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Abstract

Introduction

Tuberculosis screening of people living with human immunodeficiency virus is an interven-

tion recommended by the WHO to control the dual epidemic of TB and HIV. The extent to

which the intervention is adhered to by the HIV healthcare providers (fidelity) determines the

intervention’s effectiveness as measured by patient outcomes, but literature on fidelity is

scarce. This study assessed provider implementation fidelity to national guidelines on TB

screening at HIV clinics in Ghana.

Methods

It was a cross-sectional study that used structured questionnaires to gather data, involving

226 of 243 HIV healthcare providers in 27 HIV clinics across Ghana. The overall fidelity

score comprised sixteen items with a maximum score of 48 grouped into three components

of the screening intervention (TB diagnosis, TB awareness and TB symptoms question-

naire). Simple summation of item scores was done to determine fidelity score per provider.

In this paper, we define the level of fidelity as low if the scores were below the median score

and were otherwise categorized as high. Background factors potentially associated with

implementation fidelity level were assessed using cluster-based logistic regression. Odds

ratio with 95% confidence interval (CI) was used as the measure of association.

Results

Of the 226 healthcare providers interviewed, 60% (135) were females with a mean age of

34.5 years (SD = 8.3). Most of them were clinicians [63% (142)] and had post-secondary

non-tertiary education [62% (141)]. Overall, 53% (119) of the healthcare providers were cat-

egorized to have implemented the intervention with high fidelity. Also, 56% (126), 53%

(120), and 59% (134) of the providers implemented the TB diagnosis, TB awareness and
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TB symptoms questionnaire components respectively with high fidelity. After adjusting for

cluster effect, female providers (AOR = 2.36, 95%CI: 1.09–5.10, p = <0.029), those with ter-

tiary education (AOR = 4.31, 95%CI: 2.12–9.10, p = 0.040), and clinicians (AOR = 1.78,

95%CI: 1.07–3.50, p = 0.045) were more likely to adhere to the guidelines compared to their

counterparts.

Conclusion

The number of providers with fidelity scores above the median was marginally greater (6%)

than the number with fidelity score below the median. Similarly, for each of the components,

the number of providers with fidelity scores higher than the median was marginally higher.

This could explain the existing fluctuations in the intervention outcomes in Ghana. We found

gender, profession and education were associated with provider implementation fidelity.

To improve fidelity level among HIV healthcare providers, and realize the aims of the TB

screening intervention among PLHIV in Ghana, further training on implementing all compo-

nents of the intervention is critical.

Introduction

Globally, tuberculosis (TB) disease is known to be the main cause of death among people living

with HIV (PLHIV) [1]. PLHIV are more likely to succumb to TB diseases than people without

HIV due to their compromised immune system. Intensified TB case-finding through TB

screening of PLHIV is one of the World Health Organization (WHO) policies emphasizing TB

and HIV collaborative activities as a means to reducing the dual burden of TB and HIV [2, 3].

Effective TB screening of PLHIV ensures early identification of those with presumptive TB

infection who requires a confirmatory test through X-ray or genXpert for appropriate treat-

ment [1]. The early detection helps to identify TB cases and ensures the separation of cases

from non-cases to reduce the TB transmission in PLHIV [1].

The National TB Control Programme (NTP) in Ghana, like many other countries where

HIV and TB are of public health concern, adopted and implemented the policy on TB screen-

ing of PLHIV in 2004 [2, 4]. PLHIV who attend HIV clinics should be systematically and rou-

tinely screened for TB at every visit using the WHO-approved screening questionnaire for the

presence of cough of any duration, fever, weight loss and night sweats [5]. PLHIV with the

presence of one or more of these symptoms have a confirmatory test (X-ray/XpertMTB/RIF)

and then appropriate preventive or curative treatment depending on the result [3]. Although

the intervention (TB screening of PLHIV) was implemented over a decade ago [6] the propor-

tion of PLHIV screened had not been stable–declines and fluctuates over time [7]. In the early

years of the implementation, the proportion of PLHIV screened for TB was about 70–96% [7].

But this fluctuated as the years progressed, with about 80% of PLHIV in 2013 [7] and 41% in

2014 [8] not screened for TB. This led to a review of the policy in 2014 with new screening tar-

gets set at 56% for 2015, and progressively increasing the target to 80% in 2018 and 90% in

2020 [7]. In 2018, 44000 TB cases and 15,800 TB deaths were recorded with an estimated inci-

dence rate of 148 per 100,000 population [9]. Also, according to the WHO global TB report

(2020) [10] out of 35,424 newly enrolled person in HIV care in Ghana, 2620 (7.4%) were noti-

fied as TB cases.
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Intervention implementation under real-life conditions is known to be complex and influ-

enced by different factors [11–13]. The implementation science (IS) literature posits that inter-

ventions of proven effectiveness may fail to yield intended outcomes due to challenges related

to the implementation of the intervention in real-world settings [14–17].

