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Abstract

Background

Global HIV funding cutbacks have been accompanied by the adoption of user fees to

address funding gaps in treatment programs. Our objective was to assess the impact of

user fees on HIV care utilization and medication adherence in Nigeria.

Methods

We conducted a retrospective analysis of patients enrolled in care before (October 2012-

September 2013) and after (October 2014-September 2015) the introduction of user fees in

a Nigerian clinic. We assessed pre- vs. post-user fee patient characteristics and enrollment

trends, and determined risk of care interruption, loss to follow-up, and optimal medication

adherence.

Results

After fees were instituted, there was a 66% decline in patient enrollment and 75% decline in

number of ART doses dispensed. There was no difference in the proportion of female clients

(64% vs 63%, p = 0.46), average age (36 vs. 37 years, p = 0.15), or median baseline CD4

(220/ul vs. 222/uL, p = 0.24) in pre- and post-fee cohorts. There was an increase in clients

employed and/or had tertiary education (24% vs. 32%, p<0.001). Compared to pre-fee

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0238720 October 8, 2020 1 / 14

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Ahonkhai AA, Regan S, Idigbe I, Adeniyi

O, Aliyu MH, Okonkwo P, et al. (2020) The impact

of user fees on uptake of HIV services and

adherence to HIV treatment: Findings from a large

HIV program in Nigeria. PLoS ONE 15(10):

e0238720. https://doi.org/10.1371/journal.

pone.0238720

Editor: Ethan Morgan, Ohio State University,

UNITED STATES

Received: March 13, 2020

Accepted: August 21, 2020

Published: October 8, 2020

Copyright: © 2020 Ahonkhai et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

available from the Harvard Dataverse (DOI: 10.

7910/DVN/6UZUSE).

Funding: Research reported in this publication was

supported by the National Institute of Allergy and

Infectious Diseases of the National Institutes of

Health under Award Numbers: K23 AI106406, R01

AI058736-09S1, R01 MH108427, and

P30AI060354. The content is solely the

responsibility of the authors and does not

http://orcid.org/0000-0003-0666-4767
https://doi.org/10.1371/journal.pone.0238720
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0238720&domain=pdf&date_stamp=2020-10-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0238720&domain=pdf&date_stamp=2020-10-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0238720&domain=pdf&date_stamp=2020-10-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0238720&domain=pdf&date_stamp=2020-10-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0238720&domain=pdf&date_stamp=2020-10-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0238720&domain=pdf&date_stamp=2020-10-08
https://doi.org/10.1371/journal.pone.0238720
https://doi.org/10.1371/journal.pone.0238720
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.7910/DVN/6UZUSE
https://doi.org/10.7910/DVN/6UZUSE


patients, the post-fee period had a 48% decreased risk of care interruption (aRR = 0.52,

95%CI:0.39–0.69), 22% decreased LTFU risk (aRR = 0.64, 95%CI:0.96), and 27%

decreased odds of optimal medication adherence (aOR = 0.7, 3 95%CI 0.59–0.89).

Conclusions

Patients enrolled in care after introduction of user fees in Nigeria were more likely to be edu-

cated or employed, and effectively retained in care after starting ART. However, fees were

accompanied by a drastic reduction in new patient enrollment, suggesting that many

patients may have been marginalized from HIV care.

Introduction

There are 37 million people living with HIV and AIDS worldwide [1], and 59% of this popula-

tion now has access to life-saving antiretroviral therapy (ART). The success of the global AIDS

response has relied heavily on funding from multilateral institutions and host-country govern-

ments [1, 2]. Since its inception in 2003, the US President’s Emergency Plan for AIDS Relief

(PEPFAR) has contributed over $50 billion to this effort, the largest commitment by any

nation to combat a single disease. This support has made free HIV care and treatment services

available for patients in PEPFAR-supported countries, and in other resource-limited settings

[2].

Originally developed to provide lifesaving ART in countries most burdened by HIV, in

2008 PEPFAR entered a new era, coined PEPFAR 2.0, shifting its approach from emergency

response to sustainability and country ownership [3]. Following this transition, PEPFAR

worked with recipient countries to increase their commitment to their own HIV programs.

Nigeria, the most populated African country, is also home to the second largest population of

people living with HIV worldwide. In the wake of PEPFAR 2.0, between 2011 and 2015, PEP-

FAR’s funding to Nigeria decreased by about $83 million in yearly program support [4]. While

the Nigerian government committed to increase its funding contribution to its own national

HIV/AIDS program from 7% of the total budget in 2008 to 50% by 2015, this commitment has

been thwarted by fiscal challenges and inconsistent political will at the state and local govern-

ment levels [5, 6]. In 2016, Nigeria had the poorest performing economy in Sub-Saharan

Africa; and as future funding remains uncertain for Nigeria the gap between available

resources and anticipated need may widen [2, 7].

Early on in the global AIDS response, many patients were required to pay out-of-pocket

(OOP) expenses for ART, clinical services, and transportation [8–10]. Meta-analyses of low

and middle-income countries reported that clinics with user fees had 30% fewer patients

achieving virologic suppression, and a 4-fold increased risk of attrition and death [9–11]. Even

in the setting of highly subsidized HIV care, interruptions in care are common in resource-

limited settings [12]. Patients cite a wide range of reasons for missing clinic visits, including

indirect healthcare costs, such as transportation fees and lost wages [13, 14]. While some inter-

ruptions from care are prolonged, or even indefinite, reports from Nigeria suggest that brief

interruptions in care occur in at least 1 of 3 patients [12, 15]. These interruptions are associated

with halving of the expected gains in CD4 numbers usually seen with ART [16].

In the Nigerian setting, the gap between multinational donor support and government con-

tribution to HIV care has been met, in many clinics, by charging fees to patients. Little is

known about how patients will respond to these user fees after a decade of free care. Given the

PLOS ONE Impact of user fees on HIV care in Nigeria

PLOS ONE | https://doi.org/10.1371/journal.pone.0238720 October 8, 2020 2 / 14

necessarily represent the official views of the

National Institutes of Health. This study was also

supported in part by cooperative agreement

number 5U2GPS001058 from the US Centers for

Disease Control and Prevention, and by the

President and Fellows of Harvard College.

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0238720


data from the early ART era on the deleterious impact of user fees, and the high rates of care

interruption in the setting of free care, we hypothesized that the introduction of user fees in

Nigeria would be associated with less engagement in care and poorer medication adherence.

