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Abstract

Differentiated service delivery (DSD) and multi-month dispensing (MMD) of antiretroviral

therapy (ART) have improved treatment adherence and viral suppression among people liv-

ing with HIV (PLHIV), and service delivery efficiency. We assessed the experiences of

PLHIV and providers with DSD and MMD in Northern Nigeria. We conducted in-depth inter-

views (IDI) with 40 PLHIV and 6 focus group discussions (FGD) with 39 health care provid-

ers across 5 states, exploring their experiences with 6 DSD models. Qualitative data were

analyzed using NVivo®1.6.1. Most PLHIV and providers found the models acceptable and

expressed satisfaction with service delivery. The DSD model preference of PLHIV was influ-

enced by convenience, stigma, trust, and cost of care. Both PLHIV and providers indicated

improvements in adherence and viral suppression; they also raised concerns about quality

of care within community-based models. PLHIV and provider experiences suggest that

DSD and MMD have the potential to improve patient retention rates and service delivery

efficiency.

Introduction

Globally, there are 38 million people living with HIV (PLHIV), with over 28 million currently

receiving lifelong antiretroviral therapy (ART) [1, 2]. Although national HIV programs in

resource-limited settings have been successful in enrolling PLHIV on ART, these efforts have

not been supported by a corresponding expansion in health resources, leading to congestion

in clinics and long waiting times for patients as a result of overburdened health facilities [3]. In

line with World Health Organization (WHO) recommendations, many countries have gradu-

ally adopted multi-month dispensing (MMD) (3–6 months) of ART for clinically stable

patients who are responding well to treatment [4, 5].
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In addition to MMD, several countries with high burdens of HIV have also adopted

patient-centered differentiated service delivery (DSD) models for ART drug refills designed to

bring services closer to people (in their homes or communities) and to reduce the burden on

health facilities [4]. Common ART drug refill models include: appointment spacing and fast-

track drug refill [6–8]; patient- and provider-led community ART refill groups [9–11]; home-

based ART delivery [2, 9, 12–14]; refills through private pharmacies [2]; and community ART

distribution centers [6, 15, 16].

Compared to standard facility-based care, DSD models lead to similar treatment outcomes,

as measured through viral suppression and rates of retention in care [9]. This has been demon-

strated in multiple countries in sub-Saharan Africa, including Nigeria, South Africa, Malawi,

Mozambique and Uganda [3, 6, 13, 17]. In Mozambique, community ART refill groups

improved retention rates from 52% to 91.8% at 48 months [6, 18]. DSD models have also led

to improvements in quality and efficiency of service delivery [9, 19–22]. In South Africa,

patients receiving MMD at 6-month intervals reported saving time and money due to shorter

waiting times and the need for fewer visits to clinics [2, 17, 23, 24]. In light of health care

worker shortages, DSD models have also given providers the opportunity to focus on PLHIV

with advanced disease [17, 25–27].

Nigeria has an estimated 1.9 million PLHIV, with approximately 1.4 million currently on

ART [28]. Prior to the COVID-19 pandemic, the majority of PLHIV in Nigeria received

monthly ART refills from health facilities, leading to long waiting times and clinic congestion

[29, 30]. In March 2020, COVID-19 movement restrictions necessitated a major change in the

delivery of health services for PLHIV, to mitigate treatment interruptions. Thus in Nigeria,

COVID-19 became a major driver for the increased uptake of MMD and various DSD models

[31]. The effects of this transition in Nigeria, and the resulting experiences of PLHIV and pro-

viders with MMD and DSD models of care, have not been studied.

The Strategic HIV/AIDS Response Program Task Orders (SHARP TO1 and TO3), 2-year

projects funded by the U.S. Agency for International Development (USAID) and implemented

by Chemonics International, support HIV care and treatment services in 11 states and approx-

imately 200 facilities in Northern Nigeria. The HIV prevalence in Northern Nigeria ranges

between 0.2–2.0 percent [32, 33]. The region is characterized by insecurity leading to poor

access to treatment, and religious and social norms that affect healthcare utilization [34, 35].

Over 170,000 PLHIV have received lifelong ART through these projects. We conducted this

qualitative study to understand the experiences of PLHIV and ART providers following the

implementation of MMD and various DSD models of care.

Materials and methods

Study design and population

This qualitative study was part of a larger mixed-methods study conducted in Northern Nige-

ria, between April 2021 and March 2022, on the implementation of DSD models of care across

5 states in Northern Nigeria (Adamawa, Bauchi, Borno, Kano and Niger). We identified 16

facilities offering at least 1 of 6 DSD ART refill models (community pharmacy; patient-led

community ART refill groups; provider-led community ART refill groups; decentralized ART

refill centers; family ART refill groups; and standard of care facility-based ART refill) to partic-

ipate in the study. Study sites were selected through purposive sampling informed by a survey

completed by heads of facilities in the 11 states in Northern Nigeria in which the SHARP TO1

and TO3 projects operate. The facilities (all hospitals) were located in Adamawa (4), Kano (4),

Niger (3), Bauchi (3) and Borno (2) states. We selected hospitals located in urban settings bear-

ing in mind the security situation in Northern Nigeria.
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PLHIV interviews

We conducted 40 in-depth interviews (IDIs) with PLHIV aged 18 years and older who had

been in care for 2 or more years and reported receiving ART through any 1 of the 6 DSD mod-

els. IDIs were conducted with PLHIV from health facilities located in Adamawa (3), Bauchi

(1), Kano (3) and Niger (2) states. For each of the 6 DSD models, we estimated 6–9 patients

would be adequate to provide diverse information regarding their experiences receiving care

through a specific model to reach saturation.

Clinic staff assessed patient eligibility during routine clinic visits through self-report and

medical records. We conducted the IDIs in person using a semi-structured questionnaire.

Provider focus group discussions

We conducted 6 focus group discussions (FGDs) with health care providers recruited from 6

of the 16 selected facilities. FGDs were conducted with providers in health facilities located in

Adamawa (1), Bauchi (1), Borno (2), Kano (1) and Niger (1) states. We selected facilities that

offered diverse DSD models, ensuring each of the 6 models was represented in at least 2 of the

FGDs. Nominated by clinic managers, the providers (doctors, clinical officers, nurses, counsel-

ors, pharmacists/pharmacy technologists, laboratory technologists and other health workers)

were 18 years or older and had at least 1 year of experience delivering services in HIV clinics.