Some researchers postulate that interventions yield the desired outcome if the implementa-

tion is effective [17–19]. One of the ways to measure implementation effectiveness is to assess

what is referred to in IS as implementation fidelity (IF) (that is the degree to which the inter-

vention is being implemented by healthcare providers as intended by the designers of the inter-

vention) [20–24]. Some researchers have conceptualized how different factors act or interplay

to influence the implementation programme [12, 14–16, 25, 26]. Carroll et al. 2007 [24] devel-

oped a comprehensive framework outlining the components of implementation fidelity as

adherence covering activities of content, coverage, frequency and duration. It also outlined

that the level of implementation fidelity may be influenced by factors called moderators subcat-

egorized as intervention complexity, facilitation strategies quality of delivery, and participant’s

responsiveness. They emphasized that IF is the same as adherence and so therefore, the assess-

ment of IF is tantamount to adherence assessment. It is argued that any of these fidelity com-

ponents alone, or a mix depending on the intervention and the guideline, could be used to

measure implementation fidelity [21, 27]. But the mix must show consistency in dimensional-

ity (number of attributes of a dataset for an outcome), reliability (produce the same finding

under similar situation) and validity (measures what it is intended to) through the use of an

empirical method of analysis such as structural equation modelling, factor analysis and princi-

pal component analysis [28, 29], summation of items/activities/component scores [30]. These

analytic techniques are helpful to researchers in determining the best combination of items.

Interventions are aided with policy or programme guidelines based on both theoretical and

empirical grounds. These guidelines contain the core components of the intervention without

which the intervention cannot operate effectively to achieve the intended outcome [31, 32].

Many studies have been conducted on IF from different disciplines [33]; in education [34],

social work [35], engineering [36], construction [37] and health [16, 38, 39], the area of this

study. IF is important in the process of translating evidence-based interventions into real-life

practice. This means, whether an intervention is implemented within the health sector accord-

ing to design, for instance, has repercussions on whether that intervention will achieve in the

population the health outcomes observed in the clinical trials [15, 19]. However, there is a dearth

of research on the fidelity of implementation of the TB screening intervention among PLHIV in

Ghana or elsewhere. Most studies conducted in this area are focused on screening coverage [40–

42]. Another one was a before-and-after study that assessed the impact of integrating TB and

HIV services on TB treatment outcomes and explored the usefulness of TB treatment outcomes

as TB/HIV indicators [43]. Whether and the extent to which the TB screening intervention

among PLHIV is being implemented would have an impact on the coverage of this intervention

among PLHIV (service outcome) and ultimately the burden of TB among PLHIV (health out-

come). However, no study has been conducted in Ghana to assess IF as a possible reason for the

observed low and fluctuating screening coverage outcomes since the implementation of the

intervention. This study, therefore, assessed the level of provider IF to TB screening among

PLHIV attending HIV clinics in Ghana as well as factors associated with IF level.

Conceptual framework: The conceptual framework for implementation

fidelity

Many frameworks have been developed for assessing IF. Where applicable, some studies com-

bine adherence and competence to assess IF [38, 44, 45] while other studies assessed only
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adherence and consider competence as a moderating factor [46, 47]. Having identified adher-

ence as our focus of assessing IF for this study, we adapted Carroll et al. Conceptual Frame-

work for Implementation Fidelity (CFIF) [24] because it harnessed other frameworks and is a

comprehensive and useful way of assessing IF [12]. Carroll et al. [24] reviewed existing theories

and frameworks of IF and developed the CFIF with constructs guiding the assessment and

understanding of implementation fidelity. The framework was made up of five elements;

adherence, dose, quality of delivery, participant responsiveness, and programme differentia-

tion. The framework suggested that the measurement of adherence (content, frequency, dura-

tion and coverage) to the intervention is IF. It considers the rest of the elements as moderating

factors of fidelity level achieved. The desired outcome of TB screening depends largely on how

well the intervention is implemented. The final implementers of the intervention were the pro-

viders at the HIV clinics.

We, therefore, adapted and drew conceptual inspiration from CFIF to assess IF for this

study at the provider level. According to Carroll et al. [24], successful implementation can

only result if the essential components of the intervention are identified and implemented as

planned. The identification offers the opportunity for adaptation. Clinical guidelines outlining

what the healthcare providers are expected to do in terms of TB screening among PLHIV exist

[2, 3, 7]. In adapting the CFIF to measure IF, we reviewed the TB screening guideline among

PLHIV and identified essential components. These components were grouped under content

and frequency sub-constructs of adherence.

The level of IF is influenced by the relationship between other factors and the essential

components of the intervention identified. In our study, the IF could potentially be influ-

enced by an interaction between those essential components and critical characteristics

such as contextual factors (regional location of the HIV clinic) and the provider characteris-

tics. They are widely considered critical because they influence attitude and motivation

which eventually affects behaviour. Based on the concept of the framework, we finally

decided to examine the influence of these critical characteristics on IF as depicted in

Fig 1. The broken line in Fig 1 shows that the connection between TB screening among

PLHIV and its outcomes is external to IF, but that the degree of IF attained can alter this

relationship.

The details of content and frequency sub-constructs used in this study are defined as below:

1. Content–the degree to which healthcare providers at the HIV clinic follow the intervention

guideline, e.g. providing important counselling and education, screening, referral, and

appropriate treatment

2. Frequency–the extent to which healthcare providers at the HIV clinic perform the activities

on the guideline according to the prescribed frequency, e.g. how often does the HIV care

provider conducts counselling, education, use the TB screening tools among PLHIV; which

must be conducted all the time for all clients seen.

