveness, coverage of 
PrEP in the population, and the number of HIV infections likely to be 
averted. 

2.2. Model assumptions and calibration 

The MOHSS is responsible for paying for PrEP in the public health 
sector in Namibia [5]. Reflecting this, the perspective of BIA was 
taken as that of the MOHSS. The time horizon chosen for BIA studies 
depends on the length of the budgeting process of the budget holder  
[8]. Considering that MOHSS has annual budgets, the researcher 
chose a time horizon of three years, from 2021 to 2023 but reported 
the BIA of each year separately. Such a short time horizon was se-
lected because the variables used in the BIA model were not ex-
pected to have changed significantly within that period. Discounting 
should be performed in BIA studies that take the medium to long- 
term time horizons. Discounting is a mathematical procedure used 
to adjust future costs and outcomes of healthcare interventions to 

their present value [9]. Since this BIA covered a short time horizon of 
three years, discounting was not performed. 

The effectiveness of tenofovir/emtricitabine for HIV PrEP ranges 
from about 44% to as high as 100%. The effectiveness is influenced by 
adherence. Adherence to PrEP is affected by several factors, in-
cluding stigma, low-risk perception, side effects, and low decision- 
making power. Adherence can be measured using methods such as 
self-reports, pill count, electronic methods, and plasma concentra-
tion of the drugs [10]. The level of effectiveness of PrEP affects its 
cost-effectiveness because it determines the number of HIV cases 
that are prevented [11]. Different studies use different methods to 
measure adherence, so this made it difficult to have reliable figures 
for PrEP adherence in Namibia. A study done in Namibia revealed 
that the adherence rate of patients to anti-hypertensive medications 
ranged from 55% to 93% [12]. Reflecting this, adherence was assumed 
to be 75% and effectiveness 60% in this study as these figures were 
the averages in the studies reviewed and it was also assumed that 
only those adherent to PrEP would benefit from it. 

To estimate the number of PLHIV likely to transmit HIV in the 
population, data on the number of undiagnosed, patients diagnosed 
but not yet on treatment, and patients on treatment but not virally 
suppressed (Viral load > 50 copies/ml) were determined. These data 
were sourced from PEPFAR [2], and the data presented by PEPFAR 
were based on the Namibian 2020 Spectrum model, a program used 
to estimate key HIV indicators for national programmes inter-
nationally. The spectrum model's data are considered valid and re-
liable since they are based on the latest statistics gathered from 
surveys, censuses and special studies [13]. The estimates on the 
number of PLHIV likely to transmit HIV in this BIA were based on the 
95–95–92 treatment cascade which Namibia is estimated to have 
reached. This means that 95% of people with HIV in Namibia know 
their HIV status, 95% are on treatment, and 92% are virally sup-
pressed [1]. A propagation factor can be used to calculate the 
number of people likely to acquire HIV in the population. This factor 
is calculated by first estimating the number of PLHIV likely to 
transmit HIV and the number newly diagnosed with HIV in the 
population. These numbers are then compared to create a ratio, 
which is the propagation factor [14]. 

Since the number of PLHIV likely to transmit in 2021 was 35 526 
and the number newly diagnosed with HIV was 5 331 [2], the pro-
pagation factor was 6.7:1. This means that for every 67 PLHIV likely 
to transmit HIV, 10 people would get infected. This propagation 
factor was used for three years. Since the adherence rate to PrEP was 
assumed to be 75% and PrEP effectiveness 60%, the number of new 
infections likely to be prevented through the use of PrEP was cal-
culated by multiplying the number of HIV-negative people likely to 
acquire HIV by 75% and then by 60%. The number of people likely to 
acquire HIV with no PrEP was similar to the number of HIV-negative 
people at risk of acquiring HIV. However, the adoption of PrEP was 
determined by subtracting the number of new infections likely to be 
prevented by PrEP from the number of HIV-negative people at risk of 
acquiring HIV. 

