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Executive Summary

Introduction

Tuberculosis (TB) is an important public health issue in South Africa that has burdened health
systems for decades. The past decade has seen progress in the management of this disease.
However, the advent of the coronavirus disease 2019 (COVID-19) has disrupted the provision of
essential TB services, resulting in TB detection dropping in the early phase of the pandemic.
This has subsequently affected TB incidence and mortality. Therefore, in addition to recovery
plans, TB services require strengthening to withstand future health crises. As such, this study
aimed to generate evidence to inform a novel approach for improving TB diagnostic services in
high-burden settings using the eThekwini district in KwaZulu Natal (KZN) Province, South

Africa, as a study setting.
Methods

The study employed a multiphase mixed methods study design consisting of four phases.
Initially, a scoping review was conducted to gather the available evidence on TB services during
the COVID-19 pandemic. The findings were used to inform the objectives for the rest of the
study. During the first phase, a geospatial analysis was conducted to calculate the geographic
accessibility of TB diagnostic services at primary healthcare clinics in eThekwini district. The
second phase consisted of a quasi-experimental study that determined the impact of COVID-19
on TB diagnostic services. The barriers and facilitators to providing quality diagnostic services
were explored for the third phase through a facility audit and patient interviews. In the final
phase, a Nominal Group Technique (NGT) was conducted with relevant TB stakeholders to
develop an approach for enhancing TB diagnostic services during the pandemic. Together, the
study’s findings were synthesized and used to inform a framework to improve and strengthen the

quality of TB diagnostic services.
Results

The scoping review revealed that the COVID-19 pandemic severely impacted TB detection due
to various factors, including limited access to facilities. This prompted recommendations that
could facilitate better service provision amid the pandemic. The study’s geographic access

evaluation determined that diagnostic services were highly accessible to most (92.6%) of the
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eThekwini population. The areas of poor accessibility mainly consisted of the rural population.
Moreover, the analysis determined that many TB cases were in urban and sub-urban regions. The
study also found that the impact of COVID-19 on TB detection was severe during the lockdown,
showing 45% and 40% decreases in TB investigations and confirmed cases, respectively. These
indicators recovered when lockdown measures were lifted. However, the peaks of SARS-CoV-2
variant-driven infection resulted in overall decreases in confirmed cases of TB. The assessment
of the quality of TB diagnostic services revealed that many IPC aspects and continuous TB
training were lacking at facilities, in addition to long turnaround times for GeneXpert results.
Patients perceived long wait times, staff attitudes, and drug stockouts as barriers to quality
services. Lastly, stakeholders identified key barriers to diagnostic services during the pandemic
and developed an approach to overcome them. They suggested integrating TB/COVID-19
activities, continuous training among staff, strengthening IPC, decentralizing TB testing, using
Point-of-Care tests (POC) and raising public awareness through social media platforms to

enhance diagnostic services.
Conclusion

The present study has successfully developed a novel approach for enhancing tuberculosis (TB)
diagnostic services at Primary Health Clinics (PHCs) in high-burden regions using the
eThekwini district as a study setting. The approach involved devising a consolidated framework
for providing high-quality diagnostic services, which is informed by the evidence generated in
the thesis. The framework provides guidance on improving structural factors such as
accessibility, infection prevention and control (IPC), and care processes, including continuous
training and service integration. This comprehensive approach has the potential to improve
service delivery and boost public confidence in the health system, ultimately leading to better

health outcomes.
Keywords

Tuberculosis; Diagnostics; Health services; COVID-19; Primary Healthcare; Health equity;
SARS-CoV-2; Quality of care
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Definition of Key Terms

Primary healthcare: As per the World Health Organization (WHO), primary healthcare is defined
as the foremost point of contact that individuals, families, and communities have with the national
healthcare system.’TB diagnostic services: The procedures for monitoring and confirming TB
within individuals at a healthcare facility encompassing, screening, sputum, skin, and drug
resistance testing.