Materials and methods

Ethics statement

Protocol approvals were obtained from both the Human Research Ethics Committee (Medi-

cal) of the University of the Witwatersrand, Johannesburg, South Africa (Clearance number

M190110) and the Ghana Health Service Ethical Review Committee (GHS-ERC), Accra,

Ghana (clearance number GHS-ERC002/01/19). All participants in the study gave written

consent.
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Study site

Ghana administratively is made up of 10 regions subdivided into 216 districts in 2017. Out of

the 216 districts, 140 have district hospitals. This study was conducted in 27 HIV clinics

located within 27 district hospitals across the 10 regions. These 27 district hospitals have and

mandatorily run HIV clinics daily on all the 5-working days of the week. These district hospi-

tals were chosen for this study because as part of care, the NTP identified these 27 district hos-

pitals with both X-ray machines and geneXperts for TB confirmatory tests as the first sites to

begin the implementation of isoniazid preventive therapy (IPT) for screened PLHIV who

tested negative for TB.

The regional distribution of these hospitals are Volta 1; Upper West, Northern, and Greater

Accra with 2 each; Brong Ahafo, Central, Upper East and Western with 3 each and Eastern

and Ashanti with 4 each as shown on the map of Ghana (Fig 2).

Among PLHIV, preventing TB involves the three ‘I’s: Intensified case finding, Isoniazid

Preventive Therapy (IPT), and Infection Control for TB including early initiation of ART. At

the HIV clinic within the district hospital, trained healthcare providers (clinical and non-clini-

cal) guided by the guidelines for TB preventive therapy in Ghana provide TB preventive ser-

vices to PLHIV attending the clinic. At every visit, PLHIV are given TB counselling and

screening using TB symptom screening questionnaire. Based on the client response to the

signs and symptoms (cough of any duration, night sweat, chest pain, weight loss or fever) pro-

viders had to refer client to for GenXpert or X-rays confirmation test. If Mycobacterium TB is

detected, providers initiate anti therapy appropriately, otherwise they initiate TB preventive

therapy based on TB expert evaluation.

Fig 1. A conceptual framework for provider level IF to TB screening at HIV clinics in Ghana: Adapted from CFIF by Carroll

et al., 2007.

https://doi.org/10.1371/journal.pone.0257486.g001
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Unlike other sectors like education, construction, and engineering, the health sector at the

district hospital level (Fig 3) for instance had intervention guidelines for (1) management at

facility or programme level and (2) providers who are the direct implementers of the interven-

tion to participants. The structure in Fig 3 refers to the arrangement or formation at the hospi-

tal. All the providers at the HIV care clinics were equipped to screen PLHIV for TB. The NPT

ensured that all HIV clinics staff had engaged in either a pre-service, in-service, and or con-

tinuing professional development and specialization course training on TB and HIV issues

including TB screening. These providers include clinicians (provide direct care to patients, e.g.

nurses and physicians) and non-clinicians (support patient care, e.g. disease control, task-shift-

ing, health promotion, and nutrition officers). Therefore both the clinicians and non-clinicians

at the HIV clinic trained on TB collaborative activities are required to provide TB and HIV

counseling, conduct TB screening with the TB screening questionnaire, administer ARV,

and provide other TB related activities among PLHIV at HIV clinics. Non-clinicians exclude

Fig 2. A map of Ghana showing the 10 regions and the study sites.

https://doi.org/10.1371/journal.pone.0257486.g002

Fig 3. A typical structure of district hospital depicting where facility and provider levels belonged.

https://doi.org/10.1371/journal.pone.0257486.g003
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laboratory and pharmacy staff who might have received trainings on TB related activities but

do not do TB screening.

Study design and sampling

A total of 27 HIV clinics within the identified 27 district hospitals with both the X-ray

machines and geneXperts for TB confirmatory tests were surveyed for the study.

The study was cross-sectional that used a census-based survey to interview all the providers

at the 27 HIV care clinics. This census-based method was applied to achieve a good number of

participants to conduct a meaningful analysis of the study. To maximize representation and

ensure all providers involved in doing TB screening at the clinic participated in the study, the

number of providers per clinic was established with an effort to include everyone in the study.

Staff and other healthcare providers who did not work directly with the HIV clinic were

excluded.

Data collection

A questionnaire was developed and used to collect data from the participants. The structured

questionnaire collected data on the demographic characteristics of the provider, and data on

their reported adherence to the clinical guidelines on screening of PLHIV, focusing on con-

tents and frequency of the intervention implementation. Prior information and knowledge

from the TB/HIV collaborative protocol guideline by the Ghana NTP [6] together with the

CFIF guided the measurement approach. The provider-level fidelity questionnaire was devel-

oped based on the key elements or activities in the guidelines for the provision of TB screening

among people living with HIV attending the HIV care clinic. The questionnaire focused on

the main activities directly relating to TB screening by the providers, as documented in the

guideline. A total of 19 questions were formulated from these main activities and as mentioned

earlier was part of the pretest during the research assistants training.

As with many other healthcare surveys [48, 49], most of the questions were formulated on

different point-Likert scales depending on what it sought to measure [50]. Table 1 presents a

list of questions as outlined in the TB screening guideline and grouped under each of the con-

tent and frequency sub-elements and how they were measured.

Data collection was conducted by four teams of research assistants comprising three mem-

bers each. Research assistants were trained for 5 days with the fifth day used for pretesting the

tools. The tools were pretested in two similar HIV clinics to ensure that measurement errors

and respondent burdens are minimized and to point out problem areas for rectification. The

teams collected the main data only on weekdays from 9th April to 24th April 2019 (12 working

days). Each team visited a facility for at least five working days. Follow-ups/return visits were

made for 4-days while the team was still within the facility such that every participant could be

interviewed. In the end, a total of 244 healthcare providers from the 27 district hospitals across

the country were established as potential participants at the HIV clinics. We interviewed 226

participants, with the number of healthcare providers interviewed per clinic ranging from 6 to

12 as shown by the flowchart of the recruitment and study profile (Fig 4).