We conducted FGDs in person using a structured guide with the participation of 10 providers

in each group. FGDs were conducted among a mix of providers working in a particular

facility.

All interviews were conducted by trained interviewers solely recruited for the purpose of

the study.

Conceptual model

We developed the IDI and FGD guides using components of the Andersen Behavioral Model

for Health Care Utilization [36] to gather information on the following areas: acceptability of

and preferences for DSD models; satisfaction with care; and the impact of DSD models on

ART adherence, engagement in care, viral load monitoring, and cost of care (Fig 1).

Data collection

IDIs and FGDs were conducted in English between August-December 2021, audio-recorded,

and transcribed. Most patients were proficient in English, while some responded in English

and Hausa (local language). During transcription, Hausa words were translated into English.

Demographic data were captured for each participant using Open Data Kit (ODK) and were

exported and analyzed in MS-Excel (2019).

Data analysis

We used a deductive thematic analysis approach to identify parent and subthemes, creating a

start list of codes from components of the Andersen Behavioral Model. IDI and FGD tran-

scripts were reviewed and analyzed by primary analyst (NAE) and independent analysts (SA

and ZK). The analysts jointly compared, discussed, and modified the applied themes and sub-

themes, and added additional themes accordingly to the codebook, resolving any disagree-

ments through discussions. Qualitative data were analyzed using NVivo11.6.1. Demographic

data were summarized in MS-excel using counts, proportions, medians, and interquartile

ranges (IQR).
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Ethics approval

We received Institutional Review Board (IRB) approvals from the National Health Research

Ethics Committee of Nigeria (NHREC Approval Number NHREC/01/01/2007-28/06/2021)

and the University of Maryland Baltimore Institutional Review Board (HP-00097414). PLHIV

provided informed written consent, while health care workers provided documented verbal

consent prior to enrolment in the study.

Results

Participant characteristics

IDI participants were PLHIV with a median age of 39 years (IQR 24–43). Of the 40 partici-

pants, 22 (55%) were male, 23 (58%) were currently married or co-habiting, and 25 (63%)

were accessing care at secondary facilities (e.g., district hospitals). The participants had

received HIV care and treatment services for a mean duration of 9 years. Health care providers

participating in FGDs had a median age of 39 years (IQR 30–45). Male and female providers

were equally represented and consisted primarily of clinical officers (20%), nurses (13%) and

counselors (13%). See Table 1 for detailed characteristics.

Theme 1: Acceptability of DSD models

Patients and providers found DSD models acceptable due to factors such as reduced frequency

of clinic visits and increased convenience of services. One patient recommended: “What I

really like is how[I] am collecting my drugs for 6 months, I really like how drugs are given to

patients for six (6) months. . .but I want it to be extended for one year.” (43-year-old female

patient receiving treatment in a community pharmacy in Adamawa State).

Another patient found the model acceptable due to its convenience and user-friendliness:

“One of the major differences is that now I can even sit in my house and call and someone

from the clinic will bring the medicine for me at home. Once we agree on the date, they will

bring [ART] to the house and even enter for us to exchange pleasantries.” (40-year-old male

patient receiving treatment through a provider-led community group in Bauchi State).

Fig 1. Adaptation of the Andersen behavioral model for health care utilization in Northern Nigeria.

https://doi.org/10.1371/journal.pone.0287862.g001
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Providers reported improved convenience for patients: “We [Health Care Workers] also

moved ahead to dispensing six months which the patient just comes twice a year, and which is

less stressful.” (Provider in Niger State).

Providers also reported improved convenience for themselves: “It [DSD model] allows us

[providers] even the staff here to do some other things [because] whatever thing we are going

to do here is for their [patient] benefit so it is of a great advantage.” (Provider in Niger State).

Theme 2: Preferences for DSD models

The preferences of PLHIV for various DSD models were influenced by factors such as conve-

nience, stigma, trust, and cost of care.

Convenience. Some PLHIV indicated that they preferred community pharmacies because

their close proximity to home, daily operation, and long hours made collection of ART

convenient.

Table 1. Characteristics of FGD and IDI participants.

Characteristics

Patient, N = 40 Health care Providers, N = 39

Median (IQR)/n (%) Median (IQR)/n (%)
Age 39 (24–43) 39 (30–35)

Sex

Female 18(45) 19(49)

Male 22(55) 20(51)

Duration on ART (years) 9 (5–13)

Marital Status

Single (never married) 12(30)

Married/co-habiting 23(57.5)

Widowed 3(7.5)

Divorced/separated 2(5.0)

Employment Status

Employed, Professional 9(23)

Self-employed, Professional 15(38)

Casual 4(9)

Unemployed 12(30)

Education

Primary class 6(15)

Secondary 12(30) 4(10)

Polytechnic 16(40) 11(28)

University/College 6(15) 24(62)

Facility Type

Tertiary 15(37.5)

Secondary 25(62.5)

Health Provider

Doctors 2(5)

Clinical officers 8(20)

Nurses 5(13)

Pharmacists/ pharmacy technologists 3(8)

Counselors 5(13)

Laboratory technologists 3(8)

Others 13(33)

Empty boxes denote variable is not applicable to the target population

https://doi.org/10.1371/journal.pone.0287862.t001
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According to a patient: “I think I prefer that community pharmacy because I go there at my

own convenience whether in the morning, afternoon or night; any time I have time but within

the date they gave me I will go there and collect my drugs.” (43-year-old female patient receiv-

ing drugs in a community pharmacy in Kano State).

Another patient remarked: “I don’t need to start paying [for] transport to the clinic to get it

[ART] and this [community pharmacy] is just very close to my house so I just walk down and

walk back so I would still prefer the community pharmacy.” (24-year-old male patient receiv-

ing ART in a community pharmacy in Niger State).

Stigma. Some PLHIV indicated a preference for the home delivery of ART model (a sub-

component of provider-led community groups) to alleviate potential stigma and discrimina-

tion. One patient noted: “I will prefer home delivery; home delivery will be better because at

least stigmatization and people get to know that you are a carrier [HIV positive] or things like

that so I think that will help.” (24-year-old male patient in a provider-led community model in

Niger State).