Key stakeholders: For the purposes of this study, key stakeholders shall be defined as individuals
who possess a comprehensive understanding of primary healthcare TB diagnostic services. This

shall include TB nurses, TB researchers, and TB patients/survivors.

Pandemic: The Dictionary of Epidemiology defines a pandemic as, “an epidemic occurring
worldwide, or over a very wide area, crossing international boundaries and usually affecting many
people”.? For this study, the terms “COVID-19 pandemic” and “pandemic” will be used

interchangeably.
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NGT: Nominal Group Technique

PCC: Population, Concept and Context
PHCs: Primary Healthcare Clinics
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Chapter 1 Introduction

Chapter 1 introduces the thesis; it provides a comprehensive rationale for the current study
including the aims and objectives.

1. Thesis introduction

Tuberculosis (TB) is an infectious disease caused by the bacteria Mycobacterium tuberculosis
although it is primarily a lung disease transmitted through the respiratory system, it can also infect
all tissues in the body.® The disease has existed for centuries and has arguably been one of the
biggest killers of humans throughout history and to date.* This is despite the availability of
effective preventative and curative treatments and joint efforts by national and global agencies to

combat the disease.®

In recent years, the global TB burden has remained relatively stable with approximately 10 million
people falling sick annually and 1.2 million succumbing to the illness.® Moreover, an estimated
30% of those who fall sick are either not reported to health authorities or do not receive a formal
diagnosis. These are the people who are at the heart of TB transmission.® The majority of the global

burden is from countries in South East Asia, The West Pacific, and Africa.

To fight against the TB epidemic, global agencies convened to develop strategies to eliminate the
disease. Most notably, the World Health Organization (WHO) adopted the end TB strategy in 2014
which aims to remove TB as a public health threat by 2035.” To do this, smaller milestones to
reduce TB incidence and TB mortality were set for the years 2020 and 2030. In 2018, the United
Nations High-Level Meeting (UNHLM) scaled up targets by aiming to diagnose and treat an
additional 40 million people.® Despite progress, the UNHLM targets fell short with only 36 million
people diagnosed.® Unfortunately, the advent of the coronavirus disease (COVID-19) pandemic
abruptly impacted the gains achieved.®

The arrival of COVID-19 displaced TB as the leading cause of death by an infectious agent.® The
virus rapidly spread throughout many countries with high TB burdens.> Given that both diseases
are respiratory, many of these countries used their TB programmes to contain COVID-19 spread.®
10 This entailed diverting staff, facilities, and diagnostic resources toward COVID-19 response.*
Additionally, the introduction of lockdown measures hindered access to health facilities; this,
coupled with the fear and stigma associated with attending health facilities, resulted in massive
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reductions in TB detection.*®* After two years of sustained increases in TB case notifications,
this number fell by 18% from 7.1 million to 5.8 million between 2019 and 2020.° Consequently,
TB mortality rates immediately rose, followed by a 4.5% increase in TB incidence in 2021.% To
prevent similar impacts in the future, strengthening TB services in high-burden regions is crucial.

2. Thesis background
South Africa has one of the highest global TB burdens, with 3.3% of global cases.® The epidemic
is driven by the high number of people living with HIV.1® Approximately 20% of the population
is HIV infected of which 56% are TB/HIV coinfections.® Efforts from the national TB
programme, such as introducing directly observed treatment short-course (DOTS) and GeneXpert
for rapid TB detection, have assisted with managing the disease in the past two decades.!’ This has
reflected in the TB mortality rate which has reduced from 224 per 100 000 population to 110 per
100 000 population between 2010 and 2018.1 When the COVID-19 pandemic arrived, the country

was already fighting and making strides toward managing TB.