About 95% of people in Namibia know their status, and 95% of 
these will enter HIV [2]. For this BIA, the number of newly infected 
people likely to enter HIV care in the absence of PrEP was calculated 
by multiplying the number of HIV-negative people likely to acquire 
HIV by 95%. The result of this calculation was assumed to be the 
number of people likely to know their HIV status. This number was 
again multiplied by 95% to estimate the number likely to enter HIV 
care. It was assumed in this study that patients already on ART 
would remain on ART, and mortality was not considered to simplify 
the model calculations. The number likely to acquire HIV even with 
PrEP use were assumed to know their HIV status since they under-
went HIV test at very visit. To determine the number of newly in-
fected people likely to enter HIV if PrEP was adopted, the number 
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that acquired HIV when using PrEP was multiplied by 95%, which is 
the rate of entry into HIV care. 

2.3. Budget impact of PrEP 

Costs used in this study were taken from a survey that included 
Namibian prices. The already existing infrastructure was found to be 
adequate for the PrEP program so no initial capital investment would 
be required for infrastructure in this BIA. The costs covered training, 
adherence, demand generation, laboratory tests, personnel, drug, 
equipment, and facility costs. According to the study, the annual 
expenses of PrEP per patient are US$236 while HIV care costs per 
patient are US$673. HIV care costs include preventive therapy like 
cotrimoxazole prophylaxis, fluconazole prophylaxis, and isoniazid 
prophylaxis where necessary. Other additional tests in HIV care in-
clude CD4 count and viral load monitoring [15]. These costs were 
used for the three years and the budget impact of PrEP was de-
termined by comparing the total additional costs that MOHSS may 
incur if PrEP is not adapted to the additional costs that may be in-
curred if PrEP is adopted. 

2.4. Sensitivity analyses 

Univariate sensitivity analysis was carried out on the number of 
PLHIV, PrEP effectiveness, PrEP costs, adherence to PrEP, and ART 
costs. PrEP effectiveness was considered for sensitivity analysis be-
cause the effectiveness has a wide range of 44–100% [10]. Therefore, 
the number of people who might be prevented from acquiring HIV 
would vary widely, resulting in considerable differences in the total 
costs of PrEP and ART. The expenses of PrEP and ART were also 
considered for sensitivity analyses because these costs can be af-
fected by the introduction of generic drugs into the market and in-
flation. Furthermore, sensitivity analyses done for similar studies 
were mainly sensitive to these parameters [14,19–21]. Best-case and 
worst-case scenarios were also determined and the best-case sce-
nario was created by reducing PLHIV and PrEP costs by 10% while 
increasing HIV care costs by 10%, PrEP effectiveness increased to 70%, 
and adherence rate to 85%. In the worst-case scenario, PLHIV and 
PrEP costs were increased by 10%, while HIV care costs were reduced 
by 10%, PrEP effectiveness reduced to 50%, and adherence rate 
to 65%. 

3. Results 

3.1. Budget impact of PrEP 

HIV statistics for Namibia for 2021 used in this BIA are presented 
in Table 1. Table 1 shows several variables, including the number of 
PLHIV. Using the 95–95–92 cascade of treatment that Namibia is 
estimated to have reached, the other variables were computed from 
the number of PLHIV. The number of people likely to transmit HIV is 
estimated to be 35 526, while the number of people at risk of ac-
quiring HIV is 5 302. The number of people likely to acquire HIV may 
reduce from 5 302–2 916, which is a 45% reduction. Lastly, the 
number of people who acquire HIV who are likely to enter into HIV 
care without the adoption of PrEP is estimated to be 4 785, while 
with the adoption of PrEP is 2 770, which may amount to a 42% 
reduction. 

HIV statistics for Namibia for 2021 used in this BIA are presented 
in Table 2. The figures shown in Table 2 above were calculated as-
suming that those already on HIV care might continue as before, and 
there were no deaths in the population. It was also assumed that if 
there is no adoption of PrEP, all the people who are likely to acquire 
HIV in 2021 may acquire it while only 2 916 may acquire it if PrEP 
were adopted. The number of people likely to transmit HIV may 
amount to 36 452 if no PrEP is adopted, while if PrEP is adopted, it 

may amount to 36 047. The number of people at risk of acquiring HIV 
may amount to 5 441 without the adoption of PrEP and 5 380 if PrEP 
is adopted. The number of people likely to acquire HIV may reduce 
from 5 441–2 959, which is a 45.6% reduction. Lastly, the number of 
people who may acquire HIV who will likely enter into HIV care 
without the adoption of PrEP may amount to 4 911 while with the 
adoption of PrEP it may amount to 2 811, which is a 42.8% reduction. 