The objective of this analysis, therefore, is to assess the impact of introducing patient user fees

for HIV care on individual patient care utilization and medication adherence in a large HIV

clinic in Lagos, Nigeria.

Methods

Setting

This study was conducted at the Nigerian Institute for Medical Research (NIMR). NIMR is a

President’s Emergency Plan for AIDS Relief (PEPFAR)-supported clinic located in Lagos,

Nigeria. With a population of more than 13 million, Lagos is Nigeria’s biggest city and one of

PEPFAR’s priority states for effective ART scale-up [17]. NIMR began providing HIV care in

2002 and currently has 7,351 patients enrolled in care. Patient user fees were instituted in

October 2014; children and pregnant women were exempt from payment. The fee schedule is

expressed in 2015 USD and includes HIV testing (3 USD), new patient consultation (25 USD),

new patient labs (45 USD), and follow up consultations (10 USD), and routine labs (14 USD).

Routine labs included white blood cell count, platelet count, ALT, creatinine, Hgb. In total,

yearly user fees at NIMR are 166 USD, but 82% of Nigerians live on less than 2 USD per day

[Table 1] [18, 19].

Study design

We conducted a retrospective cohort study comparing two patient groups. The pre-user fee

cohort consisted of patients who enrolled in care at NIMR and initiated ART between October

1, 2012 and September 30, 2013, and were followed through September 30, 2014. The post-

user fee cohort consisted of patients who enrolled in care at NIMR and initiated ART between

October 2014 and September 30, 2015, (after the institution of user fees), and were followed

through September 30, 2016. The exposure of interest was the receipt of HIV care in the user

fee era at NIMR. We assessed three patient outcomes 12 months after clinic enrollment: 1)

care interruption, defined as having a period 90 days or more without a clinic, pharmacy or

laboratory visit, but with return to care within the 12-month follow-up period; 2) loss to

Table 1. Fees for HIV care in NIMRα clinic.

Costs in USDβ Unit Cost ($) Yearly Cost ($)

HIV Test 3 3

New Patient Consultation 25 25

New Patient Labs� 45 45

Consultation Fee 10 20

ART Pick-Up 5 72

Routine Labs (WBCδ, Platelets, ALTε, Crθ, Hgb, CD4, HIV RNA) 14 28

Total (USD) $190

α Nigerian Institute for Medical Research.
β United States Dollar
δ White Blood Cell.
ε Alanine Aminotransferase
θ Creatinine.

https://doi.org/10.1371/journal.pone.0238720.t001
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follow-up (LTFU), defined as having a period of 90 days or more without a clinic, pharmacy or

laboratory visit, but without return to care within the 12-month follow-up period; and 3) an

adapted measure of the medication possession ratio (MPR). The traditional MPR is defined as

the number of daily doses of ART dispensed divided by the total number of drug pick-ups

over the follow-up period. However, medication surplus in some periods can negate missed

doses in other periods.

The proportion of days covered (PDC) is a pharmacy-based method of calculating adher-

ence that, unlike the medication possession ration (MPR), ensures that missed doses during

one pharmacy refill interval are not negated by medication surplus (defined as overlap between

two dispenses) in another pharmacy refill interval. PDC is calculated by first multiplying the

number of refills obtained by the number of days prescribed for each refill, then subtracting

the number of days in which there was an overlap of ART filled between refill periods, and

finally dividing this total by the number of days in the follow-up period [20]. A schematic of

this measure is seen in Fig 1. The PDC measure can never be greater than 100%, and never

more than the MPR. The PDC was categorized as optimal (>94%), suboptimal (80–94%), and

poor (<80%), based on existing literature associating these categories of MPR with the risk of

virologic failure [21].

Data collection and analysis

All data, including baseline demographic information, clinical, laboratory, and drug pick-up

visits were abstracted from standardized data entry forms used for data management across

the country. These data entry forms were usually validated and entered daily into NIMR’s cen-

tral electronic clinical database, which is managed by a team of data mangers. After abstrac-

tion, the data were further cleaned before data analysis.

Fig 1.

https://doi.org/10.1371/journal.pone.0238720.g001
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Yearly enrollment and HIV testing trends at NIMR were summarized in the two years

prior to and one year after the introduction of user fees at NIMR in October 2014. Baseline

demographics including age, sex, marital status, and a variable termed “high earner” (having

tertiary education and/or being employed), and clinic characteristics (baseline CD4 count) of

the pre- and post-fee cohorts were also summarized. Chi-square tests (for categorical variables)

and Kruskal-Wallis tests (for ordinal variables) were used to assess whether baseline character-

istics differed by patient cohort.

Multinomial, multivariable logistic regression was used to assess the impact of user fees on

interruptions from care and LTFU. Potential confounders (of the relationship between user

fees and care interruption or LTFU) and other independent risk factors for care interruption

and LTFU, including sex, marital status, age, education, employment, high earner status, and

baseline CD4 count were adjusted for. To determine the impact of user fees on medication

adherence, chi square tests was used to assess for differences in adapted MPR categories in the

pre- and post-user fee cohorts. Furthermore, multivariable logistic regression was used to mea-

sure the association between user fee period and the odds of having poor or suboptimal medi-

cation adherence (defined by having PDC <94% over 12 months of follow-up). Finally for

both models, likelihood ratio tests was used to determine whether inclusion of education,

employment, or high earner status provided the best fit in multivariate analysis.

IRB approval

We obtained IRB approval from Partners HealthCare (Protocol no. 2015P001480 Boston, MA,

USA) the Nigerian Institute for Medical Research (Protocol no. IRB/15/316) in Lagos, Nigeria,

and Vanderbilt University Medical Center (Protocol no. 161779 Nashville, TN, USA). All data

used for the purpose of this research were fully anonymized prior to access by the study team,

and a waiver for informed consent was obtained from the Partners HealthCare, Nigerian Insti-

tute for Medical Research, and Vanderbilt University IRB committees.