By the time the first case of SARS-CoV-2 (the COVID-19 causal agent) was reported in March
2020, the well-developed infrastructure for TB and HIV was ready for a rapid response to the
pandemic.'! 14 GeneXpert machines were used for COVID-19 testing and community healthcare
workers, trained for HIV and TB epidemics, were deployed for COVID-19 screening and testing
referrals in susceptible communities.’* ¥ Additionally, the rise in SARS-CoV-2 infections
prompted the government to implement a nationwide lockdown to curb transmission and prepare

health systems for the inevitable influx of cases.*

The national lockdown, with varying degrees of restrictions, was implemented on the 27" of March
2020. This placed a series of limitations on people’s movement between 2020 and 2022, with
consequences for health services. TB testing was drastically reduced at the introduction of the
lockdown and with each coinciding wave of COVID-19.8 In May 2020, GeneXpert tests had
declined by 48% compared to the previous year.® Although the move to less restrictive lockdown
measures improved testing levels, there was still an overall decrease of 22% in nationwide testing
and 15% in confirmed diagnoses by the end of 2020. Moreover, patient attendance at primary
healthcare facilities had dropped by 18%.® These reductions should have manifested themselves
in increased TB incidence; however, in 2021, TB incidence in South Africa had not deviated from
pre-pandemic levels. It is possible that underreporting at the height of the pandemic may played a

role in the incidence rate.
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It's important to note that nationwide TB reports do not consider the diverse impacts of COVID-
19 within regions of a country. In South Africa, the different provinces experienced different levels
of the virus during its various waves.* A previous study indicated that primary healthcare services,
including those for TB, were affected differently as a result of the pandemic.?’ Therefore, as the
country establishes recovery plans to get TB progress back on track, the pandemic’s impact in high
TB burden settings should be considered. As such, the thesis aimed to develop an approach to

enhance TB diagnostic services during pandemics in high TB burden settings.

3. Problem statement

One of the pillars of the WHO’s end TB strategy is early diagnosis and treatment initiation.” This
has been undermined by the COVID-19 pandemic, which greatly reduced access to healthcare
services at its inception. This resulted from non-pharmaceutical measures such as lockdowns and
reallocating health resources to manage the rising COVID-19 cases.® Additionally, fear and stigma
were prevalent among both patients and healthcare providers around seeking help for and treating
respiratory illnesses, respectively.! 2122 Together, these resulted in a reduction in TB detection
(Figure 1). Several modeling studies predicted that reduced access to TB services during COVID-
19 would increase incidence levels as a result of undetected TB cases.?**?® Since then, the WHO
has substantiated these models showing a 3.6% increase in TB incidence in 2021.%°

South Africa has one of the highest global burdens of TB and also experienced the highest
incidence of COVID-19.% Although, 2021, TB case notifications showed limited departure from
pre-pandemic numbers,’® TB detection can vary depending on the setting and thus warrants further
investigation.?® Therefore, the study aimed to propose a method to improve TB diagnostic services

at PHCs during the pandemic using a high disease burden setting.
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Figure 1 Problem analysis diagram depicting causes and effects of reduced access to healthcare due to
COVID-19
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4. Significance of the study

During the COVID-19 pandemic, it became evident that there were weaknesses in TB diagnostic
services. This is unfortunate given the importance of prompt diagnosis in managing TB. This thesis
proposes a method to improve these services based on lessons learned from the pandemic. By
addressing these weaknesses, targeted policies can be generated to enhance TB services for regions
with high TB burden and update existing pandemic preparedness models. Overall, this thesis
provides valuable evidence to strengthen primary healthcare systems and improve TB diagnostic

services.

5. Aim and Obijectives

5.1 Aim
This study aimed to provide evidence to inform the development of a novel approach for enhancing

TB diagnostic services during a pandemic at primary healthcare clinics for a high disease-burdened

settings, using the eThekwini district as a study setting.

5.2 Objectives

1. To map the geographic accessibility of TB diagnostics services using geospatial analysis

2. To determine the impact of the COVID-19 pandemic on TB diagnostic services

3. To investigate the challenges and enablers of TB diagnostics services during the COVID-
19 pandemic

4. To collaborate with local stakeholders in designing an approach for enhancing the current

TB diagnostics services

17



Chapter 2 Literature Review

Chapter 2 presents the literature review that guided the development of the study objectives. It was
conducted as a scoping review which allows the systematic mapping of evidence available on a
given topic. This review synthesized the evidence on TB services during the COVID-19 pandemic.
The literature search was conducted in June of 2021.