HIV statistics for Namibia for 2023 used in this BIA are presented 
in Table 3. Table 3 shows that the number of people likely to transmit 
HIV may amount to 37 375 if no PrEP is adopted, while if PrEP is 
adopted, it may amount to 36 549. The number of people at risk of 
acquiring HIV may amount to 5 578 without the adoption of PrEP 
and 5 455 if PrEP is adopted. The number of people likely to acquire 
HIV may reduce from 5 578–3 000, which is a 46.2% reduction. 
Lastly, the number of people who may acquire HIV who will likely 
enter into HIV care without the adoption of PrEP may amount to 5 
034, while with the adoption of PrEP it may amount to 2 850, which 
is a 43.4% reduction. 

The budget impact analysis results for the three years are shown 
in Table 4. BIA results suggest that if PrEP is not adopted in Namibia, 
MOHSS may need an additional amount of US$3 220 305, US$3 305 
103, and US$3 387 882, to provide HIV care for an additional 4 785, 4 
911, and 5 034 people who may enter into HIV care in 2021, 2022, 
and 2023, respectively. However, if PrEP is adopted, the MOHSS may 
only require an additional amount of US$3 115 482, US$3 161 483, 
and US$3 205 430, to finance PrEP costs and HIV care for the extra 2 
770, 2 811, and 2 850 people who may need to enter into HIV care in 
2021, 2022, and 2023, respectively. Adoption of PrEP may save the 
MOHSS US$104 823, US$143 620, and US$182 452 in 2021, 2022, and 
2023, respectively, compared to a situation where PrEP is not 
adopted. This means the additional costs on HIV care may reduce by 
3.3%, 4.3%, and 5.4% in 2021, 2022, and 2023, respectively. Therefore, 
a 1% increase in cost savings may be realised annually from 2022. 

3.2. Sensitivity analyses 

The results of the sensitivity analyses are presented in Table 5.  
Table 5 shows that no cost savings may be achieved if PrEP effec-
tiveness is reduced by 10%. Additional costs of HIV management 
might increase by 4.6% in 2021. However, the increase may reduce to 
3.5% and 2.3% in 2022 and 2023, respectively. In contrast, if PrEP 
effectiveness is increased by 10%, cost savings may increase by 7.9% 
in 2021 and 2022, and by 7.7% in 2023. This scenario may be realistic 
since PrEP effectiveness ranges from 44–100%. An increase in PrEP 
effectiveness may reduce the number of people acquiring HIV, 
thereby reducing additional costs on HIV care [17]. 

If HIV care costs are reduced by 10%, no cost savings may be 
realised in 2021 and 2022. Additional charges of HIV management 
may increase by 1.1% in 2021 and 0.1% in 2022. However, cost savings 
of 1.2% may be realised in 2023. In contrast, if HIV care costs are 
increased by 10%, cost savings may increase by 3.5% in 2021 and 
2022 and by 3.4% in 2023. If PrEP expenses are reduced by 10%, cost 
savings may increase by 3.8% in 2021 and 2023, and 3.9% in 2022. 

On the other hand, if PrEP costs are increased by 10%, no cost 
savings may be achieved in 2021. In 2021, the prices of HIV man-
agement may increase by 0.6%. However, there may be 0.5% and 1.6% 
cost savings in 2022 and 2023, respectively. These scenarios may be 
relevant because HIV care and PrEP costs may increase or decrease 
for several reasons. The costs may increase because of an increase in 
drug costs due to inflation or lack of competition or an increase in 
salaries of health care professionals. Furthermore, the costs to 
MOHSS may decrease due to the introduction of generics, specific 
agreements with pharmaceutical companies, or subsidisation by 
international partners [18]. 