Conversely, some providers identified facility-based delivery of ART as a model that reduced

stigma. One provider, for example, noted that patient familiarity with providers facilitated ser-

vice delivery by alleviating their concerns about stigma: “I think for me based on how the clients

are behaving towards DSD models, I feel it’s just better to keep them in the facility because most

of them are still not open to the DSD like I said earlier because of the whole secrecy and all.

They still prefer to come to the facility [to meet] people that they are used to, people they see

every day because the program does not change staff all the time so at least a case manager

[Counselor] could even be having [managing] a client that has taken his/her refills since 2015 so

you see this gives them more confidence and then they feel that their situations are confidential

because it is one particular person I [they] see all the time.” (Provider in Borno State).

Trust. Some PLHIV indicated that they felt safer and better cared for at health facilities

and therefore preferred the facility-based ART refill model (standard of care). One patient

commented: “I prefer coming to the hospital to collect my drugs, and I have not collected my

drug in the pharmacy or any other place apart from the hospital. It is better and safer for me.”

(29-year-old male patient in a standard of care model in Kano State).

Another patient mentioned: “I don’t want anyone to collect my drugs, because I want to

always see the doctor, so that I will explain how I am feeling to the doctor so that he will know

me very well. I don’t have experience collecting refills in community groups because I don’t

like anyone to collect my drugs. “(48-year-old female using facility-based ART refill model in

Adamawa State).

Cost of care. Some PLHIV indicated a preference for the free of charge standard of care

model over the fee-based community pharmacy model. One patient mentioned: “You must be

able to pay the pharmacy some certain amount [1000 naira] for every 6 months you visit there,

but in [the facility] IDH you don’t pay any money, it is free of charge.” (43-year-old female

patient currently accessing drugs in a community pharmacy in Kano State).

Theme 3: Satisfaction with DSD models

Both PLHIV and providers expressed a high degree of satisfaction with the introduction of

DSD models. Specifically, patients enjoyed the fast-track services at health facilities, while pro-

viders were pleased with the reduced levels of facility congestion. When asked about how

much time is typically spent at clinic visits, a patient remarked: “I spend 30 minutes now seeing

my doctor, and it’s appropriate, but people with different problems spend more than one hour

seeing the doctor. I think it is appropriate and as for me I prefer it shorter.” (38-year-old female

patient accessing treatment through the facility-based ART refill model in Adamawa State).
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Another patient stated: “Before COVID-19, there was congestion with a large number of

clients at the facility; we normally spent 10 hours waiting at the waiting room before collecting

our drugs. After COVID-19 we spend fewer hours at the facility because they have distributed

clients to various DSD model”. (38-year-old female patient accessing ART through the facility-

based ART refill model in Adamawa State).

Similarly, providers expressed satisfaction with the lower levels of congestion at the clinics

brought about by the introduction of the DSD models. When asked about the service delivery

modifications and their appropriateness for patients and staff, a provider responded: “Well, it

prevented, or it stopped patient waiting time cause usually in a day we might see up to 70

patients, 60 even as more as 80 but with the six-month dispensing it reduces to 30, 40, 20 so it

gives us enough time to do other things too.” (Provider in Niger State).

Another provider noted: “The modification is appropriate and its makes work easier for

both staff and clients, we don’t have to track our clients now, we don’t have huge number of

defaulters now, because we take services to their location, its makes work easy for us because

we don’t have number of defaulters.” (Provider in Adamawa State).

Some providers, however, cautioned that guidelines were needed to support and standard-

ize the implementation of DSD. One provider mentioned: “We need provision of SOPs and

guidelines to actualize the implementation of the MMD and DSD Models.” (Provider in Ada-

mawa State).

Theme 4: Perceived quality of care

Despite finding DSD models acceptable, some patients expressed concern about the quality of

care they received in health facilities after the implementation of the new models. According

to a patient: “The thing I will want them to change is this, before COVID came they use to give

us health talk when we come in but now, they don’t. Briefly do health talk, weigh us, do adher-

ence and then we pick up our refills in good time.” (43-year-old female patient accessing treat-

ment through the facility-based ART refill model in Bauchi State).

Similarly, another PLHIV said: “Before the COVID, services were being offered normally

that is a patient will be weighed, health talk will be made, and other things but since COVID

came, no health talk, no full attention was given to us to avoid congestion and maintenance of

social distance, the thing I will want them to change is this, I want them to include [health talk

and vital signs check] so that new client will have more knowledge about the disease condi-

tion.” (22-year-old female patient in the family group model in Bauchi State).

Some providers expressed concern that the longer refill intervals and community ART dis-

pensing models could negatively impact quality of care and overall health outcomes. One

believed that patient health conditions would worsen without regular clinic visits: “If they have

another health issues, they will not come to the facility because they have enough drugs to take

at home.” (Provider in Adamawa State).

Another provider stated: “There is visible and significant improvement amongst the clients

that pick up their drugs from the hospital than in the clients that collects their medications out-

side.” (Provider in Kano State).

Theme 5: Impact of DSD models

The majority of PLHIV indicated that the DSD models and MMD strategies improved adher-

ence to ART, retention in care and viral suppression, and reduced cost of care. Providers, on

the other hand, reported mixed feedback regarding the impact of DSD models on adherence.

Adherence and engagement in care and viral suppression. Many PLHIV reported that

the DSD models and MMD supported their adherence to ART. One patient noted: “The

PLOS ONE Patient and provider experiences with antiretroviral treatment differentiated service delivery models

PLOS ONE | https://doi.org/10.1371/journal.pone.0287862 July 10, 2023 7 / 13

https://doi.org/10.1371/journal.pone.0287862


duration (two visits per year) affects my adherence [positively] as well as my ability to attend

clinics.” (A 38-year-old female patient receiving treatment through the facility-based ART

refill model in Adamawa State)

Some providers shared similar views: “It has impacted greatly to the client’s attendance as

well adherence to treatment, receiving refills and viral load suppression.” (Provider in Ada-

mawa State).

Providers also reported improved viral suppression among patients in various DSD models:

“Well, the good thing is it [DSD] helps the clients because somehow, we have seen to an extent

improvement in the viral load and viral load suppression.” (Provider in Niger State) Another

provider remarked: “You have more clients that are virally suppressed compared to then

[prior to DSD] in both adults and children.” (Provider in Borno State).