Results

Trends in enrollment and HIV testing before and after user fees

Yearly enrollment of new patients was greater in the years before user fees were instituted

(2012: 1,490 patients, 2013: 1,970 patients, 2014: 1,200 patients), than in the years after user

fees were instituted (2015: 787 patients, 2016: 499 patients.) Between 2014 and 2015, there was

a 66% decline in new patient enrollment each year [Fig 2, Panel A]. The declining trend in

new patient enrollment was mirrored by the number of ART doses dispensed each month by

the pharmacy [(Fig 2, Panels B and C]). When assessed on a monthly time scale, average

monthly patient enrollment declined from 164 patients/month to 66 patients/month in the

pre- versus post-user fee eras, and the average number of ART doses dispensed declined from

3,182 to 757 doses. A similar pattern was seen in HIV testing, with the number of patients

tested greater before user fees were charged (2012: 5,745 tested, 2013: 7,360 tested, 2014: 4,082

tested) than after (2015: 2,801 tested, 2016: 2,265 tested). The proportion of individuals who

tested positive for HIV did not follow the same pattern and ranged from 27% to 42% during

the same period [Fig 2].

Description of pre- and post-user fee cohorts

A total of 2,757 patients were included in this analysis. Majority of the patients 1,970 (71%)

were in the pre-user fee cohort who enrolled in care between September 2012 and September

2013, and 787 patients (29%) in the post-user fee cohort who enrolled in care between October
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Fig 2. Declines in patient enrollment, HIV testing, and ART dispensing after user fees instituted in a Nigerian

clinic. This shows the number of patients enrolled in the HIV clinic by year, as well as the number of HIV tests

performed, and proportion testing positive. (A) Yearly trends in HIV testing and patient enrollment (B) Monthly

trends in new patient enrollment (C) Monthly trends in doses of ART dispensed. No = Number.

https://doi.org/10.1371/journal.pone.0238720.g002
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2014 and October 2015. There was no difference in the proportion of female patients (64% vs.

63%, p = 0.46) or the mean age (36.4 vs. 37.0 years, p = 0.15) in the two cohorts (Table 2).

There was no statistically significant difference in the proportion of patients who were

employed (82% vs 85%, p = 0.10), but a significant increase in those who had secondary or ter-

tiary education (74% vs. 80%, p<0.001) after user fees were instituted, and also a greater abso-

lute difference was seen in the “high earner” category of patients (those who were employed

and/or had tertiary education) pre- vs. post-user fee (24% vs. 32%, p<0.001). There was no sig-

nificant difference in the proportion of patients with a baseline CD4 count<200 in the pre- vs.

post- user fee cohorts (46% vs. 47%, p = 0.12) nor in the median baseline CD4 count at clinic

enrollment (220cells/uL vs. 222cells/uL) cohorts (p = 0.24).

Care interruption and Loss-To-Follow-Up (LTFU) before and after user

fees

More patients in the post-user fee cohort were retained in clinic without any care interruption

(57% vs. 49%), defined as 90 days or more without clinic, pharmacy, or laboratory visit; with

fewer patients having one or more interruptions in care (12% vs. 18%) or were lost to follow-

up (31% vs. 33%) compared to the pre-user fee cohort (p<0.001). These findings persisted in a

multinomial model adjusting for sex, marital status, age, employment, education, and baseline

CD4 count. Of note, inclusion of both education level and employment status (rather than

high earner status, or any if these variables alone) provided the best model fit). Compared to

those unemployed, employed patients [aRR = 0.78, 95%CI 0.59–1.03] and students

[aRR = 0.28, 95%CI 0.16–0.49] had a reduced risk of LTFU, but did not reach statistical signifi-

cance for care interruption. Similarly, compared to patients with no education, those with pri-

mary [aRR = 0.83, 95%CI 0.54–0.26], secondary [aRR = 0.49, 95%CI 0.33–0.74], or tertiary

[aRR = 0.35, 95%CI 0.24–0.53] education had a reduced risk of LTFU but not care interrup-

tion. Adjusting for these factors, patients in the post-user fee cohort had a reduced risk of care

interruption [aRR = 0.52, 95%CI:0.39–0.69] and LTFU [aRR = 0.78, 95%CI:0.64–0.96] com-

pared to those in the pre-user fee cohort [Table 3].

ART initiation before and after user fees

In the post-user fee cohort, only 19% of patients (n = 152) did not start ART in their first year

after enrollment, compared to 32% (n = 638) of patients in the pre-user fee cohort (p<0.001).

However, among those patients who did start ART, the median time to the first ART pick-up

Table 2. Baseline demographics of pre- and post-user fee cohorts in a large Nigerian clinic.

Pre-User Fee n = 1970 Post-User Fee n = 787 P value

Female 1,261 (64%) 492 (63%) 0.446

Age (years) Mean 36 37 0.15

Employed 1,611 (82%) 664 (85%) 0.510

Education None 116 (6%) 28 (4%) 0.001

Primary 396 (20%) 126 (16%)

Secondary 819 (42%) 328 (42%)

Tertiary 637 (32%) 301 (38%)

High Earner Employed and/or Tertiary Education 474 (24%) 251 (32%) <0.001

CD4 Count Median (IQR)α 220 (88–413) 222 (85–386) 0.239

α Interquartile Range.

https://doi.org/10.1371/journal.pone.0238720.t002
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was shorter in the post-user fee cohort (35 days: IQR 20–50) than in the pre-user fee cohort

(45 days: IQR 28–63, p<0.001). The proportion of patients with optimal adherence, defined as

PDC>94%, was greater in the pre-user fee cohort (61% vs. 52%). The proportion of patients

with suboptimal (PDC 80–94%) and poor (PDC <80%) adherence was greater in the post-

user fee cohort (23% vs 18%; 27% vs. 22% respectively; p overall <0.001) [see S1 Fig, which

shows the percent of patients with optimal, sub-optimal, or poor adherence in each cohort]. In

multivariable analysis after adjusting for sex, marital status, age, high earner status, and base-

line CD4 count, patients in the post-user fee cohort had reduced odds of having optimal adher-

ence compared to those in the pre-user fee cohort (aOR = 0.7, 3 95%CI 0.59–0.89) [Table 4].

In contrast to the model assessing care interruption and LTFU before and after user fees

[Table 3], inclusion of the high earner variable alone (rather than employment and/or educa-

tion, provided better fit for this model and so was retained in the final iteration. Notably, those

who were high earners had a 25% increased odds of suboptimal adherence.

Discussion

Our analysis of a large PEPFAR-supported HIV program in Nigeria highlights concerning

important trends in the utilization of HIV treatment services in the wake of the introduction

of patient user fees. This is not a novel concern, as the role of user fees for healthcare in

resource-limited settings have been widely debated [22, 23]. While some have argued that user

Table 3. Risk of care interruption or loss to follow-up after institution of user fees in a Nigerian clinic.