No cost savings may be realised if the PrEP adherence rate is 
reduced by 10%. There may be additional costs of 4.5% in 2021, which 
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may reduce to 1.9% in 2022 and 0.8% in 2023. In contrast, if the 
adherence rate is increased by 10%, cost savings may increase by 
6.3% in 2021 and 2022, and by 6.2% in 2023. These scenarios may be 
relevant because adherence rates to chronic medication in Namibia 
have a wide range, and adherence is affected by several factors. If the 
adherence rate is low, the number of people acquiring HIV will in-
crease, thereby increasing the HIV care costs, leading to lower or no 
cost savings. However, if the adherence rate increases, the number of 
people acquiring HIV will decrease, thereby reducing the costs of 
HIV care, leading to higher cost savings [10]. 

Cost savings may remain the same if the number of PLHIV is 
varied by 10%. This scenario may be relevant in the country because 
the number of PLHIV being used may be inaccurate due to errors 
during data collection and a decrease in the number of PLHIV due to 
mortality [4]. The best-case scenario may increase cost savings to 
25.6% in 2021, 26.4% in 2022, and 27.2% in 2023. The worst-case 
scenario may increase additional costs of HIV management by 18.5% 
in 2021, 17.2% in 2022, and 15.9% in 2023. These scenarios were 
determined to help the MOHSS realise the uncertainties that might 
be expected if they decide to adopt PrEP. 

4. Discussion 

The results of this BIA showed that adopting PrEP for HIV in the 
public health sector in Namibia may be cost saving from the first 
year of adoption. The cost savings may increase by about 1% each 
year from the second year of adoption to the third year. The cost 
savings may result from a decreasing number of people likely to 
acquire HIV with the introduction of PrEP, and lower PrEP costs 
compared to HIV care costs. With a smaller number of people likely 
to acquire HIV, there may be an expected smaller number of people 
likely to enter HIV care. Although some similar studies have shown 
that adopting PrEP may be cost saving, the duration required to 
reach the breakeven point and save costs varied. A study that pre-
dicted cost savings within three years of adoption of PrEP was 
conducted in Colombia [19]. Another study conducted in South 
Africa among adolescent girls and young women revealed that PrEP 
was cost-saving compared to a situation where PrEP was not of-
fered [22]. 

The differences between the duration within which PrEP might 
be cost saving may be due to the differences in the costs of HIV care, 
PrEP costs, and the number of people likely to be initiated on PrEP. 

Since Namibia's PrEP costs are much lower than in the countries 
where some studies were conducted, this may have contributed to 
the realisation of a favourable budget impact within the first year 
following PrEP adoption. Furthermore, the number of people who 
may be eligible for PrEP in Namibia is much smaller than in the other 
countries, as it has a smaller population. 

After an increase in PrEP effectiveness, HIV care costs, adherence 
rate, or a reduction in PrEP costs, the BIA of PrEP in Namibia may 
remain favourable. However, it was more sensitive to PrEP effec-
tiveness, which is to some extent affected by the level of adherence 
of patients to PrEP drugs [10]. Therefore, if adherence to PrEP is low 
among patients in Namibia, PrEP effectiveness may also reduce, re-
sulting in smaller cost-saving amounts or even an unfavourable BIA. 
Using this novel BIA model, for the BIA to remain favourable, MOHSS 
may need to ensure that the adherence rate of PrEP is maintained 
above 70%. Drug resistance is another challenge of low adherence, 
which may affect costs. If patients acquire HIV while on PrEP and 
continue taking their PrEP drugs due to a lack of knowledge about 
their status, they are more likely to develop drug resistance to first- 
line ART drugs [23]. This will lead to them being initiated on second- 
line drugs which are more expensive [24], resulting in additional 
costs to the MOHSS. Sensitivity analysis results were also encoura-
ging since they showed that the BIA might remain favourable even 
with a 10% increase in HIV care costs. This is important because this 
shows that even with additional increases in HIV drug costs, and 
salaries of personnel, the MOHSS may still save additional costs on 
HIV management if PrEP were adopted. 