Several providers, however, indicated that the DSD models had negatively impacted adher-

ence to treatment: “Some of these clients feel relax taking drugs, they forget their clinic day

because they have drugs at hand.” (Counselor in Adamawa State).

One provider posited that a lack of regular contact with providers compromised patients’

abilities to adhere to their treatment:”The fact that there’s reduced contact with the counselors

there’s this temptation of let me [patient] just not take [ART] today and things like that but

when it was one month of course [ART refill] the more you come in contact with the adher-

ence counselor he gives you pep talk and then you know but now it’s reduced so that thing

about adherence I think is the major thing.” (Provider in Niger State).

Cost of care. PLHIV and providers noted that DSD models reduced cost of care for

patients, especially the high transportation costs associated with travelling to health facilities

for monthly visits.

A patient commented. “Sometimes, I don’t normally have money to come, I used to miss

my appointment sometimes like two three days because of transport money.” (33-year-old

female patient receiving treatment through the facility-based ART refill model in Niger State).

Another remarked. “It also reduces the cost of transportation because you only come twice a

year.” (43-year-old male patient receiving treatment through the decentralized ART refill

model in Adamawa State).

A provider noted. “The advantage is [that] those refills are close to the client and ideally the

community refills and any other refills that is outside the facility or outside the hub site is sup-

posed to be much easier for the clients because they do not have to spend transportation

money to come to the hub site for their refills or our viral load sample collection.” (Provider in

Borno State).

Discussion

This study showed that PLHIV and health care providers perceived MMD and DSD models

for ART refill to be acceptable and to be facilitators of better HIV outcomes and decongestion

of health facilities. Most patients in the study reported satisfaction with 6-month ART refills,

with others preferring and recommending longer intervals between medication refills. Similar

findings have been noted in Ethiopia and Thailand, with patients preferring longer (up to 1

year) ART refills [26, 37].

Factors that influenced patient preferences for DSD models included: convenience; stigma;

trust; and cost of care. For example, PLHIV tended to prefer community pharmacies com-

pared to other models due to their greater proximity to home than the typical facility, and the

convenience of longer hours of operation. These findings are similar to a study conducted in

Kenya in which patients preferred community pharmacies over other models because of their

extended hours of operation and convenient locations [38]. Similarly, PLHIV who considered
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facility attendance to be stigmatizing expressed a preference for community home delivery of

ART. Studies in Botswana [2], Kenya [34] and Uganda [35] reported similar findings in which

patient perceptions of stigma and discrimination reduced considerably with community-

based home delivery of ART by health care workers. The findings from our study and those of

other countries underscore the continued need to address stigma and discrimination in HIV

programs.

Our findings regarding cost of care corroborate those of previous studies in the region [26,

39–43], with PLHIV on MMD and receiving treatment through community-based models

reporting reduced transportation costs and other out-of-pocket expenses due to infrequent

clinic visits. Patients who preferred facility-based ART refill perceived this model to provide

greater anonymity, and thus safety, and to offer better quality of care. Some patients found see-

ing a provider at a facility reassuring. In facility-based interactions, providers gained the trust

of their clients, obtained better insight into issues of patient adherence, and were well posi-

tioned to identify and address other psychosocial issues. A similar perception among some

PLHIV, that facility-based care could provide some measure of protection from community

stigma, was shown in a study in Uganda in which a high uptake of facility-based models was

linked to patient fears of unintentional disclosure of their HIV status by peers living in the

same neighborhoods [39, 44].

Furthermore, facility-based services were perceived to be more affordable. In Northern

Nigeria, community pharmacies are known to charge nominal fees for ART refills that some

PLHIV find prohibitive, leading them to prefer other service delivery models that are free of

charge. We noticed similar findings in Northwest Ethiopia and Botswana. In Ethiopia, fees

associated with drug refills led to financial concerns that had a negative impact on adherence

[26]. In Botswana, the willingness of PLHIV to access their medication through private phar-

macies dropped from 60.67% to 44.2% when they were expected to pay a dispensing fee [2].

More broadly, respondents reported that the introduction of DSD models led to less con-

gestion in health clinics and reduced patient waiting times. In addition, some PLHIV identi-

fied planning for other aspects of patient care during the ART refill visit (e.g., viral load sample

collection), as a positive factor. The decongestion of facilities allows providers more time to

provide high quality care to fewer patients, and to focus on newly initiated or clinically unsta-

ble clients [40].

Overall, providers and PLHIV indicated that DSD models helped improve patient adher-

ence and retention in care. However, some providers in our study and in others in the region

[15] expressed fears that MMD could result in inconsistent compliance to medication. Accord-

ing to studies throughout the region, these fears have not been realized. In fact, studies in Nige-

ria [45], South Africa, Uganda, Zimbabwe and Guinea showed that a higher percentage of

PLHIV on 6-monthly MMD remained in care 18 months after initiation of ART [8, 15].

Furthermore, after the expansion of DSD models for ART refills, several providers in our

study noted higher levels of viral suppression among PLHIV. While other factors such as the

roll out of the medication dolutegravir occurred during the same period, we can attribute the

introduction of DSD models to some of the improvements in viral suppression, adherence,

and engagement in care. Our findings are comparable to a multi-country analysis of 21 U.S.

President’s Emergency Plan for AIDS Relief (PEPFAR) countries that showed steady increases

in virologic suppression among patients accessing MMD, a fundamental characteristic of any

DSD model [31].

This study had a few limitations. As we set about capturing a range of perspectives from

PLHIV availing themselves of the different service delivery models operational in our setting,

we found that some respondents lacked clarity about the specific DSD model they were access-

ing for ART refills. We resolved this challenge by instructing the interviewers to spend
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additional time clarifying the DSD model. Due to security issues and limited research funding,

most of our respondents were mainly from urban settings in the Northeast of Nigeria. While

we would not anticipate a wide variation in experiences with the various service delivery mod-

els, additional research focusing on rural populations may be required for a more complete

understanding of the perspectives of PLHIV and providers outside of urban settings.

Conclusion

PLHIV and provider experiences suggest that MMD and DSD models are acceptable and have

the potential to improve patient retention, viral suppression, and efficiency in service delivery.

As HIV programs continue to decentralize ART refill at the community level, it is important

to continually incorporate lessons from patient and provider experiences in order to improve

existing service delivery models and generate ideas for new ones.

Supporting information

S1 File. Inclusivity in global research.