Interruptions in Care α Lost to Follow Up

aRRβ 95% CI� aRRβ 95% CI

Cohort Pre-User Fee Cohort (reference) 1.00 1.00

Post User Fee Cohort 0.52 0.39–0.69 0.78 0.64–0.96

Sex Male (ref) 1.00 1.00

Female 097 0.75–1.26 0.73 0.60–0.88

Marital Status Unmarried (reference) 1.00 1.00

Married 0.87 0.68–1.12 0.81 0.67–0.98

Age Category >30 years 1.00 1.00

30–34 years 0.84 0.59–1.20 0.80 0.60–1.06

35–44 years 0.91 0.65–1.28 0.88 0.67–1.14

�45 years 0.87 0.59–1.28 0.73 0.54–0.99

Baseline CD4 <200cells/uL 0–200 (reference) 1.00 1.00

201–350 1.06 0.73–1.52 0.50 0.40–0.64

351–500 6.18 4.40–8.68 1.10 0.82–1.48

>500 17.43 12.31–24.77 3.77 2.81–5.06

Unknown 9.21 4.65–18.22 9.51 5.74–15.78

Employment Unemployed (reference) 1.00 1.00

Employed 1.44 0.97–2.15 0.78 0.59–1.03

Student 1.00 0.54–1.85 0.28 0.16–0.49

Education None (reference) 1.00 1.00

Primary 1.64 0.83–3.26 0.83 0.54–1.26

Secondary 1.08 0.58–2.08 0.49 0.33–0.74

Tertiary 1.28 0.66–2.47 0.35 0.24–0.53

α Multimodal model with no interruptions in care as the reference group.
β Adjusted Risk Ratio.

� 95% Confident Interval.

https://doi.org/10.1371/journal.pone.0238720.t003
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fees decrease excessive healthcare use, and create resources to help improve the quality of clini-

cal services, others argue that user fees are inequitable, and prevent the poorest of patients

from accessing necessary healthcare services [23, 24]. In our study setting, user fees were

adopted in response to funding cutbacks from important donors, such as PEPFAR. Indeed,

the transition to PEPFAR 2.0. has called for increased country ownership and investment in

the local HIV response. Without the backdrop of financial solvency and political commitment

to address HIV care and treatment needs at the country level, however, administrators of treat-

ment programs appear to have been left to meet the gap between multinational contributions,

local government funding, and programmatic costs.

In 2015, the year after user fees were instituted, there was a sharp and persistent decline in

HIV testing, and new patients enrollment, at NIMR. The dramatic decline in new patient

enrollment was additionally accompanied by a 4-fold decline in the number of cumulative

monthly doses of ART dispensed by the clinic pharmacy. While we cannot conclude that user

fees alone were responsible for this decline, anecdotal evidence of the same trend has been

observed at other sites throughout Nigeria, and the magnitude of the decline is consistent with

data from other studies [24]. Another study from our investigating the impact of PEPFAR pol-

icy changes and accompanying funding cutbacks in a large treatment network in Nigeria

underscores that charging of user fees were a symptom of a larger problem. Diminishing

resources for staff salaries and training, IT support, HIV outreach services, were also observed

over the same period. Nonetheless, data from a Cochrane review evaluating 16 studies on the

impact of user fees on health services in low- and middle-income countries showed that use of

both preventive and curative healthcare services decreased, typically in one large step-down,

when user fees were introduced or increased as we also observed [22, 23]. The dramatic decline

in new patient enrollment was additionally accompanied by a 4-fold decline in the number of

cumulative monthly doses of ART dispensed by the clinic pharmacy among newly enrolled

patients during the same period. This trend underscores the potential community-level impact

Table 4. Odds of having optimal adherence� after institution of user fees in a Nigerian clinic.

aORα 95% Confidence Interval

Cohort Pre-User Fee Cohort (reference) 1.00 0.59–0.89

Post User Fee Cohort 0.73

Sex Male (reference) 1.00 0.97–1.43

Female 1.18

Marital Status Unmarried (reference) 1.00 0.68–1.00

Married 0.83

Age Category �30 years (reference) 1.00

30–34 years 1.18 0.80–1.71

35–44 years 1.25 0.85–1.85

�45 years 1.10 0.73–1.65

High Earner� No (reference) 1.00 1.02–1.55

Yes 1.26

Baseline CD4 Stratum �200 cells/uL (reference) 1.00

201–350 cells/uL 1.21 0.97–1.50

351–500 cells/uL 1.07 0.80–1.43

�500 cells/uL 0.78 0.54–1.12

Unknown 0.32 0.15–0.70

α Adjusted Odds Ratio.

� High Earner Status: tertiary education and/or employed.

https://doi.org/10.1371/journal.pone.0238720.t004
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of having fewer patients in care and fewer on ART, which in turn can create important barriers

to epidemic control.

Our findings also support the notion that user fees may create a crucial barrier to access for

patients with the fewest resources [24, 25]. When comparing the cohort of patients who

received care before and after user fees were instituted, there were no significant differences in

age, sex, or baseline CD4+ cell count between the two patient groups. However, patients who

enrolled in care after user fees were established were more likely to be well-resourced, having

either been employed or completed some college-level education. While the policy of the clinic

at NIMR was to make exemptions for the poorest patients, our findings suggest that this policy

was not sufficient to overcome the financial obstacles for many. Besides, other data suggest

that exemptions often do not work to eliminate these obstacles for poor patients [24].

Despite the dramatic decline in new patient enrollment after user fees were instituted, our

analysis highlights improvement in retention in care in the post user-fee era. Indeed, patients

who had to pay for care had a 45% reduction in the risk of interrupting care, and a 23% reduc-

tion in the risk of being lost to follow-up, compared to patients in the pre-user fee cohort.

Some data on user fees suggest that utilization may increase if fees are accompanied by an

increase in the quality of healthcare services provided [23, 26, 27]. However, without concerted

efforts to improve the quality of services, utilization drops disproportionately for the poorest

patients due to the compounding effect of direct (i.e. user fees) and indirect costs, the most

costly of which is often transportation [24, 26, 27]. As a result, poor patients may delay seeking

care until they are sicker [26]. Our findings did not directly support this assertion, as there was

no change in the median CD4+ cell count at enrollment in our pre- and post-user fee cohorts,

although CD4+ cell count at presentation was fairly low in both groups. In addition, the fact

that retention in care improved for the entire post user-fee cohort, 68% of whom were unem-

ployed or had high school or less education, suggests that additional factors might be at play.