Data management and analysis

An EPIDATA version 3.1 software was use to capture the collected data which based on hard-

copy questionnaire and further imported into Stata 15 for cleaning and analysis.

Questions covering content were measured by 1 = yes, meaning the activity was performed

or provided and 0 = no, meaning the activity was not provided or performed. Other items

under this construct were open-ended questions at the time of the data collection. They were
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post-coded later with a scale of 1 to 3 indicating the degree to which the provider’s response

reflected adherence to what is in the intervention guideline (1 = not adherent; 2 = partially
adherent and 3 = fully adherent). The frequency components of the questionnaire were mea-

sured on a scale of 1 to 5 (1 = never, 2 = rarely, 3 = for some clients sometimes 4 = either for all
new clients or annually for existing clients, 5 = All the time for all clients), with a scale 5 being

what the intervention guidelines expected.

We first had to determine the level of implementation fidelity from the questions/items

covering content and frequency and the further identify associated provider characteristics.

The questionnaire items–which were selected from the guideline–had never been used to mea-

sure fidelity anywhere and as such, there was no reference for what would constitute high or

low fidelity. There was therefore a need to identify the set of items or variables underlying the

plausible factors or components required to measure provider implementation fidelity to the

TB screening intervention guidelines. Since there was no existing study on how different

items, number of items and components relate to one another to help us determine the fidelity

level, we proceeded to arrive at a parsimonious representation of the associations among our

Table 1. List of the 19 items used to determine provider implementation fidelity score.

Content items Frequency items

Description (variable name) Mean Description (variable name) Mean

Response: Response:

1 = Never

2 = RarelyNo. . ...0 Yes. . ..1

3 = For some clients sometimes

4 = Either for all new clients or annually for existing clients

5 = All the time for all clients

Component 1: TB diagnosis

Asks client about cough of any

duration.

0.863 How frequently do ask PLHIV about cough of any duration during consultation? 4.257

Asks if the client has night sweats. 0.686 How frequently do you ask PLHIV about night sweats during consultation? 3.580

Asks if the client had fever. 0.619 How frequently do you ask PLHIV if they had a fever during consultation? 3.553

Asks if the client has pain in the chest. 0.748 How frequently do you ask PLHIV about pain in the chest during consultation? 3.823

Asks/checks if the client lost weight. 0.673 How frequently do you ask/check the weight of PLHIV during consultation? 3.336

Component 2: TB awareness

Provides education. 0.659 How frequently do you provide education for PLHIV? 3.385

Provides counselling about TB

screening.

0.726 How frequently do you provide counselling about TB screening for PLHIV? 3.695

Component 3: TB symptoms questionnaire

Uses TB screening questionnaire

(clinical algorithm).

0.730 How frequently do you use the TB screening questionnaire for PLHIV? 3.668

Component 4: TB screening process

Do you ask all the HIV clients all the

TB screening questions?

0.664

After screening the client for TB, what do you do next? ^ 2.0

1 = No adherent 2 = Partially adherent 3 = fully adherent

If you identify a client who you presumed of having TB, what steps would you take? ^ 1.650

1 = Not adherent 2 = Partially adherent 3 = fully adherent

Note:
^ Open-ended questions.

The means of each items were computed based on the responses from the providers to give prior information on each items prior to further analysis.

https://doi.org/10.1371/journal.pone.0257486.t001

PLOS ONE Provider implementation fidelity to TB screening among PLHIV

PLOS ONE | https://doi.org/10.1371/journal.pone.0257486 September 17, 2021 8 / 21

https://doi.org/10.1371/journal.pone.0257486.t001
https://doi.org/10.1371/journal.pone.0257486


measured variables. In order to do so and find the underlying variables for measuring fidelity

to the guidelines on TB screening of PLHIV at HIV clinics, the exploratory factor analysis

(EFA) method using polychoric correlations matrix technique was initially employed. On

applying the EFA, we found that the factor loadings and unique variances were very low as

expected but three of the 19 items. The factor analysis was however not value-adding as there

was no apparent significant variable reduction. Therefore, the original items were instead used

for further analysis.

As a result, we re-grouped the original items selected from the TB screening guideline into

four main components based on our knowledge and experience. Each of the four components

has different items that must be implemented to achieve the purpose of the TB screening inter-

vention among PLHIV. These components are as follows:

1. TB diagnosis through screening for signs and symptoms of TB among all PLHV at all HIV

clinics during every visit.

2. TB Awareness through health education on TB and counselling of all HIV clients at every

HIV clinic visit.

3. TB symptoms questionnaire to screen all HIV clients for TB at all HIV clinics.

4. TB screening process which entails providers’ knowledge of the processes of early diagnosis

and treatment of HIV-associated TB at the HIV clinic.

Each of the four components of the intervention is made up of between two to ten items as

outlined in the guideline for implementation of TB/HIV collaborative activities [51]. Among

the 19 items identified items, the TB diagnosis component comprises 10; TB awareness 4; TB

symptoms questionnaire 2; and TB screening process 3 items.