The study had several limitations. It relied on costs determined 
using a single survey of the costs done in Namibia. These costs might 
not have reflected the costs required for HIV care and PrEP. The 
adherence rate for PrEP used in the study was that of anti-hy-
pertensive medications since that of PrEP could not be found. The 
other limitation is that the MOHSS perspective was taken in this 
novel BIA. This narrow budget holder perspective might have missed 
some costs and savings that might be incurred by other stakeholders 
such as patients, other government ministries, and international 
partners. Ignoring these costs might have influenced the results of 
the novel BIA, thereby providing a more robust investment case. 
However, if the actual budget impact were unfavourable, this would 
lead to an increase in the MOHSS budget or diversion of funds from 
other services. 

Table 4 
Budget impact of PrEP.       

Total Unit cost/person/year (US$) Total additional costs to budget (US$)  

Budget Impact of PrEP in 2021 
1. PLHIV entering into HIV care without adoption of PrEP 4 785  673 3 220 305 
2. PLHIV entering HIV care with adoption of PrEP 2 770  673 1 864 210 
3. People getting PrEP (Number in 8 in above table) 5 302  236 1 251 272 
4. Total HIV costs with adoption of PrEP (Add costs in 2 to those in 3) 3 115 482 
5. Budget Impact (Difference between costs in 1 and those in 4) (104 823) 
6. Budget Impact (%) (3.3)  

Budget Impact of PrEP in 2022 
1. PLHIV entering into HIV care without adoption of PrEP 4 911  673 3 305 103 
2. PLHIV entering HIV care with adoption of PrEP 2 811  673 1 891 803 
3. People getting PrEP (Number in 8 in above table) 5 380  236 1 269 680 
4. Total HIV costs with adoption of PrEP (Add costs in 2 to those in 3) 3 161 483 
5. Budget Impact (Difference between costs in 1 and those in 4) (143 620) 
Budget Impact (%) (4.3)  

Budget Impact of PrEP in 2023 
1. PLHIV entering into HIV care without adoption of PrEP 5 034  673 3 387 882 
2. PLHIV entering HIV care with adoption of PrEP 2 850  673 1 918 050 
3. People getting PrEP (Number in 8 in above table) 5 455  236 1 287 380 
4. Total HIV costs with adoption of PrEP (Add costs in 2 to those in 3) 3 205 430 
5. Budget Impact (Difference between costs in 1 and those in 4) (182 452) 
Budget Impact (%) (5.4) 
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The time horizon for the study was short. Doing a BIA for three 
years might have missed future savings that might be realised with 
the adoption of PrEP. However, despite these limitations, we believe 
that the results of this study are useful as no study of this kind had 
been done in Namibia. Moreover, using the MOHSS perspective was 
relevant since it is the MOHSS that decides on the adoption of PrEP 
in the public health sector in Namibia. 

5. Conclusion 

The BIA for Namibia showed that adopting PrEP may save costs 
from the first year of adoption. Therefore, we recommend that 
MOHSS adopt PrEP since it may be cost saving. However, it should 
target the people at high risk since this may be more cost-saving. A 
bottom-up costing study should be conducted in Namibia to de-
termine exact costs of HIV care and PrEP. If PrEP is adopted, ad-
herence should be reinforced since it directly influences PrEP 
effectiveness. Adherence rates of more than 70% may be required to 

Table 5 
Sensitivity analyses results.       