Retention in care has been a major barrier to effective HIV care delivery globally, even in the

setting of free care [16, 28–30]. Our findings of improved retention and care utilization in the

post-fee era may highlight an association between personal financial investment in care and

clinic attendance.

We found that patients who paid fees were not only less likely to have interruptions in care

or become lost to follow-up, but also more likely to have started ART at all. Despite these posi-

tive health-seeking behaviors, patients who paid for ART were less likely to have optimal medi-

cation adherence, as assessed by medication pick-up from the pharmacy in the year after

starting ART. The reasons for this are not entirely clear. Monthly ART costs are the equivalent

of 2.75 USD, but about 80% of Nigerians subsist on less than 2 USD per day [19]. It is possible,

therefore, that the required monthly ART pick-up in the first year on treatment may have

imposed additional, prohibitive indirect healthcare costs from transportation and lost wages

[19]. Such costs could disproportionately affect employed patients who might have lost wages

with each visit to the pharmacy to pick up ART, or who might not have been given permission

to leave work for pharmacy visits. Alternatively, employed patients who might have been

inconvenienced by ART pick-up at the clinic pharmacy could have chosen to pay for unsubsi-

dized ART at a local pharmacy without having to wait in long lines or miss time from work.

Data on healthcare fees show that in addition to user fees, out-of-pocket medication costs also

pose a barrier to medication adherence [27, 31, 32]. One study from Nigeria conducted when

HIV care was free to patients found that out-of-pocket expenses for HIV care accounted for

40% of healthcare expenses–a threshold that meets the WHO’s definition of financial catastro-

phe [33, 34]. Other data from Cote d’Ivoire highlights that the risk of financial catastrophe

decreases with increasing time in ART, further underscoring the need to find sustainable and

equitable strategies to initiate those living with HIV on ART [35].
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Some programs have instituted protections to limit the burden of out-of-pocket expenses

imposed by charging user fees [36]. NIMR (our study site), for example, instituted fee exemptions

for children, pregnant women, elderly and indigent patients. Additional options include less inten-

sive monitoring for stable patients. There are also many opportunities to greatly decrease the cost

of HIV care such as Nursing Centered care instead of Physician Centered care which has been

shown to be effective in studies in South Africa, with less intensive monitoring, and potentially less

expensive procurement of ART [37–39]. However, the reliance on user fees for HIV care is not

unique in Nigeria. Similar user fee-based strategies have been implemented in other countries the

region, and particularly in Western Africa, to cover the cost of lab monitoring tests, hospital regis-

tration clinical consultations, as well as to compensate for low provider wages [40]. Mean yearly

fees vary widely depending on context, average around $40 USD yearly, and range from as low as

$4 USD to as much as $166 USD [36, 40]. There is a global challenge to dramatically decrease the

cost of ART care and data such as these can help drive the urgency of this challenge.

Our study has some important limitations. The retrospective and pre-post study design pre-

vents us from being able to establish a causal relationship between the introduction of user fees

and our study outcomes. Our study was also limited to one clinical site and is not necessarily gen-

eralizable to other settings. In addition, while we did not formally quantify the impact of temporal

events that could also have contributed to our findings, we have some reassurance that important

economic and programmatic changes would not likely negate our findings. On the economic

side, inflation rates in Nigeria reached a 5-year low during the period of transition to user fees,

suggesting a more favorable economic climate to respond to healthcare expenses. On the pro-

grammatic side, a coordinated effort encouraged by PEPFAR to down-refer stable patients at ter-

tiary facilities (such as NIMR) to community-based clinics occurred most aggressively in the pre-

user fee period, and therefore does not explain the declines in enrollment that we observed [41].

In conclusion, introducing user fees for HIV care in a Nigerian clinic may largely impact

enrollment of new patients into clinic, as suggested by the substantial (nearly half) decrease at

our study site. We observed improved retention in care among the patients who did enroll in

care after fees were instituted, perhaps driven by the investment in care necessitated by the

payment of user fees. However, this finding was mitigated by poorer adherence to ART among

the same patients. These trends in care utilization and medication adherence are alarming,

and stand in stark contrast to local and global efforts to reach UNAIDS 90-90-90 targets [1,

42]. In the case of NIMR and other clinical sites in Nigeria, user fees were introduced to meet

critical funding gaps; but other data suggest that such fees are usually ineffective for healthcare

financing, meeting at most 5–10% of recurrent budgetary requirements [24]. Our findings

highlight the urgent need for creative, sustainable financing options that eliminate user fees

and instead leverage mechanisms for pre-payment and risk-pooling, to support HIV care in

Nigeria and other resource-limited settings [35].

Supporting information

S1 Fig. Optimal medication adherence decreases in the post-user fee era. This shows the

percent of patients with>94% (optimal), 80–95% (sub-optimal), or<80% (poor adherence in

the pre- vs. post-user fee cohort).

(TIF)

Author Contributions

Conceptualization: Aima A. Ahonkhai, Prosper Okonkwo, Juliet Adeola, Elena Losina, Oliver

Ezechi, Kenneth A. Freedberg.

PLOS ONE Impact of user fees on HIV care in Nigeria

PLOS ONE | https://doi.org/10.1371/journal.pone.0238720 October 8, 2020 11 / 14

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0238720.s001
https://doi.org/10.1371/journal.pone.0238720


Data curation: Aima A. Ahonkhai, Susan Regan, Olayemi Adeniyi, Zaidat Musa.

Formal analysis: Susan Regan.

Funding acquisition: Aima A. Ahonkhai, Kenneth A. Freedberg.

Investigation: Aima A. Ahonkhai, Ifeoma Idigbe.

Methodology: Aima A. Ahonkhai, Muktar H. Aliyu, Elena Losina, Kenneth A. Freedberg.

Project administration: Aima A. Ahonkhai, Ifeoma Idigbe, Prosper Okonkwo, Juliet Adeola,

Oliver Ezechi.

Supervision: Zaidat Musa.

Writing – original draft: Aima A. Ahonkhai.

Writing – review & editing: Aima A. Ahonkhai, Susan Regan, Ifeoma Idigbe, Olayemi Ade-

niyi, Muktar H. Aliyu, Prosper Okonkwo, Juliet Adeola, Elena Losina, Zaidat Musa, Oliver

Ezechi, Kenneth A. Freedberg.

References
1. UNAIDS. Ending AIDS: Progress Towards the 90-90-90 Targets 2017 [cited 2018 September 10].

Available from: http://www.unaids.org/en/resources/documents/2017/20170720_Global_AIDS_

update_2017.