To proceed with assessing the provider fidelity level, we conducted an internal consistency

and reliability check to ensure that the various items are suitable to measure each of the four

Fig 4. Flowchart of recruitment and study profile of the healthcare providers at the HIV clinics.

https://doi.org/10.1371/journal.pone.0257486.g004
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components. The Cronbach Alpha which measures the internal consistency (the extent to

which the items in a test measure the same component) of a scale [52] was used. A calculated

alpha closer to one showed items measure the component well. The calculated alpha was high

(approximately 0.900) for TB diagnosis, TB awareness, and TB symptoms questionnaire com-

ponents except the TB screening process with an alpha score of 0.423. The TB screening pro-

cess component was therefore excluded from the analysis based on it low alpha value [52].

The Cronbach Alpha calculated for all the items from the three components (TB diagnosis,

TB awareness, and TB symptoms questionnaire) showed that the data seem to fit well

(Alpha = 0.915) in the scale in all aspects to enhance the accuracy of overall provider fidelity

level assessment.

We carried out the analysis on the three components and their respective items. Based on

the various scoring for each item, the total maximum possible score was 48 (16 items) per pro-

vider (TB diagnosis 30; TB awareness 12; and TB symptoms questionnaire 6). Item scores for

each component were summed to determine component-specific fidelity scores for each HIV

care provider. An overall provider implementation fidelity level was then determined by sum-

ming items scores of all the three components.

The scores of the three components and the overall were converted to proportions based on

the respective total maximum possible score and summarized using Median, Inter-quartile

ranges (IQR), and percentages. These scores were measuring extent of fidelity and compared

across geographic location of the health facility and provider characteristics using the Kruskal

Wallis and Chi square tests.

Reference point regarding what constitutes a high level of provider implementation fidelity

to TB screening among PLHIV is unknown. To aid interpretation of the fidelity scores, we

arbitrarily used the median fidelity score computed from this study as a cut-off, since our data

was not normally distributed. Therefore we grouped as low fidelity those providers whose

fidelity scores were below the median and as high fidelity those whose fidelity scores were

equal or above the median fidelity (coded as 0 = low provider fidelity level and 1 = high provider
fidelity level).

A descriptive analysis on the participants’ characteristics and levels of fidelity was con-

ducted. Logistic regression (LR) was used to examine for association between the IF level and

characteristics of the healthcare provider adjusting for the district hospital (random) effect.

Statistical significance was considered at 5% level. The variance inflation factor (VIF) calcu-

lated to measure the amount of multicollinearity in the regression variables ranged between

1.02 and 1.34 (mean VIF = 1.18), which indicates no correlation between the variables. All the

analysis were performed using the Stata 15 software [53].

Results

Descriptive analysis

Characteristics of healthcare providers. The study profile (Fig 4) showed that 226 HIV

care providers participated in this study. The result from descriptive analysis (Table 2) found

that out of the 226 healthcare providers interviewed, about 60% (135) were females. The mean

age of the providers was 34.5 years (Standard Deviation [SD] = 8.3) and 65% (147) providers

have worked in the HIV clinic for less than 5 years. The results also showed that 63% (142) of

the providers were clinicians whilst 62% (141) had attained a post-secondary non-tertiary level

of education.

Among the clinicians, the mean age was 34.6 years (SD = 9.1), 76.8% (109) were females

and most (76.1%, n = 108) had attained post-secondary non-tertiary education level followed

by tertiary education (20.4%, n = 29). Also, among the non-clinicians, the mean age was 34.3
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years (SD = 7.0), most (69.1%n = 58) were males, and most (54.8%, n = 46) attained tertiary

level of education followed by post-secondary no tertiary education (39.3%, n = 33).

Descriptive statistics of the raw items/variables. Table 3 presents the descriptive statis-

tics for the raw data for determining implementation fidelity for the TB screening interven-

tion. For example 73% (165) of the providers use the TB screening questionnaire at the HIV

clinic during TB screening while 66% do ask all the HIV clients all the TB screening question

during screening.

Provider implementation fidelity level

The study showed that, providers in 12 out of the 27 HIV clinics scored above the median

implementation fidelity score. The results in Table 4 presents the summary statistics of pro-

vider fidelity scores for the three components of the intervention and the overall. The study

showed that, the TB symptoms questionnaire component had the highest median score of

100% followed by TB diagnosis and TB awareness each scoring 83%.

The overall provider implementation fidelity score ranged from 16% to 100%. The median

overall provider implementation score was 79% (IQR: 58.3, 100.0). Out of the 226 HIV care

providers, 53% (n = 119) had scores above the median fidelity score.

The fidelity scores and levels for the three components were also compared.

TB diagnosis. The fidelity score for the component of TB diagnosis ranged from 17% to

100% with a median score of 83% (IQR: 50, 100). The study showed that about 56% (n = 126)

of the HIV care providers had an implementation fidelity score above the TB diagnosis median

score (high fidelity level). Providers in 16 clinics had a TB diagnosis implementation fidelity

score above the median.

TB awareness. The result showed that, the fidelity score for the component of awareness

also ranged from 17% to 100%. Its median fidelity score was also 83% (IQR: 50, 100) with

about 53% (n = 120) of the health care providers scoring implementation fidelity above the

median score of awareness component (high fidelity level). Provider in 13 clinics were found

to have an awareness component fidelity score above the median.

TB symptoms questionnaire. The level of provider fidelity to implementing the TB screening

questionnaire among PLHIV ranged from 17% to 100%, its median score was 100% (IQR:

17%, 100%), and most HIV care providers (59%, n = 134) were in high fidelity level category.

Table 2. Characteristics of the healthcare providers by profession at the HIV clinics in Ghana, 2019.