The findings of the scoping review were published by MDPI’s Diagnostics journal under the title:
“Evidence of TB Services at Primary Healthcare Level during COVID-19: A Scoping Review ”
Link: Diagnostics | Free Full-Text | Evidence of TB Services at Primary Healthcare Level during
COVID-19: A Scoping Review (mdpi.com)
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Abstrack Tuberculosis (TH) is still a major public health concem, despibe the availability of preventa-
tive and curative themapies. Significant progress has been made in the past decade towards its control
However, the emergence of the novel cononavins disease 20019 (COVID-19) has disrupled numenns
esgential health services, inchading those for TB. This scoping eview maps the available evidence on
TB services at the primary healthcare (PHC) level during the COVID-19 period. A oomprehe nsive
liternture search was conducked in PubMed, Web of Scence, Me dline OVID, Me dline EBSCO, and
Scopas. A total of 820 artickes were eirieved from the databases and 71 met the eligibility oriferia and
wee used for data extraction. The emenging themes wens the efiect of the OOVID-19 pandemic on TH
services, patient and provider experiences, recommendations for TB services during the COVID-19
pericd, and the implementation of the mcommendations. The review found that the mitigation
_an‘hegi.a,aemll ﬂ::ﬁea.ram:l.ﬂ:is;lnabzperi!n:ﬁrl at the start of the COWVID-19 pm:l&mx may have
led b0 TH cases potentially going undetected, which may theeaten TB treatment outoomes. Themfone,
efforts must be directed at finding these missing cofes and ensuring that PHC facilities ane equipped
bir ade quately dizgnose and treat them

qun'flth: COVID-1%; coronavims; tubernculosis; health services; Fu:i.m.u.r}rliaﬂ:h:.um

1. Introduction

Despite the av ailability of vaccinations and chemotherapy for prevention and meat-
meent [1], 10 million new cases of tuberculosis (TB) were estimated to have oocourred in
2019 [2]. However, only 7.1 million of these cases were found and reported to national
TB programmes, kaving a third undetected [3]. In addition, considerably more wene not
started on an appropriate treatment [1]. These missed cases contribute to the ongoing
transmission [4], while prolonged diagnosis and treatment initiation exacerbate disease
severity and continued spread [5]. Interrupting transmission through early and aceurate
detection, rapid teatment initiation, and completion, preferably at the primary healtheare
lewel (FHC), aids efforts in ending the TB epidemic [3,6]. In 2020, COVID-19 emerged,
hindering global TB control efforts [7], and sidelining many routine TB services to accom-
modate the response to the COVID-19 pandemic [5,9]. TB services suffered a sharp decline
due to lockdowns, Therefore, limiting access to healtheare and a rise in fear and stigma
since the adwvent of COVID-19 [5,10,11].
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Studies that predict the potential impact of the COVID-19 pandemic on TB services
suggest that emporary disruptions in response to the pandemic will likely affect all aspects
of the TB care cascade [12-14]. Even small disruptions to these setvices could have long-
term consequences on TH control [12] These will especially be felt in high burden countries
wheme TB incidence and mortality have been predicted to increase by 6.3 and 1.4 million,
respectively, between 2020 and 2025 [12]. Delays in timely diagnosis and treatment ane
listed as the potential drivers for these grim outcomes [12,14].

The World Health Organization's (WHO) End TB strategy and the sustainable devel-
opment goal (SDG) 3.3 aim to end TB through timely diagnosis and reatment, treatmemt
adherence, and preventative therapy [15,16]. The WHO aims to eliminate the TB epidemic
by 2035 and has also set short-term milestones to reduce TB deaths and incidence rates
by 2020 and 2025 [3,15]. Findings from the TB global health eport showed that 2020
milestones were not achieved [3,17]. Similarly, interim targets weme set by the United
Nations (UN) to diagrnose and treat 40 million additional people by 2022 [7]. Although
progress towards these goals has been made, it is still below the threshold that would make
TB elimination attainable [3,15]. Momeover, it is possible that the small gains made towards
controlling TE were distupted by the COVID-19 pandemic, pushing the global TE targets
further into the future [7,19).