2. Foundation KF. Financing the Response to HIV in Low- and Middle-Income Countries: International

Assistance from Donor Governments in 2013 2014 [cited 2014 1 November]. Available from: https://

kaiserfamilyfoundation.files.wordpress.com/2014/07/7347-10-financing-the-response-to-hiv-in-low-

and-middle-income-countries.pdf.

3. PEPFAR. Sustainable HIV epidemic control, PEPFAR position paper. 2016.

4. PEPFAR. Congressional Budget Justification Supplement: Fiscal Year 2014 2014 [cited 2014 1

November]. Available from: http://www.pepfar.gov/documents/organization/222643.pdf.

5. PEPFAR. Summary of the HIV/AIDS Partnership Framework with the Government of Nigeria 2010

[cited 2014 1 November]. Available from: http://www.pepfar.gov/documents/organization/148813.pdf.

6. HIV/AIDS Division Federal Ministry of Health. National Operational Plan for the Elimination of Mother to

Child Transmission (eMTCT) of HIV in Nigeria 2015–2016. 2014.

7. Foundation KF. The U.S. President’s Emergency Plan for AIDS Relief (PEPFAR) 2014 [cited 2014 1

November]. Available from: http://kff.org/global-health-policy/fact-sheet/the-u-s-presidents-emergency-

plan-for/.

8. Bisson GP, Frank I, Gross R, Lo Re V 3rd, Strom JB, Wang X, et al. Out-of-pocket costs of HAART limit

HIV treatment responses in Botswana’s private sector. AIDS. 2006; 20(9):1333–6. Epub 2006/07/04.

https://doi.org/10.1097/01.aids.0000232245.36039.2b PMID: 16816566.

9. Brinkhof MW, Dabis F, Myer L, Bangsberg DR, Boulle A, Nash D, et al. Early loss of HIV-infected

patients on potent antiretroviral therapy programmes in lower-income countries. Bull World Health

Organ. 2008; 86(7):559–67. Epub 2008/08/02. https://doi.org/10.2471/blt.07.044248 PMID: 18670668;

PubMed Central PMCID: PMC2647487.

10. Mosoko JJ, Akam W, Weidle PJ, Brooks JT, Aweh AJ, Kinge TN, et al. Retention in an antiretroviral

therapy programme during an era of decreasing drug cost in Limbe, Cameroon. Journal of the Interna-

tional AIDS Society. 2011; 14:32. Epub 2011/06/18. https://doi.org/10.1186/1758-2652-14-32 PMID:

21679416; PubMed Central PMCID: PMC3143073.

11. Ivers LC, Kendrick D, Doucette K. Efficacy of antiretroviral therapy programs in resource-poor settings:

a meta-analysis of the published literature. Clin Infect Dis. 2005; 41(2):217–24. Epub 2005/06/29.

CID35528 [pii] https://doi.org/10.1086/431199 PMID: 15983918.

12. Kranzer K, Ford N. Unstructured treatment interruption of antiretroviral therapy in clinical practice: a sys-

tematic review. Trop Med Int Health. 2011; 16(10):1297–313. Epub 2011/07/02. https://doi.org/10.

1111/j.1365-3156.2011.02828.x PMID: 21718394.

13. Emenyonu N, Mudindike W, Habyarimana J, Pops-Eleches C, Thirumurthy H, Ragland K, et al. Cash

transfers to cover clinic transportation costs improve adherence and retention in care in a HIV treatment

program in rural Uganda. 2010.

PLOS ONE Impact of user fees on HIV care in Nigeria

PLOS ONE | https://doi.org/10.1371/journal.pone.0238720 October 8, 2020 12 / 14

http://www.unaids.org/en/resources/documents/2017/20170720_Global_AIDS_update_2017
http://www.unaids.org/en/resources/documents/2017/20170720_Global_AIDS_update_2017
https://kaiserfamilyfoundation.files.wordpress.com/2014/07/7347-10-financing-the-response-to-hiv-in-low-and-middle-income-countries.pdf
https://kaiserfamilyfoundation.files.wordpress.com/2014/07/7347-10-financing-the-response-to-hiv-in-low-and-middle-income-countries.pdf
https://kaiserfamilyfoundation.files.wordpress.com/2014/07/7347-10-financing-the-response-to-hiv-in-low-and-middle-income-countries.pdf
http://www.pepfar.gov/documents/organization/222643.pdf
http://www.pepfar.gov/documents/organization/148813.pdf
http://kff.org/global-health-policy/fact-sheet/the-u-s-presidents-emergency-plan-for/
http://kff.org/global-health-policy/fact-sheet/the-u-s-presidents-emergency-plan-for/
https://doi.org/10.1097/01.aids.0000232245.36039.2b
http://www.ncbi.nlm.nih.gov/pubmed/16816566
https://doi.org/10.2471/blt.07.044248
http://www.ncbi.nlm.nih.gov/pubmed/18670668
https://doi.org/10.1186/1758-2652-14-32
http://www.ncbi.nlm.nih.gov/pubmed/21679416
https://doi.org/10.1086/431199
http://www.ncbi.nlm.nih.gov/pubmed/15983918
https://doi.org/10.1111/j.1365-3156.2011.02828.x
https://doi.org/10.1111/j.1365-3156.2011.02828.x
http://www.ncbi.nlm.nih.gov/pubmed/21718394
https://doi.org/10.1371/journal.pone.0238720


14. Tuller DM, Bangsberg DR, Senkungu J, Ware NC, Emenyonu N, Weiser SD. Transportation costs

impede sustained adherence and access to HAART in a clinic population in southwestern Uganda: a

qualitative study. AIDS Behav. 2010; 14(4):778–84. Epub 2009/03/14. https://doi.org/10.1007/s10461-

009-9533-2 PMID: 19283464; PubMed Central PMCID: PMC2888948.

15. Ahonkhai AA, Banigbe B, Adeola J, Onwuatuelo I, Bassett IV, Losina E, et al. High rates of unplanned

interruptions from HIV care early after antiretroviral therapy initiation in Nigeria. BMC Infect Dis. 2015;

15(1):397. Epub 2015/10/02. https://doi.org/10.1186/s12879-015-1137-z PMID: 26424505; PubMed

Central PMCID: PMC4589963.