Characteristics of providers Clinicians Non-clinicians All providers

n (%) n (%) n (%)

Age in completed years, Mean (SD) 34.6 (9.1) 34.3 (7.0) 34.5 (8.3)

Gender

Female 109 (76.8) 26 (30.9) 135 (59.7)

Male 33 (23.2) 58 (69.1) 91 (40.30)

Years working in HIV care clinic

<5years 102 (71.8) 45 (53.6) 147 (65.0)

5years plus 40 (28.2) 39 (46.4) 79 (35.0)

Highest educational level

Upper secondary 5 (3.5) 5 (5.9) 10 (4.4)

Post-secondary non-tertiary 108 (76.1) 33 (39.3) 141 (62.4)

Tertiary 29 (20.4) 46 (54.8) 75 (33.2)

Total 142 (100) 84 (100) 226 (100)

https://doi.org/10.1371/journal.pone.0257486.t002
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Similarly, providers in 16 clinics were found to have an implementation fidelity score above

the median for the TB diagnosis component.

Comparison of geographical and provider characteristics between fidelity levels. From

the univariate analysis presented in Table 5, most healthcare providers in Brong Ahafo (70%),

Western (88%), Greater Accra (60%), Northern (60%), and Volta (87%) regions were not

adherent (low IF level) to the intervention guidelines compared to most providers in Ashanti

(59%), Central (77%), Upper East (70%), Upper West (77%) and Eastern (55%) regions who

implemented the intervention with high fidelity. Providers in Brong Ahafo, Western and

Volta regions who were not adherent to the intervention guidelines differ significantly com-

pared to their counterparts who were adherent to the intervention guidelines in same regions.

Re-grouped regions into zones as a result of relatively small numbers did not showed statisti-

cally significant association between zonal locations and IF level–although providers in Savan-

nah zone were about 1.6 times more likely to implement the intervention with high IF that

those in the Forest zone.

Provider IF levels significantly (p<0.05) varied in terms of gender, profession, level of

education attained (tertiary level) of the healthcare provider. The results show 61% of female

providers had a high level of adherence to the TB screening intervention guidelines, as did

60% of clinician providers, 40% of non-clinician providers, 54% of healthcare providers who

attained post-secondary non-tertiary education, and 53% of providers with tertiary educa-

tion. Female providers were about 2.4 times more likely to adhere to implementation guide-

lines than male counterparts (p<0.05). Also, providers who attained post-secondary non-

tertiary were about 3 times more likely to implement the intervention with high IF than

those who attained upper secondary (p<0.05). The study found no significant difference in

provider IF levels across educational age and the number of years working at the HIV clinic

(p>0.05).

Factors associated with provider implementation fidelity level

We used the ecological zones in the multiple logistic regression instead of regions due to the

small sample sizes and their potential effects on the confidence intervals. The cluster-based

logistics regression result after adjusting for the district hospital as the cluster effect showed

that gender, profession, and tertiary educational level of the HIV care provider were signifi-

cantly associated with provider IF level (Table 6). After adjusting for other factors and the hos-

pital effect, female providers were about 2.4 times (AOR = 2.36, 95% CI: 1.09–5.10, p = 0.029)

more likely than their male counterparts to implement the TB screening intervention among

PLHIV with high IF level.

The odds of being a clinician (AOR = 1.78, 95%CI: 1.07–3.50, p = 0.045), and attaining ter-

tiary education level (AOR = 4.31, 95%CI: 2.12–9.10, p = 0.040) and implementing the inter-

vention with high compliance is higher than being a non-clinician, and attaining upper

secondary educational level after adjusting for other factors and hospital effect.

Table 4. Summary statistics of the provider fidelity scores by the components.

Component of the TB screening

intervention

Fidelity score Median

(IQR)

High fidelity level Low fidelity level

n (%) n (%)

1. TB Diagnosis 83.33 (50, 100) 126 (55.8) 100 (44.2)

2. TB Awareness 83.33 (50, 100) 120 (53.1) 100 (46.9)

3. TB symptoms questionnaire 100 (16.67, 100) 134 (59.3) 92 (40.7)

Over all 79.17 (58.33, 100) 119 (52.7) 107 (47.3)

https://doi.org/10.1371/journal.pone.0257486.t004
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Discussion

This study aimed to assess provider IF to the guideline on TB screening among PLHIV attend-

ing HIV clinics in Ghana and potential factors associated with IF level. Despite the growing

number of studies assessing fidelity of implementation in health, our study is the first in

Ghana and one of the few in Africa to assess implementation outcome such as fidelity to the

guideline on TB screening at the HIV clinics. Most studies conducted in this area focused on

intervention outcomes such as cured, died, completed treatment, among others [42, 54]. The

determination of IF scores were done the summation approach based on providers’ responses

Table 5. Comparison of geographical and provider characteristics between fidelity levels.