Amounts in US$  

2021 2022 2023  

Budget impact with 50% PrEP effectiveness 
Total additional cost of HIV care with no PrEP 3 220 305 3 305 103 3 387 882 
Total additional cost of HIV care with PrEP 3 369 203 3 419 242 3 467 227 
Budget Impact 148 898 114 139 79 345 
Budget Impact (%) 4.6 3.5 2.3 
Budget impact with 70% PrEP effectiveness 
Total additional cost of HIV care with no PrEP 3 220 305 3 305 103 3 387 882 
Total additional cost of HIV care with PrEP 2 861 088 2 903 051 2 943 633 
Budget Impact (359 217) (402 052) (444 249) 
Budget Impact (%) (11.2) (12.2) (13.1) 
Budget impact with 10% reduction in HIV care costs 
Total additional cost of HIV care with no PrEP 2 898 274.50 2 974 592.70 3 049 093.80 
Total additional cost of HIV care with PrEP 2 929 061 2 972 302.70 3 013 625 
Budget Impact 30 785.50 2 290 (35 468.80) 
Budget Impact (%) 1.1 0.1 (1.2) 
Budget impact with 10% increase in HIV care costs 
Total additional cost of HIV care with no PrEP 3 542 335.50 3 635 613.30 3 726 670.20 
Total additional cost of HIV care with PrEP 3 301 903 3 350 663.30 3 397 235 
Budget Impact (240 432.50) (284 950) (329 435.20) 
Budget Impact (%) (6.8) (7.8) (8.8) 
Budget impact with 10% reduction in PrEP costs 
Total additional cost of HIV care with no PrEP 3 220 305 3 305 103 3 387 882 
Total additional cost of HIV care with PrEP 2 990 354.80 3 034 515 3 076 692 
Budget Impact (229 950.20) (270 588) (311 190) 
Budget Impact (%) (7.1) (8.2) (9.2) 
Budget impact with 10% increase in PrEP costs 
Total additional cost of HIV care with no PrEP 3 220 305 3 305 103 3 387 882 
Total additional cost of HIV care with PrEP 3 240 609.20 3 288 451 3 334 168 
Budget Impact 20 304.20 (16 652) (53 714) 
Budget Impact (%) 0.6 (0.5) (1.6) 
Budget impact with 10% reduction in adherence rate 
Total additional cost of HIV care with no PrEP 3 220 305 3 305 103 3 387 882 
Total additional cost of HIV care with PrEP 3 318 728 3 368 094 3 414 733 
Budget Impact 98 423 62 991 26 851 
Budget Impact (%) 3.1 1.9 0.8 
Budget impact with 10% increase in adherence rate 
Total additional cost of HIV care with no PrEP 3 220 305 3 305 103 3 387 882 
Total additional cost of HIV care with PrEP 2 912 236 2 954 872 2 996 127 
Budget Impact (308 069) (350 231) (391 755) 
Budget Impact (%) (9.6) (10.6) (11.6) 
Budget impact with 10% reduction in PLHIV 
Total additional cost of HIV care with no PrEP 2 900 630 2 974 660 3 049 363 
Total additional cost of HIV care with PrEP 2 806 944 2 845 402 2 885 005 
Budget Impact (93 686) (129 258) (164 358) 
Budget Impact (%) (3.2) (4.3) (5.4) 
Budget impact with 10% increase in PLHIV 
Total additional cost of HIV care with no PrEP 3 545 364 3 634 873 3 727 074 
Total additional cost of HIV care with PrEP 3 430 182 3 477 564 3 526 091 
Budget Impact (115 182) (157 309) (200 983) 
Budget Impact (%) (3.2) (4.3) (5.4) 
Best case scenario 
Total additional cost of HIV care with no PrEP 3 190 693 3 272 126 3 354 299.30 
Total additional cost of HIV care with PrEP 2 374 353.50 2 407 619.70 2 441 310.70 
Budget Impact (816 339.50) (864 506.30) (912 988.60) 
Budget Impact (%) (25.6) (26.4%) (27.2) 
Worst case scenario 
Total additional cost of HIV care with no PrEP 3 190 827.60 3 271 385.70 3 354 366.60 
Total additional cost of HIV care with PrEP 3 782 420.30 3 834 944.30 3 888 593.20 
Budget Impact 591 592.70 563 558.60 534 226.60 
Budget Impact (%) 18.5 17.2 15.9 
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achieve cost savings with PrEP adoption. If PrEP is adopted, a follow- 
up BIA should be carried out to determine if this novel BIA reflected 
reality. The BIA should be conducted alongside a CEA since both 
analyses may complement each other in providing better informa-
tion to the MOHSS for decision making. 