16. Ahonkhai AA, Adeola J, Banigbe B, Onwuatuelo I, Adegoke AB, Bassett IV, et al. Impact of unplanned

care interruption on CD4 response early after ART initiation in a Nigerian cohort. J Int Assoc Provid

AIDS Care. 2017; 16(1):98–104. Epub 2017/01/14. https://doi.org/10.1177/2325957416672010 PMID:

28084189; PubMed Central PMCID: PMC5289066.

17. PEPFAR. FY 2015 Nigeria Country Operational Plan 2015 [cited 2016 August 31]. Available from:

http://www.pepfar.gov/documents/organization/250298.pdf.

18. Group TWB. Out-of-Pocket Health Expenditure (% of Private Expenditure on Health) 2014 [cited 2014 1

November]. Available from: http://data.worldbank.org/indicator/SH.XPD.OOPC.ZS?page=1.

19. Yazdanpanah Y, Losina E, Anglaret X, Goldie SJ, Walensky RP, Weinstein MC, et al. Clinical impact

and cost-effectiveness of co-trimoxazole prophylaxis in patients with HIV/AIDS in Cote d’Ivoire: a trial-

based analysis. AIDS. 2005; 19(12):1299–308. Epub 2005/07/30. https://doi.org/10.1097/01.aids.

0000180101.80888.c6 PMID: 16052085.

20. Nau DP. Proportion of Days Covered (PDC) as a Preferred Method of Measuring Medication Adher-

ence: Pharmacy Quality Alliance; [cited 2020 July 10]. Available from: https://sep.yimg.com/ty/cdn/epill/

pdcmpr.pdf.

21. Hong SY, Jerger L, Jonas A, Badi A, Cohen S, Nachega JB, et al. Medication possession ratio associ-

ated with short-term virologic response in individuals initiating antiretroviral therapy in Namibia. PLoS

One. 2013; 8(2):e56307. Epub 2013/03/20. https://doi.org/10.1371/journal.pone.0056307 PMID:

23509605; PubMed Central PMCID: PMC3585291.

22. Lagarde M, Palmer N. The impact of user fees on health service utilization in low- and middle-income

countries: how strong is the evidence? Bull World Health Organ. 2008; 86(11):839–48. https://doi.org/

10.2471/blt.07.049197 PMID: 19030689; PubMed Central PMCID: PMC2649541.

23. Lagarde M, Palmer N. The impact of user fees on access to health services in low- and middle-income

countries. Cochrane Database Syst Rev. 2011;(4):CD009094. Epub 2011/04/15. https://doi.org/10.

1002/14651858.CD009094 PMID: 21491414.

24. Witter S. An unnecessary evil? User fees for healthcare in low-income countries. 2005. https://

eresearch.qmu.ac.uk/handle/20.500.12289/3376.

25. Yates R, rob-yates@dfid.gov.uk, UK Department for International Development L, UK. Universal health

care and the removal of user fees. The Lancet. 2009; 373(9680):2078–81. https://doi.org/10.1016/

S0140-6736(09)60258-0 PMID: 19362359.

26. James CD, Hanson K, McPake B, Balabanova D, Gwatkin D, Hopwood I, et al. To retain or remove

user fees?: reflections on the current debate in low- and middle-income countries. Applied health eco-

nomics and health policy. 2006; 5(3):137–53. Epub 2006/11/30. https://doi.org/10.2165/00148365-

200605030-00001 PMID: 17132029.

27. Etiaba E, Onwujekwe O, Torpey K, Uzochukwu B, Chiegil R. What is the economic burden of subsidized

HIV/AIDS treatment services on patients in Nigeria and is this burden catastrophic to households?

PLoS One. 2016; 11(12):e0167117. Epub 2016/12/03. https://doi.org/10.1371/journal.pone.0167117

PMID: 27911921; PubMed Central PMCID: PMC5135056.

28. Ahonkhai AA, Noubary F, Munro A, Stark R, Wilke M, Freedberg KA, et al. Not all are lost: Interrupted

laboratory monitoring, early death, and loss to follow-up (LTFU) in a large South African treatment pro-

gram. PLoS One. 2012; 7(3):e32993. Epub 2012/03/20. https://doi.org/10.1371/journal.pone.0032993

PMID: 22427925; PubMed Central PMCID: PMC3299719.

29. Rosen S, Fox MP. Retention in HIV care between testing and treatment in sub-Saharan Africa: a sys-

tematic review. PLoS Med. 2011; 8(7):e1001056. Epub 2011/08/04. https://doi.org/10.1371/journal.

pmed.1001056 PMID: 21811403; PubMed Central PMCID: PMC3139665.

30. Geng EH, Glidden DV, Bwana MB, Musinguzi N, Emenyonu N, Muyindike W, et al. Retention in care

and connection to care among HIV-infected patients on antiretroviral therapy in Africa: estimation via a

sampling-based approach. PLoS One. 2011; 6(7):e21797. Epub 2011/08/06. https://doi.org/10.1371/

journal.pone.0021797 [pii]. PMID: 21818265; PubMed Central PMCID: PMC3144217.

31. Doshi JA, Li P, Huo H, Pettit AR, Armstrong KA. Association of patient out-of-pocket costs with prescrip-

tion abandonment and delay in fills of novel oral anticancer agents. J Clin Oncol. 2018; 36(5):476–82.

Epub 2017/12/21. https://doi.org/10.1200/JCO.2017.74.5091 PMID: 29261440.