As the first point of contact with health services, PHC facilities can reach large propor-
tions of the population. These facilities also promote equitable access to health services
and continuity of care and are recognized as a powerful tool for achieving the health
5DGs [16,20]. Moreover, the WHO has emphasized that progress towards containing the
TB epidemic can accelerate when TB control has been integrated with PHC [21]. Fur-
thermore, high-quality PHC services ame an important predictor for whether TB control
strategries will realize their promise [22

Despite the emergence of other public health priorities, such as the OOV ID-19 pan-
dernic, uninterrupted TB services at the PHC level ame crucial for reaching TB targets. Given
the novelty of the COVID-19 pandemic, its effects on TB services at the PHC level remain
unclear and require further exploration. Therefore, this scoping review mapped evidence
on TH services at the PHC level during the COVID-19 pandemic. This evidence will be
used to develop the primary research in order to address and improve TB services at the
PHC level during the COVID-19 pandemic.

L Materials and Methods
21. Crwermiewr

HeTtein, we conducted a scoping review to map the available evidence on TB services
during the COVID-19 era. This scoping review is conducted as part of a larger study
that aims to develop a novel approach for improving TB diagnostic services during the
pandernic in primary healtheare clinics in high disease burdened settings. A scoping review
protocol was registered on the open scence framework (OSF) under the title, “Evidence
of TB services at primary healtheare level during COVID-19: A scoping review protocol”,
where it can be accessed via this link: hittps:/ / osio/ pg3ba, 15 October 2021, The scoping
review was guided by the Arksey and O'Malley framework [Z3], Levac et al. [24], and
the Joanna Briggs Institute 2020 guidelines [25]. The findings of the study were reported
according to the Preferred Reporting Iems for systematic eviews and meta-analyses
extension for scoping reviews (PRISMA-5¢R) checklist, Table Al [26].

Step 1: Identifying the mesearch question

The main mesearch question was: Whatevidence exists on TB services at the PHC level
durirg the COVID-19 pandemic?

We assessed the eligibility of the research question for a scoping review study by
applying the population, concept, and conbext (PCC) framework, developed by the Joanna
Briggs Institute [25], see Table 1.

20



Dagmoshice 70, 11, 2221

Aof18

Tabie 1. POC framework to determine the eligibility of the mesearch question and guide the selection
of shudies om TB services during the COVID-19 pandemic

Dl terminants Description
Primary healthcars providers—healthcane practitionens providing TB servioes,
Population which are the first point of contect betbween people in a community and the

healthcare system.
C pt TB services—the processes invobs ed in finding, diagnosing, treating, and
preventing T, which leads to cases being notified to national health sy stems.
Combenct COVIDH-19 era—the time since COVID-19 emenged, from January 2020 o date.

Step 2: Identifying relevant studies

We conducted an advanced search using the following five academic databases:
PubMed, Web of Sdence, Medline OVID, Medline EBSCO, and Scopus. Studies wene
identified using the following keywords and Medical Subject Heading (MeSH) erms:
“TB diagnostics”, “Health Service”™ "TB testing” “COVID-197, “SARS-CoW-27, "COVID-
19 Pandemic”, "COVID-19 era”, and “Primary healthcare”. A combination of Medical
Subject Headings (MeSH) and free word texts of the keywords were used when conducting
the searches. WHO and Stop TB parmership websites were accessed for reports and the
reference lists of all the included studies were consulted for additional literature. The
comprehensive database search was conducted by an experienced librarian to ensume that
the best search strategies weme used for each database.