CRediT authorship contribution statement 

Conceptualisation: Enos Moyo and Leela Barham, Methodology: 
Enos Moyo and Leela Barham, Formal analysis: Enos Moyo and 
Malizgani Mhango, Writing - original draft: Enos Moyo, Writing - 
review & editing: Leela Barham, Malizgani Mhango, Godfrey 
Musuka, Tafadzwa Dzinamarira, Supervision: Leela Barham and 
Tafadzwa Dzinamarira, All authors have read and agreed to the 
published version of the manuscript. 

Declarations 

N/A. 

Declaration of funding 

N/A. 

This research did not receive any specific funding 

N/A. 

Data availability statement 

There is no dataset associated with this manuscript. 

Declaration of Competing Interest 

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have appeared 
to influence the work reported in this paper. 

References 

[1] UNAIDS. UNAIDS DATA 2020. 2020: 〈https://www.unaids.org/sites/default/files/ 
media_asset/2020_aids-data-book_en.pdf〉. 

[2] PEPFAR. Namibia Country Operational Plan (COP) 2020: Strategic Direction 
Summary-10 March 2020. 2020: 〈https://www.state.gov/wp-content/uploads/ 
2020/07/COP-2020-Namibia-SDS-FINAL.pdf〉. 

[3] WHO. Consolidated guidelines on HIV prevention, diagnosis, and care for key 
populations. 2016: 〈http://apps.who.int/iris/bitstream/handle/10665/246200/ 
9789241511124-eng.pdf?sequence=8〉. 

[4] Konikoff J, Brookmeyer R. Sample size methods for estimating HIV incidence 
from cross-sectional surveys. Biometrics 2015;71(4):1121–9. 

[5] Ministry of Health and Social Services. National Guidelines for Antiretroviral 
Therapy, Sixth Edition. 2019: 〈https://www.namhivsociety.org/media/hivsoc/ 
Pdf/art_guidelines/Final%20ART%20Guidelines.pdf〉. 

[6] Bekker L, Rebe K, Venter F, Maartens G, Moorhouse M, Conradie F, Wallis C, Black 
V, Harley B, Eakle R. Southern African guidelines on the safe use of pre-exposure 
prophylaxis in persons at risk of acquiring HIV-1 infection. South Afr J HIV Med 
2016;17(1):a455. 

[7] Case K, Gomez G, Hallett T. The impact, cost and cost‐effectiveness of oral 
pre‐exposure prophylaxis in sub‐Saharan Africa: a scoping review of modelling 
contributions and way forward. J Int AIDS Soc 2019;22(9):e25390. 

[8] Orlewska E, Gulacsi L. Budget-impact analyses A critical review of published 
studies. Pharmacoeconomics 2009;27(10):807–27. 

[9] Garattini L, van de Vooren K. Budget impact analysis in economic evaluation: a 
proposal for a clearer definition. Eur J Health Econ 2011;12:499–502. 

[10] Sidebottom D, Ekstrom A, Stromdahl S. A systematic review of adherence to oral 
pre-exposure prophylaxis for HIV – how can we improve uptake and adherence? 
BMC Infect Dis 2018;18(581):1–14. 

[11] Wang LY, Hamilton DT, Rosenberg ES, Aslam MV, Sullivan PS, Katz DA, Dunville 
RL, Barrios LC, Goodreau SM. Cost-effectiveness of pre-exposure prophylaxis 
among adolescent sexual minority males. J Adolesc Health 2020;66(1):100–6. 

[12] Nashilongo M, Singu B, Kalemeera F, Mubita M, Naikaku E, Baker A, Ferrario A, 
Goodman B, Achieng L, Kibuule D. Assessing adherence to antihypertensive 
therapy in primary health care in Namibia: findings and implications. Cardiovasc 
Drugs Ther 2017;31(5):565–78. 

[13] Stover J, Glaubius R, Mofenson C, Caitlin M, Davies M, Patten G, Yiannoutsos C. 
Updates to the Spectrum/AIM model for estimating key HIV indicators at na-
tional and subnational levels. AIDS 2019;33(S1):S227–34. 