PLOS ONE Impact of user fees on HIV care in Nigeria

PLOS ONE | https://doi.org/10.1371/journal.pone.0238720 October 8, 2020 13 / 14

https://doi.org/10.1007/s10461-009-9533-2
https://doi.org/10.1007/s10461-009-9533-2
http://www.ncbi.nlm.nih.gov/pubmed/19283464
https://doi.org/10.1186/s12879-015-1137-z
http://www.ncbi.nlm.nih.gov/pubmed/26424505
https://doi.org/10.1177/2325957416672010
http://www.ncbi.nlm.nih.gov/pubmed/28084189
http://www.pepfar.gov/documents/organization/250298.pdf
http://data.worldbank.org/indicator/SH.XPD.OOPC.ZS?page=1
https://doi.org/10.1097/01.aids.0000180101.80888.c6
https://doi.org/10.1097/01.aids.0000180101.80888.c6
http://www.ncbi.nlm.nih.gov/pubmed/16052085
https://sep.yimg.com/ty/cdn/epill/pdcmpr.pdf
https://sep.yimg.com/ty/cdn/epill/pdcmpr.pdf
https://doi.org/10.1371/journal.pone.0056307
http://www.ncbi.nlm.nih.gov/pubmed/23509605
https://doi.org/10.2471/blt.07.049197
https://doi.org/10.2471/blt.07.049197
http://www.ncbi.nlm.nih.gov/pubmed/19030689
https://doi.org/10.1002/14651858.CD009094
https://doi.org/10.1002/14651858.CD009094
http://www.ncbi.nlm.nih.gov/pubmed/21491414
https://eresearch.qmu.ac.uk/handle/20.500.12289/3376
https://eresearch.qmu.ac.uk/handle/20.500.12289/3376
https://doi.org/10.1016/S0140-6736%2809%2960258-0
https://doi.org/10.1016/S0140-6736%2809%2960258-0
http://www.ncbi.nlm.nih.gov/pubmed/19362359
https://doi.org/10.2165/00148365-200605030-00001
https://doi.org/10.2165/00148365-200605030-00001
http://www.ncbi.nlm.nih.gov/pubmed/17132029
https://doi.org/10.1371/journal.pone.0167117
http://www.ncbi.nlm.nih.gov/pubmed/27911921
https://doi.org/10.1371/journal.pone.0032993
http://www.ncbi.nlm.nih.gov/pubmed/22427925
https://doi.org/10.1371/journal.pmed.1001056
https://doi.org/10.1371/journal.pmed.1001056
http://www.ncbi.nlm.nih.gov/pubmed/21811403
https://doi.org/10.1371/journal.pone.0021797
https://doi.org/10.1371/journal.pone.0021797
http://www.ncbi.nlm.nih.gov/pubmed/21818265
https://doi.org/10.1200/JCO.2017.74.5091
http://www.ncbi.nlm.nih.gov/pubmed/29261440
https://doi.org/10.1371/journal.pone.0238720


32. Hennessy D, Sanmartin C, Ronksley P, Weaver R, Campbell D, Manns B, et al. Out-of-pocket spending

on drugs and pharmaceutical products and cost-related prescription non-adherence among Canadians

with chronic disease. Health Rep. 2016; 27(6):3–8. Epub 2016/06/16. PMID: 27305075.

33. Mahal A, Canning D, Odumosu K, Okonkwo P. Assessing the economic impact of HIV/AIDS on Nige-

rian households: a propensity score matching approach. AIDS. 2008; 22 Suppl 1:S95–101. Epub 2008/

08/02. https://doi.org/10.1097/01.aids.0000327629.62350.59 PMID: 18664961.

34. WHO. Fact Sheet: Paying for health services 2007. Available from: http://www.who.int/mediacentre/

factsheets/fs320.pdf.

35. Souteyrand YP, Collard V, Moatti JP, Grubb I, Guerma T. Free care at the point of service delivery: a

key component for reaching universal access to HIV/AIDS treatment in developing countries. AIDS.

2008; 22 Suppl 1:S161–8. Epub 2008/08/02. https://doi.org/10.1097/01.aids.0000327637.59672.02

PMID: 18664948.

36. Banigbe B, Audet CM, Okonkwo P, Arije OO, Bassi E, Clouse K, et al. Effect of PEPFAR funding policy

change on HIV service delivery in a large HIV care and treatment network in Nigeria. PLoS One. 2019;

14(9):e0221809. Epub 2019/09/26. https://doi.org/10.1371/journal.pone.0221809 PMID: 31553735;

PubMed Central PMCID: PMC6760763.

37. Rabkin M, Lamb M, Osakwe ZT, Mwangi PR, El-Sadr WM, Michaels-Strasser S. Nurse-led HIV ser-

vices and quality of care at health facilities in Kenya, 2014–2016. Bull World Health Organ. 2017; 95

(5):353–61. Epub 2017/04/05. https://doi.org/10.2471/BLT.16.180646 PMID: 28479636.

38. Kiragga AN, Nalintya E, Morawski BM, Kigozi J, Park BJ, Kaplan JE, et al. Implementation and Opera-

tional Research: Impact of Nurse-Targeted Care on HIV Outcomes Among Immunocompromised Per-

sons: A Before-After Study in Uganda. J Acquir Immune Defic Syndr. 2016; 72(2):e32–6. Epub 2016/

03/24. https://doi.org/10.1097/QAI.0000000000001002 PMID: 27003494; PubMed Central PMCID:

PMC4978777.

39. Grimsrud A, Kaplan R, Bekker LG, Myer L. Outcomes of a nurse-managed service for stable HIV-posi-

tive patients in a large South African public sector antiretroviral therapy programme. Trop Med Int

Health. 2014; 19(9):1029–39. Epub 2014/07/22. https://doi.org/10.1111/tmi.12346 PMID: 25041716.

40. MSF. Out of focus: How millions of people in West and Central Africa are being left out of the global HIV

response. 2016.

41. Economics T. Nigeria Core Inflation Rate | 2007–2018 | Data | Chart | Calendar 2018. Available from:

https://tradingeconomics.com/nigeria/core-inflation-rate.

42. UNAIDS. 90-90-90 An ambitious treatment target to help end the AIDS epidemic 2014 [cited 2018 Janu-

ary 25]. Available from: http://www.unaids.org/sites/default/files/media_asset/90-90-90_en.pdf.

PLOS ONE Impact of user fees on HIV care in Nigeria

PLOS ONE | https://doi.org/10.1371/journal.pone.0238720 October 8, 2020 14 / 14

http://www.ncbi.nlm.nih.gov/pubmed/27305075
https://doi.org/10.1097/01.aids.0000327629.62350.59
http://www.ncbi.nlm.nih.gov/pubmed/18664961
http://www.who.int/mediacentre/factsheets/fs320.pdf
http://www.who.int/mediacentre/factsheets/fs320.pdf
https://doi.org/10.1097/01.aids.0000327637.59672.02
http://www.ncbi.nlm.nih.gov/pubmed/18664948
https://doi.org/10.1371/journal.pone.0221809
http://www.ncbi.nlm.nih.gov/pubmed/31553735
https://doi.org/10.2471/BLT.16.180646
http://www.ncbi.nlm.nih.gov/pubmed/28479636
https://doi.org/10.1097/QAI.0000000000001002
http://www.ncbi.nlm.nih.gov/pubmed/27003494
https://doi.org/10.1111/tmi.12346
http://www.ncbi.nlm.nih.gov/pubmed/25041716
https://tradingeconomics.com/nigeria/core-inflation-rate
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en.pdf
https://doi.org/10.1371/journal.pone.0238720