Publications that adhere to the following criteria weme included:
* Studies reporting on TB services during COWVID-19,
= Studies reporting on TB services at PHC;
s All of the publications reporting evidence on TB services during COVILD-19 at PHC,

regardless of study design;
&  Studies from all countries around the world.
This review excluded studies based on the following:
Studies reporting on TB services outside the PHC level;
Studies reporting evidence on TB services and viral diseases other than COVID-19;
Studie s reporting evidence on health services other than TB during COVID-19;
Publications from befome 2020,
Step 3: Selecting studies
The studies were selected in three phases. First, the principal investigator screened the
titles of each article using theeligibility criteria as a guide. Eligible articles were exported to
an EndMNote20 library where duplicates were identified and mmoved. In the sscond phase,
two independent reviswers screenad the abstracts of the included articles using a screening
tool based on inchesion and exclusion criteria The screening tool was piloted and adjusted
using 10 articles bafore the semeening process was conducted. The mviewers discussed any
discrepamnicies that arose until they reached a consensus on the articles to select. In the: third
phase, the two review ers screened the full texts of the relevant articles using a screening
tool guided by the eligibility criteria Before use, the screening tool was piloted by both
sereeneTs, and changes were made accordingly. Discrepancies during full-text screening
wemr esolved by a third reviewer The level of agreement between the two eviewers was
calculated using the Kappa stabistc

Step 4: Charting the data

An electronic data charting form containing variables relevant to the research question
was developed. Two independent review ers then piloied the daka ectraction tool using 10
of the included studies. The necessary changes were applied according to the fsedback
given by the revi Diata were extracted from the incuded studies based on the
following categories: Author, aim, type of publication, country, type of TB service, and
primary healthcare provider.
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22 Quakity Appraisal

We determined the methodological quality of the included studies using the Mixed
Methods Appraisal Tool (MMAT) V2018 software [I7]. The particular study design usad
in each article was appraised, following stipulations by the MMAT guidelines. Once the
scores for each study were calculated as a percentage, they were given a specific rank.
Studies equal to or below 5% were ranked as low quality, those between 51-7 5% wene
deemed average quality, and those ranging from 76-100°% were given a high-quality scome.

23 Collating, Summarizing, and Feporting Fesults

We employed the thematic analysis toexiract relavant evidence to answer our research
questions and presented a narrative summary that entered on the emeTging themes. The
themes that atose most from the included studies were as follows: The consequences of the
COVID-19 pandemic on TB services, comparison of TH services before and after the COWID-
19 pandemic, patient experiences of TB services during COVID-19, and recommendations
for TB services at PHCs during COVID-19.

3. Results
3A1. Screening Resulfs

The selection and exclusion of studies are depicted in the PRISMA-5cR flow chart
(Figure 1). Initially, we retrieved 819 articles, 702 from database searches and 117 from
Google. Following title screening, we excuded 594 ineligible articles. The 225 remaining
articles were imnporied to Endnote 20. The results retrieved from each database ame lised in
Table 2 After emoving 120 duplicates, 105 articles were eligible for abstract screening. A
total of 54 articles were excduded after abstract screening and 51 were eligible for full-text
screening. We excluded 30 artides after full-text screening. All of the articles reported
findings from the pandemic and articles wene excluded if they reported TB services outside
of FHC (17), did not mention heal theare setting (9), and combined data on TB services from
both PHC and higher healthcare settings (3). In total, 21 articles met the eligibility criteria
and were used for data extraction. The responsas of the reviewers had a 54.64% agmeement
VErsus a 73.77 % expected agmement by chance, which equates to a moderate agreement
(Kappa statistic = 0.4218, p-value < (L05). The discrepancies from the full-text screening
weme msolved by a third screener.