Characteristics of providers Low fidelity

level

High fidelity

level

Row

Total

crude OR 95%CI

N (%), M (SD) N (%), M (SD)

Region

Ashanti (Ref) 13 (40.6) 19 (59.4) 32 1.00 -

Brong Ahafo 14 (70.0) 6 (30.0) 20 0.29� 0.09–0.96

Central 7 (22.6) 24 (77.4) 31 2.35 0.78–7.04

Eastern 19 (45.2) 23 (54.8) 42 0.83 0.33–2.10

Greater Accra 12 (60.0) 8 (40.0) 20 0.46 0.14–1.43

Northern 9 (60.0) 6 (40.0) 15 0.46 0.13–1.59

Upper East 6 (30.0) 14 (70.0) 20 1.60 0.49–5.24

Upper West 3 (23.1) 10 (76.9) 13 2.28 0.52–9.92

Volta 7 (87.5) 1 (12.5) 8 0.10� 0.01–0.89

Western 17 (68.0) 8 (32.0) 25 0.32� 0.11–0.96

Ecological zone

Forest (Brong Ahafo, Ashanti & Eastern)
(Ref)

46 (48.9) 48 (51.1) 94 1.00 -

Savannah (Upper East, Upper West &
Northern)

18 (37.5) 30 (62.5) 48 1.60 0.78–3.25

Coastal (Gt. Accra, Western, Central &
Volta)

43 (51.2) 41 (48.8) 84 0.91 0.51–1.65

Mean age of provider in completed years 33.8 (6.9) 35.1 (9.4) - 1.02 0.98–1.05

Years working in HIV clinic

<5years (Ref) 72 (49.0) 75 (51.0) 147 1.00 -

5years plus 35 (44.3) 44 (55.7) 79 1.20 0.70–2.09

Gender

Male (Ref) 55 (60.4) 36 (39.6) 91 1.00 -

Female 52 (38.5) 83 (61.5) 135 2.44� 1.41–4.20

Profession

Non-clinician (Ref) 50 (59.5) 34 (40.5) 84 1.00 -

Clinician 57 (40.1) 85 (59.9) 142 2.19� 1.27–3.80

Highest educational level

Upper secondary (Ref) 7 (70.0) 3 (30.0) 10 1.00 -

Post-secondary non-tertiary 65 (46.1) 76 (53.9) 141 2.73� 1.08–

10.98

Tertiary 35 (46.7) 40 (53.3) 75 2.67 0.64–

11.10

Note: The totals are in row and therefore correspond to total percentages of 100%.

�Significant at 95%CI.

https://doi.org/10.1371/journal.pone.0257486.t005
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to questions on core components of the intervention [55]. The IF level refers to those providers

with composite scores equal or above the median score (high IF level) vs. those with composite

scores below the median score (low IF level). This approach advances methods for measuring

IF by statistically defining what constitutes high versus low level of fidelity. The creation of a

level of implementation (low versus high implementation) is one of the two ways of assessing

fidelity [15, 56], that is rarely applied in the IS literature.

Based on the structured questionnaires, the first key finding of this study is that, among all

healthcare providers surveyed, 53% had scores equal or above the overall median fidelity score

of 79%. Since there was no existing reference point of what constitutes high implementation

fidelity level, using the median as a cut-off as done in our study implies that only 53% of the

providers implemented the intervention with a higher level of fidelity than the 79%. The num-

ber who implemented with high fidelity was marginally (6% points) higher than those who

implemented with lower fidelity score than the median. It is difficult to interpret whether a

79% fidelity score is adequate, for the TB screening intervention, in this context. This fairly

high percentage of providers with lower adherence score (<79%) might lead to spurious con-

clusions about the effectiveness of the intervention [17, 57, 58]. Putting this finding in context,

there is evidence that coverage of the intervention has been below set targets in the past years

[51]. Our findings show that, overall, 47% of providers implement the intervention with low

fidelity which may contribute to this sub-optimal coverage. We observed high provider fidelity

scores in only 12 out of the 27 HIV clinics. Among the three components, providers in 16 clin-

ics adhered to the items or activities constituting the TB diagnosis and the TB symptom ques-

tionnaire components. Provider non-adherence or low IF of healthcare interventions are

known in the published literature to weaken chances of attaining intervention outcomes and

render efficacious interventions ineffective in real life [22].

The next key finding of our study is that contextual factors (geographical location) influ-

ence the level of IF to the intervention. Even though a moderate proportion of healthcare pro-

viders implemented TB screening among PLHIV with high fidelity level overall, there were

Table 6. Multivariable logistic regression between implementation fidelity level and background factors with dis-

trict hospital (random) effect.

Characteristics of providers AOR 95% CI p-value

Ecological zonal

Forest (Brong Ahafo, Ashanti & Eastern) (Ref) 1.00 - -

Savannah (Upper East, Upper West & Northern) 1.83 0.70–4.80 0.220

Coastal (Gt. Accra, Western, Central & Volta) 0.95 0.28–3.21 0.942

Gender

Male (Ref) 1.00 -

Female 2.36 1.09–5.10 0.029��

Profession

Non-clinician (Ref) 1.00 - -

Clinician 1.78 1.07–3.50 0.045�

Highest educational level

Upper secondary (Ref) 1.00 - -

Post-secondary non-tertiary 2.66 0.48–14.66 0.260

Tertiary 4.31 2.12–9.10 0.040��

AOR = adjusted odds ratio,

� marginal significant and

�� significant at 95%CI.

https://doi.org/10.1371/journal.pone.0257486.t006
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marked statistically significant differences in the level of fidelity of implementation across

some regions. Among the 10 regions of the country at the time of the study, most healthcare

providers in five regions adhered (55–77%) to the intervention guidelines whilst in the other

five regions, most did not (60–88%). The urbanity of the facility where the intervention is

being implemented influences IF level [13, 59, 60]. Even though our study found some rela-

tionship between the regional locations of the district hospital and IF level, it is beyond the

scope of this study to delve into urbanity of the district hospitals where this study was con-

ducted. Although the samples sizes were small, regional location is a critical factor in our anal-

ysis because the health system of Ghana has cascading administrative management from

regional through the district to hospital level and implementation of new intervention are dis-

cussed and planed using the top-bottom approach. Hospitals within the same region should

share similar findings from an intervention. It will be worthwhile to investigate more fully the

impact of context in the implementation of this intervention. Regions were re-grouped into

three ecological zones (forest, savannah and coastal) due to insufficient sample size as men-

tioned. After accounting for the HIV clinic as a cluster effect, none of the ecological locations

of the HIV clinic was found to statistically influence the IF level. That notwithstanding, since

the TB screening intervention is guided by universal national protocols and guidelines it is

expected that the adherence to intervention guidelines by providers will be uniform spatially.