[14] Vermeersch S, Callens D, De Wit S, Goffard J, Laga M, Van Beckhoven DL, 
Annemans L. Health and budget impact of combined HIV prevention – first re-
sults of the BELHIVPREV model. Acta Clin Belg 2018;73(1):54–67. 

[15] Pretorius C, Schnure M, Dent J, Glaubius R, Mahiane G, Hamilton M, Reidy M, 
Matse S, Njeuhmeli E, Castor D, Kripke K. Modelling impact and cost-effective-
ness of oral pre-exposure prophylaxis in 13 low-resource countries. J Int AIDS 
Soc 2020;23(2):e25451. 

[16] Hodges-Mameletzis I, Dalal S, Msimanga-Radebe B, Rodolph M, Baggaley R. 
Going global: the adoption of the World Health Organization's enabling re-
commendation on oral pre-exposure prophylaxis for HIV. Sex Health 
2018;15(1):489–500. 

[17] Gomez GB, Borquez A, Case KK, Wheelock A, Vassall A, Hankins C. The cost and 
impact of scaling up pre-exposure prophylaxis for HIV prevention: a systematic 
review of cost-effectiveness modelling studies. PLOS Med 2013;10(3):1–16. 

[18] Schutte C, Forsythe S, Mdala JF, Zieman B, Linder R, Vu L. The short-term effects 
of the implementation of the "Treat All" guidelines on ART service delivery costs 
in Namibia. PLOS ONE 2020;15(1):e0228135. 

[19] Alvis-Zakzuk NJ, Tolosa-Perez N, Buitrago G, Moreno CA, Carrasquilla-Sotomayor 
M, De la Hoz F. Budget impact of pre-exposure prophylaxis (PrEP) strategy for 
the prevention of HIV in Colombia, 2019-2020. Value Health 2020;23(S1):S174. 

[20] van de Vijver DA, Richter A, Boucher CA, Gunsenheiomer-Bartmeyer B, Kollan C, 
Nichols BE, Spinner CD, Wasem J, Schewe K, Neumann A. Cost-effectiveness and 
budget effect of pre-exposure prophylaxis for HIV-1 prevention in Germany 
from 2018 to 2058. Eur Surveill 2019;24(7):1800398. 

[21] Cambiano V, Miners A, Dunn D, McCormack S, Ong KJ, Gill O, Nardone A, Desai 
M, Field N, Hart G, Delpech V, Cairns G, Rodger A, Phillips AN. Cost-effectiveness 
of pre-exposure prophylaxis for HIV prevention in men who have sex with men 
in the UK: a modelling study and health economic evaluation. Lancet Infect Dis 
2018;18(1):85–94. 

[22] Walensky RP, Jacobsen MM, Bekker LG, Parker RA, Wood R, Resch SC, et al. 
Potential clinical and economic value of long‐acting preexposure prophylaxis for 
South African women at high‐risk for HIV infection. J Infect Dis 
2016;213(10):1523–31. 

[23] Gibas K, van den Berg P, Powell V, Krakower D. Drug resistance during HIV 
preexposure prophylaxis. Drugs 2019;79(6):609–19. 

[24] Supervie V, Barrett M, Kalin JS, Musuka G, Moeti TL, Busang L, Blower S. 
Modeling dynamic interactions between pre-exposure prophylaxis interventions 
& treatment programs: predicting HIV transmission & resistance. Sci Rep 
2011;1(185). https://doi.org/10.1038/srep00185  

E. Moyo, L. Barham, M. Mhango et al. Journal of Infection and Public Health 15 (2022) 1147–1155 

1155 


	Estimating the budget impact of adopting tenofovir/emtricitabine for pre-exposure prophylaxis of HIV in the public health se...
	1. Introduction
	2. Methods
	2.1. Model of analysis
	2.2. Model assumptions and calibration
	2.3. Budget impact of PrEP
	2.4. Sensitivity analyses

	3. Results
	3.1. Budget impact of PrEP
	3.2. Sensitivity analyses

	4. Discussion
	5. Conclusion
	CRediT authorship contribution statement
	Declarations
	Declaration of funding
	This research did not receive any specific funding
	Data availability statement
	Declaration of Competing Interest
	References