(DOCX)

Acknowledgments

We wish to thank the PLHIV and providers in Northern Nigeria who participated in the in-

depth interviews and focus group discussions. We also thank the clinic staff across the 16 facili-

ties that assisted with identifying and recruiting the PLHIV and providers, as well as the study

staff who conducted the data collection.

Author Contributions

Conceptualization: Bazghina-werq Semo, Cyrus Mugo.

Formal analysis: Nnenna Ezeokafor, Sylvester Adeyemi, Zipporah Kpamor.

Methodology: Cyrus Mugo.

Supervision: Bazghina-werq Semo, Nnenna Ezeokafor, Sylvester Adeyemi, Cyrus Mugo.

Writing – original draft: Bazghina-werq Semo, Nnenna Ezeokafor.

Writing – review & editing: Sylvester Adeyemi, Zipporah Kpamor, Cyrus Mugo.

References
1. Global HIV & AIDS statistics—Fact sheet | UNAIDS [Internet]. [cited 2022 May 19]. Available from:

https://www.unaids.org/en/resources/fact-sheet

2. Mpofu M, Moyo T, Gilbert M, Dikobe W, Nishimoto L, Katiko G, et al. Distribution of antiretroviral therapy

through private pharmacies and postal courier services during COVID-19 in Botswana: acceptability

and reach of two out-of. Wiley Online Libr [Internet]. 2021 [cited 2022 May 19]; 2021(S6):25814. Avail-

able from: https://onlinelibrary.wiley.com/doi/abs/10.1002/jia2.25814 PMID: 34713589

3. Sanwo O, Persaud NE, Nwaokoro P, Idemudia A, Akpan U, Toyo O, et al. Ibom and Cross River States,

Differentiated service delivery models among PLHIV in AkwaNigeria during the COVID-19 pandemic:

descriptive analysis of programmatic data. J Int AIDS Soc [Internet]. 2021 Oct 1 [cited 2022 May 19]; 24

(S6):25820. Available from: http://onlinelibrary.wiley.com/doi/10.1002/jia2.25820/full%7C PMID:

34713591

4. THE USE OF ANTIRETROVIRAL DRUGS FOR TREATING AND PREVENTING HIV INFECTION

2016. World Health Organization. (2016). Consolidated guidelines on the use of antiretroviral drugs for

treating and preventing HIV infection: recommendations for a public health approach, 2nd ed. World

Health Organization. https://apps.who.int/iris/handle/10665/208825

PLOS ONE Patient and provider experiences with antiretroviral treatment differentiated service delivery models

PLOS ONE | https://doi.org/10.1371/journal.pone.0287862 July 10, 2023 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0287862.s001
https://www.unaids.org/en/resources/fact-sheet
https://onlinelibrary.wiley.com/doi/abs/10.1002/jia2.25814
http://www.ncbi.nlm.nih.gov/pubmed/34713589
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25820/full%7C
http://www.ncbi.nlm.nih.gov/pubmed/34713591
https://apps.who.int/iris/handle/10665/208825
https://doi.org/10.1371/journal.pone.0287862


5. Bailey LE, Siberry GK, Agaba P, Douglas M, Clinkscales JR, Godfrey C. The impact of COVID-19 on

multi-month dispensing (MMD) policies for antiretroviral therapy (ART) and MMD uptake in 21 PEP-

FAR-supported countries: a multi. Wiley Online Libr [Internet]. 2021 [cited 2022 May 19]; 2021

(S6):25794. Available from: https://onlinelibrary.wiley.com/doi/abs/ https://doi.org/10.1002/jia2.25794

PMID: 34713578

6. Bemelmans M, Baert S, Goemaere E, Wilkinson L, Vandendyck M, Van Cutsem G, et al. Community-

supported models of care for people on HIV treatment in sub-Saharan Africa. South Africa Med Unit.

2014; https://doi.org/10.1111/tmi.12332 PMID: 24889337

7. Lujintanon S, Amatavete S, Sungsing T, Seekaew P, Peelay J, Mingkwanrungruang P, et al. Client and

provider preferences for HIV care: Implications for implementing differentiated service delivery in Thai-

land. J Int AIDS Soc. 2021 Apr 1; 24(4). https://doi.org/10.1002/jia2.25693 PMID: 33792192

8. Epie Bekolo C, Diallo A, Philips M, Yuma J-D, Di Stefano L, Drèze S, et al. Six-monthly appointment

spacing for clinical visits as a model for retention in HIV Care in Conakry-Guinea: a cohort study.

9. Decroo T, Rasschaert F, Telfer B, Remartinez D, Laga M, Ford N. Community-based antiretroviral ther-

apy programs can overcome barriers to retention of patients and decongest health services in sub-

Saharan Africa: a systematic review. Available from: https://academic.oup.com/inthealth/article/5/3/

169/651961

10. Faturiyele IO, Appolinare T, Ngorima-Mabhena N, Fatti G, Tshabalala I, Tukei VJ, et al. Outcomes of

community-based differentiated models of multi-month dispensing of antiretroviral medication among

stable HIV-infected patients in Lesotho: a cluster randomised non-inferiority trial protocol. Available

from: https://doi.org/10.1186/s12889-018-5961-0

11. Fatti G, Ngorima-Mabhena N, Mothibi E, Muzenda T, Choto R, Kasu T, et al. Outcomes of Three- Ver-

sus Six-Monthly Dispensing of Antiretroviral Treatment (ART) for Stable HIV Patients in Community

ART Refill Groups: A Cluster-Randomized Trial in Zimbabwe. J Acquir Immune Defic Syndr [Internet].