But our study found variability in IF spatially which is similar to the variability found between

primary healthcare facilities in South Africa [30]. It is therefore important that supporting

activities and resources aimed at ensuring provider adherence with TB screening should be

streamlined across all regions to ensure uniformity in the delivery of the intervention.

Our study found that provider characteristics influenced IF level, similar to other studies in

the literature [11, 12, 15, 56]. Factors reported in the literature to influence the level of fidelity

include gender, education, cadre (profession), perceived need and benefit of the intervention,

and work experience [15, 24]. Regarding factors that influence level of fidelity, we assessed the

demographic aspect of the provider characteristics. Our findings from the cluster-based logis-

tic regression analysis showed that the gender, profession, educational level of the providers

were statistically significantly associated with provider IF to TB screening among PLHIV. This

study found that after adjusting for the cluster effect (district hospital (HIV clinic)), female

providers and clinicians adhered mostly to the implementation guideline and those with

higher education also complied most to the intervention guidelines. We expected provider

experience to influence IF but our study did not find such an association, though another

study found that experience in terms of the number of years worked at the HIV clinic may not

influence IF [60]. They argued that though providers experience is worth considering for

implementation, in their study experience could not have predicted fidelity of implementation

because most, if not all, healthcare providers had adequate levels of education and experience

[60].

Strengths and limitation

To our knowledge, this study is one of the first that assess provider implementation fidelity to

the TB screening intervention in sub-Sahara Africa particularly in the context of Ghana. This

study thus assessed implementation outcome, whereas most studies assess the effectiveness of

the intervention in terms of the intervention outcomes. This study was a census-based survey

of all HIV care providers at all the study sites which allowed us to make a good conclusion. In

an attempt to reduce and combine data, we attempted a robust analytical approach through a

factor analytic technique to determine factors underlying assessment of IF of the intervention.

This approach did not add any value to the analysis. We therefore resorted to using original
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items to assess fidelity. Finally, modified CFIF directed the assessment of contextual and

demographics factors found to relate to IF. The VIF showed that multicollinearity was not an

issue of concerned in the logistic model.

The study also had some limitations. It assessed implementation fidelity using provider

self-reported responses on how TB screening intervention among PLHIV is being imple-

mented. Like all other studies of this nature, there is a major limitation with regards to the

validity and accuracy of self-reported responses due to possible social desirability and recall

bias [56, 61–63]. However, since providers interviewed were all active and currently delivering

the intervention, issues with recall errors were highly minimized. Also, this method offers a

time and cost-efficient means to obtain clinical and program level information from the pro-

vider perspective compared to methods that involve independent observations [22]. We had a

challenge with the categorization of fidelity levels because there are no existing norms or refer-

ences. We, therefore, chose the median as the cut-off because our data was not normally dis-

tributed. Median as a cut-off might lead to loss of information and reducing the statistical

power to detect a relation between the variables and fidelity level, hence some of the findings

should be interpreted with caution. Notwithstanding, the median serves as a yardstick and les-

son learned can inform better implementation of the intervention in this and other settings.

Also, categorizing fidelity into high or low simplified the statistical analysis which led to easy

interpretation and presentation of our result.

Conclusion

IF studies are important yet there are no existing norms for its categorization. This study

added to knowledge another way of determining IF levels and information needed to mean-

ingfully conclude on the performance of the TB screening intervention implemented over a

decade in Ghana.

The study suggests that a high level of IF to the intervention was marginally achieved, i.e. a

little above the median fidelity score for each of the three components as well as the overall.

We, therefore, found elements of healthcare provider adherence as well as some evidence of

low IF among healthcare providers delivering TB screening intervention to PLHIV. Some

researchers have referred to these bottlenecks in implementation fidelity as type III errors [58,

64] and argue that such errors can negatively affect intervention effectiveness. Nevertheless,

regional location, gender, profession, and level of education were associated significantly with

IF levels in this study. Supporting strategies such as continuous training, coaching and pro-

gram review among providers and program managers should be at the core of program

implementation in this context. Strategies for monitoring and measuring implementation

fidelity should be clearly defined and implemented to offer constant program performance

information to serve as the basis for recommendations to improve program implementation

outcomes.

In summary, our study demonstrated a systematic way of assessing fidelity of implementa-

tion at the provider level using the core components of the intervention. IF assessment should

be encouraged or incorporated into government or national interventions to understand the

weakness and areas of the intervention that needs improvement to be able to keep to desire

outcomes of interventions. Most fidelity assessments were done as such but implementation

scientists should consider assessing fidelity at the health facility level. This is where resources

and guidelines are discussed and discharged to providers. Finally, since the providers did not

fully adhered to three components of the intervention, it however indicated an opportunity for

improvement of the current implementation of the TB screening intervention among PLHIV

attending HIV clinics.
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