2020 Jun 1 [cited 2022 Jun 19]; 84(2):162–72. Available from: /pmc/articles/PMC7172979/ https://doi.

org/10.1097/QAI.0000000000002333 PMID: 32097252

12. Theresa H, Bateganya M, Toyo O, Health CF-G, 2021 undefined. How Home Delivery of Antiretroviral

Drugs Ensured Uninterrupted HIV Treatment During COVID-19: Experiences From Laos, Indonesia,

Nepal, and Nigeria. academia.edu [Internet]. [cited 2022 May 19]; Available from: https://www.

academia.edu/download/77888006/How_home_delivery_paper_Theresa_Hoke.pdf

13. Kipp W, Konde-Lule J, Rubaale T, Okech-Ojony J, Alibhai A, Saunders DL. Comparing antiretroviral

treatment outcomes between a prospective community-based and hospital-based cohort of HIV

patients in rural Uganda [Internet]. 2011. Available from: http://www.biomedcentral.com/1472-698X/11/

S2/S12

14. Jaffar S, Amuron B, Foster S, Birungi J, Levin J, Namara G, et al. Rates of virological failure in patients

treated in a home-based versus a facility-based HIV-care model in Jinja, southeast Uganda: a cluster-

randomised equivalence trial. Lancet. 2009; 374(9707):2080–9. https://doi.org/10.1016/S0140-6736

(09)61674-3 PMID: 19939445

15. Duffy M, Sharer M, Davis N, Eagan S, Haruzivishe C, Katana M, et al. Differentiated Antiretroviral Ther-

apy Distribution Models: Enablers and Barriers to Universal HIV Treatment in South Africa, Uganda,

and Zimbabwe. J Assoc Nurses AIDS Care [Internet]. 2019 Sep 1 [cited 2022 Jun 6]; 30(5):e132. Avail-

able from: /pmc/articles/PMC6756295/ https://doi.org/10.1097/JNC.0000000000000097 PMID:

31135515

16. Fatti G, Ngorima-Mabhena N, Tiam A, Tukei BB, Kasu T, Muzenda T, et al. Community-based differen-

tiated service delivery models incorporating multi-month dispensing of antiretroviral treatment for newly

stable people living with HIV receiving single annual clinical visits: a pooled analysis of two cluster-ran-

domized trials in. J Int AIDS Soc. 2021 Oct 1; 24(S6).

17. Fox ID MP, Pascoe SI, Huber AN, Murphy JI, Phokojoe M, Gorgens M, et al. Adherence clubs and

decentralized medication delivery to support patient retention and sustained viral suppression in care:

Results from a cluster-randomized evaluation of differentiated ART delivery models in South Africa.

2019; Available from: https://doi.org/10.1371/journal.pmed.1002874

18. Wandeler G, Keiser O, Pfeiffer K, Pestilli S, Fritz C, Labhardt ND, et al. Outcomes of antiretroviral treat-

ment programs in rural Southern Africa. J Acquir Immune Defic Syndr [Internet]. 2012 Feb 2 [cited 2022

Aug 17]; 59(2):e9. Available from: /pmc/articles/PMC3259205/ https://doi.org/10.1097/QAI.

0b013e31823edb6a PMID: 22067665

19. Bemelmans M, Baert S, Goemaere E, Wilkinson L, Vandendyck M, van Cutsem G, et al. Community-

supported models of care for people on HIV treatment in sub-Saharan Africa. Trop Med Int Heal [Inter-

net]. 2014 Aug 1 [cited 2022 Jun 13]; 19(8):968–77. Available from: https://onlinelibrary.wiley.com/doi/

full/ https://doi.org/10.1111/tmi.12332 PMID: 24889337

20. Vogt F, Kalenga L, Lukela J, Salumu F, Diallo I, Nico E, et al. Brief Report: Decentralizing ART Supply

for Stable HIV Patients to Community-Based Distribution Centers: Program Outcomes From an Urban

PLOS ONE Patient and provider experiences with antiretroviral treatment differentiated service delivery models

PLOS ONE | https://doi.org/10.1371/journal.pone.0287862 July 10, 2023 11 / 13

https://onlinelibrary.wiley.com/doi/abs/
https://doi.org/10.1002/jia2.25794
http://www.ncbi.nlm.nih.gov/pubmed/34713578
https://doi.org/10.1111/tmi.12332
http://www.ncbi.nlm.nih.gov/pubmed/24889337
https://doi.org/10.1002/jia2.25693
http://www.ncbi.nlm.nih.gov/pubmed/33792192
https://academic.oup.com/inthealth/article/5/3/169/651961
https://academic.oup.com/inthealth/article/5/3/169/651961
https://doi.org/10.1186/s12889-018-5961-0
https://doi.org/10.1097/QAI.0000000000002333
https://doi.org/10.1097/QAI.0000000000002333
http://www.ncbi.nlm.nih.gov/pubmed/32097252
https://www.academia.edu/download/77888006/How_home_delivery_paper_Theresa_Hoke.pdf
https://www.academia.edu/download/77888006/How_home_delivery_paper_Theresa_Hoke.pdf
http://www.biomedcentral.com/1472-698X/11/S2/S12
http://www.biomedcentral.com/1472-698X/11/S2/S12
https://doi.org/10.1016/S0140-6736%2809%2961674-3
https://doi.org/10.1016/S0140-6736%2809%2961674-3
http://www.ncbi.nlm.nih.gov/pubmed/19939445
https://doi.org/10.1097/JNC.0000000000000097
http://www.ncbi.nlm.nih.gov/pubmed/31135515
https://doi.org/10.1371/journal.pmed.1002874
https://doi.org/10.1097/QAI.0b013e31823edb6a
https://doi.org/10.1097/QAI.0b013e31823edb6a
http://www.ncbi.nlm.nih.gov/pubmed/22067665
https://onlinelibrary.wiley.com/doi/full/
https://onlinelibrary.wiley.com/doi/full/
https://doi.org/10.1111/tmi.12332
http://www.ncbi.nlm.nih.gov/pubmed/24889337
https://doi.org/10.1371/journal.pone.0287862


Context in Kinshasa, DRC. J Acquir Immune Defic Syndr [Internet]. 2017 Mar 3 [cited 2022 Jun 14]; 74

(3):326. Available from: /pmc/articles/PMC5305289/ https://doi.org/10.1097/QAI.0000000000001215

PMID: 27787343

21. Abaasa AM, Todd J, Ekoru K, Kalyango JN, Levin J, Odeke E, et al. Good adherence to HAART and

improved survival in a community HIV/AIDS treatment and care programme: the experience of The

AIDS Support Organization (TASO), Kampala, Uganda. BMC Health Serv Res [Internet]. 2008 [cited

2022 Jun 14]; 8:241. Available from: /pmc/articles/PMC2606686/ https://doi.org/10.1186/1472-6963-8-

241 PMID: 19021908

22. Delivering antiretroviral therapy in the communiTy: Experience from four countries in Southern Africa.

[cited 2022 Jun 14]; Available from: https://www.msfaccess.org/sites/default/files/MSF_assets/HIV_

AIDS/Docs/AIDS_report_ClosertoHome_ENG_2012.pdf

23. Venables E, Towriss C, Rini Z, Nxiba X, Cassidy T, Tutu S, et al. Patient experiences of ART adherence

clubs in Khayelitsha and Gugulethu, Cape Town, South Africa: A qualitative study. PLoS One. 2019 Jun

1; 14(6). https://doi.org/10.1371/journal.pone.0218340 PMID: 31220116

24. Rabkin M, Strauss M, Mantell JE, Mapingure M, Masvawure TB, Lamb MR, et al. Optimizing differenti-

ated treatment models for people living with HIV in urban Zimbabwe: Findings from a mixed methods

study. PLoS One. 2020 Jan 1; 15(1). https://doi.org/10.1371/journal.pone.0228148 PMID: 31990930

25. Beatrice M. Hiv/aids Patient Experience and Factors Associated With Satisfaction in Differentiated Ser-

vice Delivery in Kiambu County. 2021 [cited 2022 May 19]; Available from: http://erepository.uonbi.ac.

ke/handle/11295/160172

26. Abebe Belay Y, Yitayal M, Atnafu A, Agimass Taye F. Patient experiences and preferences for antiretro-

viral therapy service provision characteristics: implications for implementing differentiated service deliv-

ery in. 2022 [cited 2022 May 19]; Available from: https://www.researchsquare.com/article/rs-1388885/

latest.pdf

27. Wouters E, Van Damme W, Van Rensburg D, Masquillier C, Meulemans H. Impact of community-

based support services on antiretroviral treatment programme delivery and outcomes in resource-lim-

ited countries: A synthetic review. BMC Health Serv Res [Internet]. 2012 Jul 9 [cited 2022 Jun 15]; 12

(1):1–17. Available from: https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-12-

194 PMID: 22776682

28. Nigeria | UNAIDS [Internet]. [cited 2022 Jun 15]. Available from: https://www.unaids.org/en/

regionscountries/countries/nigeria

29. Boyd AT, Jahun I, Dirlikov E, Greby S, Odafe S, Abdulkadir A, et al. Expanding access to HIV services

during the COVID-19 pandemic-Nigeria, 2020. AIDS Res Ther [Internet]. 2021; 18:62. Available from:

https://doi.org/10.1186/s12981-021-00385-5 PMID: 34538268

30. Dirlikov E, Jahun I, Solomon; Odafe F, Ogbanufe Obinna; Onyenuobi; Chibuzor, et al. Morbidity and

Mortality Weekly Report Rapid Scale-up of an Antiretroviral Therapy Program Before and During the

COVID-19 Pandemic-Nine States, Nigeria [Internet]. 2019. Available from: https://www.state.gov/

pepfar/

31. Bailey LE, Siberry GK, Agaba P, Douglas M, Clinkscales JR, Godfrey C. The impact of COVID-19 on

multi-month dispensing (MMD) policies for antiretroviral therapy (ART) and MMD uptake in 21 PEP-

FAR-supported countries: a multi-country analysis. J Int AIDS Soc [Internet]. 2021 Oct 1 [cited 2022

May 19]; 24(S6):25794. Available from: http://onlinelibrary.wiley.com/doi/10.1002/jia2.25794/full%

7Chttps://doi.org/ PMID: 34713578

32. Federal Ministry of Health. NAIIS 2018 Technical Report. 2019;2–3. Available from: https://www.naiis.

ng/resource/NAIIS-Report-2018.pdf

33. FMoH. Nigeria HIV/AIDS Indicator and Impact Survey. Natl Agency Control AIDS [Internet]. 2019;

(November):1–5. Available from: https://www.naiis.ng/%0Ahttps://naca.gov.ng/wp-content/uploads/

2019/03/NAIIS-PA-NATIONAL-FACTSHEET-FINAL.pdf

34. Ekezie W. Resilience actions of Internally Displaced Persons (IDPs) living in camp-like settings: a

Northern Nigeria case study. J Migr Heal. 2022 Jan 1; 6. https://doi.org/10.1016/j.jmh.2022.100115

PMID: 35668733

35. Birchall J. Overview of social exclusion in Nigeria. [cited 2023 May 2]; Available from: https://opendocs.

ids.ac.uk/opendocs/handle/20.500.12413/14809

36. Andersen and Newman Framework of Health Services Utilization. [cited 2022 Jun 28]; Available from:

http://mchp-appserv.cpe.umanitoba.ca/supp/mchp/protocol/media/Andersen_and_Newman_

Framework.pdf

37. Lujintanon S, Amatavete S, Sungsing T, Seekaew P, Peelay J, Mingkwanrungruang P, et al. Client and

provider preferences for HIV care: Implications for implementing differentiated service delivery in Thai-

land. Wiley Online Libr [Internet]. 2021 [cited 2022 May 19]; Available from: https://onlinelibrary.wiley.

com/doi/abs/ https://doi.org/10.1002/jia2.25693 PMID: 33792192

PLOS ONE Patient and provider experiences with antiretroviral treatment differentiated service delivery models

PLOS ONE | https://doi.org/10.1371/journal.pone.0287862 July 10, 2023 12 / 13

https://doi.org/10.1097/QAI.0000000000001215
http://www.ncbi.nlm.nih.gov/pubmed/27787343
https://doi.org/10.1186/1472-6963-8-241
https://doi.org/10.1186/1472-6963-8-241
http://www.ncbi.nlm.nih.gov/pubmed/19021908
https://www.msfaccess.org/sites/default/files/MSF_assets/HIV_AIDS/Docs/AIDS_report_ClosertoHome_ENG_2012.pdf
https://www.msfaccess.org/sites/default/files/MSF_assets/HIV_AIDS/Docs/AIDS_report_ClosertoHome_ENG_2012.pdf
https://doi.org/10.1371/journal.pone.0218340
http://www.ncbi.nlm.nih.gov/pubmed/31220116
https://doi.org/10.1371/journal.pone.0228148
http://www.ncbi.nlm.nih.gov/pubmed/31990930
http://erepository.uonbi.ac.ke/handle/11295/160172
http://erepository.uonbi.ac.ke/handle/11295/160172
https://www.researchsquare.com/article/rs-1388885/latest.pdf
https://www.researchsquare.com/article/rs-1388885/latest.pdf
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-12-194
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-12-194
http://www.ncbi.nlm.nih.gov/pubmed/22776682
https://www.unaids.org/en/regionscountries/countries/nigeria
https://www.unaids.org/en/regionscountries/countries/nigeria
https://doi.org/10.1186/s12981-021-00385-5
http://www.ncbi.nlm.nih.gov/pubmed/34538268
https://www.state.gov/pepfar/
https://www.state.gov/pepfar/
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25794/full%7C
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25794/full%7C
https://doi.org/
http://www.ncbi.nlm.nih.gov/pubmed/34713578
https://www.naiis.ng/resource/NAIIS-Report-2018.pdf
https://www.naiis.ng/resource/NAIIS-Report-2018.pdf
https://www.naiis.ng/%0Ahttps://naca.gov.ng/wp-content/uploads/2019/03/NAIIS-PA-NATIONAL-FACTSHEET-FINAL.pdf
https://www.naiis.ng/%0Ahttps://naca.gov.ng/wp-content/uploads/2019/03/NAIIS-PA-NATIONAL-FACTSHEET-FINAL.pdf
https://doi.org/10.1016/j.jmh.2022.100115
http://www.ncbi.nlm.nih.gov/pubmed/35668733
https://opendocs.ids.ac.uk/opendocs/handle/20.500.12413/14809
https://opendocs.ids.ac.uk/opendocs/handle/20.500.12413/14809
http://mchp-appserv.cpe.umanitoba.ca/supp/mchp/protocol/media/Andersen_and_Newman_Framework.pdf
http://mchp-appserv.cpe.umanitoba.ca/supp/mchp/protocol/media/Andersen_and_Newman_Framework.pdf
https://onlinelibrary.wiley.com/doi/abs/
https://onlinelibrary.wiley.com/doi/abs/
https://doi.org/10.1002/jia2.25693
http://www.ncbi.nlm.nih.gov/pubmed/33792192
https://doi.org/10.1371/journal.pone.0287862


38. PREFERENCES FOR ANTIRETROVIRAL REFILL AND PICKUP THROUGH COMMUNITY PHAR-

MACIES IN BUSIA, KAJIADO, AND NAIROBI COUNTIES. 2021; Available from http://www.

healthpolicyplus.com/ns/pubs/18523-18927_KenyaARV.pdf

39. Adjetey V, Obiri-Yeboah D, Dornoo B. Differentitertiary facility in Ghanaated service delivery: A qualita-

tive study of people living with HIV and accessing care in a. BMC Health Serv Res. 2019 Feb 4; 19(1).

40. Hubbard J, Phiri K, Moucheraud C, McBride K, Bardon A, Balakasi K, et al. A Qualitative Assessment of

Provider and Client Experiences with 3- And 6-Month Dispensing Intervals of Antiretroviral Therapy in

Malawi. Glob Heal Sci Pract. 2020 Mar 30; 8(1):18–27. https://doi.org/10.9745/GHSP-D-19-00286

PMID: 32015007

41. Roberts D, Tan N, Limaye N, . . . EI-J of acquired, 2019 undefined. THE COST OF DIFFERENTIATED

HIV ANTIRETROVIRAL THERAPY DELIVERY STRATEGIES IN SUB-SAHARAN AFRICA: A SYS-

TEMATIC REVIEW. ncbi.nlm.nih.gov [Internet]. [cited 2022 May 19]; Available from: https://www.ncbi.

nlm.nih.gov/pmc/articles/pmc6884078/

42. Okere NE, Corball L, Kereto D, Hermans S, Naniche D, Rinke De Wit TF, et al. Patient-incurred costs in

a differentiated service delivery club intervention compared to standard clinical care in Northwest Tan-

zania. 2021; Available from: http://onlinelibrary.wiley.com/doi/ https://doi.org/10.1002/jia2.25760/full

43. Rosen S, Nichols B, Guthrie T, Benade M, Kuchukhidze S, Long L. Do differentiated service delivery

models for HIV treatment in sub-Saharan Africa save money? Synthesis of evidence from field studies

conducted in sub-Saharan Africa in 2017–2019. Gates Open Res 2022 5177 [Internet]. 2022 Feb 25

[cited 2022 Sep 12]; 5:177. Available from: https://doi.org/10.12688/gatesopenres.13458.2 PMID:

35310814

44. Zakumumpa H, Rujumba J, Kwiringira J, Katureebe C, Spicer N. Understanding implementation barri-

ers in the national scale-up of differentiated ART delivery in Uganda. BMC Health Serv Res. 2020 Mar

17; 20(1). https://doi.org/10.1186/s12913-020-5069-y PMID: 32183796

45. Sanwo O, Persaud NE, Nwaokoro P, Idemudia A, Akpan U, Toyo O, et al. Differentiated service delivery

models among PLHIV in Akwa Ibom and Cross River States, Nigeria during the COVID-19 pandemic:

descriptive analysis of. Wiley Online Libr [Internet]. 2021 [cited 2022 May 19]; 2021(S6):25820. Avail-

able from: https://onlinelibrary.wiley.com/doi/abs/ https://doi.org/10.1002/jia2.25820 PMID: 34713591

PLOS ONE Patient and provider experiences with antiretroviral treatment differentiated service delivery models

PLOS ONE | https://doi.org/10.1371/journal.pone.0287862 July 10, 2023 13 / 13

http://www.healthpolicyplus.com/ns/pubs/18523-18927_KenyaARV.pdf
http://www.healthpolicyplus.com/ns/pubs/18523-18927_KenyaARV.pdf
https://doi.org/10.9745/GHSP-D-19-00286
http://www.ncbi.nlm.nih.gov/pubmed/32015007
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc6884078/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmc6884078/
http://onlinelibrary.wiley.com/doi/
https://doi.org/10.1002/jia2.25760/full
https://doi.org/10.12688/gatesopenres.13458.2
http://www.ncbi.nlm.nih.gov/pubmed/35310814
https://doi.org/10.1186/s12913-020-5069-y
http://www.ncbi.nlm.nih.gov/pubmed/32183796
https://onlinelibrary.wiley.com/doi/abs/
https://doi.org/10.1002/jia2.25820
http://www.ncbi.nlm.nih.gov/pubmed/34713591
https://doi.org/10.1371/journal.pone.0287862