3.2 Charadteristics of the Included Shudies

The characteristics of the included articles are detailed in Table 2 The studies presented
evidence on TB services at the PHC level during the COVID-19 era. The findings wemn
conveyed in a varety of formats incduding letters, editorials, expert opirdon, reports, webinars,
feature articles, news arficles, and traditional research articles. In erms of countries, the
included articles wene from Portugal [28], Ethiopia [29], Japan [20], China [9], Malawi [21],
the United States of Ametica [32], Pakistan [33,34], Nigeria [35-37], India [35-40], South
Africa [41-42], one provided recomnmendations for high burdened sattings [44], one pressnied
evidence from LMIC [45], and one study was addressed to all the countries [46]. The pri-
mary healtheare settings ranged from dinics, outpatient departments, general practiioner’s
practices, PHC centers, and pharmacies.
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Figure 1. Prismia-flow diagram depicting the process of selecting and excluding studies.
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Table 2 Besults of the databasa search.

Diate

MNuomber of

¥ Fesults Retrieved

7 Jure M1

{{“Health Services" [Mash] OR “primary health care” [MeSH
“Terms] OR “Frimary health care” [Tt Word] OR “health can”
[Tt Wardl] O “health service®” [Texct Word] OR “Primary

PubMed healthcane™ [Tact Word[) AND (“sars-cov-2" [MeSH Terms] OR 191

“oowid-19" [Me5H Terms] OR covid [Text Word | OR commay ims
OR " coroma virns”}) AND " tubercubesis™ [MeSH Terms] OR
tuberculosis [ Text Word])

7 Jure M1

({“primary health care”™ [MeSH Brms] OR *Primary health cane”
[Tt Wiord ] OF “ Primary healthcane™ [Test Werd [) AND

PubMed {* sars-cov 2" [MeSH Terms] OR “covid-19" [MeSH Terms] OR 13

cowrid [Text Word] OR coronavirus OR “corona vins ™)) AND
(" tuberculosis” [MeSH Terms] OF tuberculosis [Texd Word])

11 June Hz21

(TITLE-ABS-KEY (fuberculosia OF th) AND TITLE-ABS-KEY
{sars~cow-2 OR covid-19 OR covid OR coromavirus OR” coroma

Web of Science AND virns") AND TITLE-ABS-KEY ("primary health cam™ OR 5

“Fl.'in'l.ﬂr",l’ AND healthcane” OR "Pri.mar:,r AND cans”
OFR” Health Servioes™))

7 Jure 20121

{((MH "COVID-15")) OR. “covic-19" OR (MH “SARS-CoVez™))
OR “sars-cov-2") AND {{(MH * Tuberculosis+" ) OR

Medline CWID “tuberculosis”) AND (((MH “Primary Health Cam")) OR 2

(" primary health care™ ) OR (i(MH “Health Services+")) OR
("health services™) OR ("primary health”))

7 June 2121

{((MH “COVID-19")) OR “covic-19" OR ((MEH “SARS-Colez™))
DR “sars-cov-2") AND ({(MH * Tuberculosis+”}) OR

Medline ERSCO “tuberculosis”) AND ({(MH “Frimary Health Cam")) OF 189

(" primary health care™ ) OR {(iMH “Health Services+")) OR
(" health services”) OR (“primary health”))

7 Jure 2121

(TTTLE-ABS-KEY (fuberculosis OR th) AND TITLE-A BS-EEY
(sars-cov-2 OR covid-19 OR covid OR coromavirus OR ¥ corona

AND vims") AND TITLE-ABS-EEY ("primary health cam™ OR a1
primany

* primary AND healthcare” OR “primary AND care” OR
“Health Services”))

A3 Quakity Appraisal

Omnly four articles weme primary studies presenting empirical evidence and wene
subject to a methodological quality assesement using the 2018 version of the MMAT
tool [27]. The scomes ranged from #0-75%. Two studies scored 80% [9,22] and another
scored 40°% [47] and 70% [15]. Results that scored lower than 51% were considered low
quality, 51-75% wene of average quality, and high quality if they fell between 76-100%.

34 Swrmuary of the Evidence

The themes that emerged from the included studies were, consequences of COVID-19
pandemic on TB services, patient and provider experiences, recommendations and adapta-
tions for TB services during the COVID-19era, and implementing the recommendations
for TB services, mspectively.
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Table 3. Characteristics of the inchided studies.

Author and Dabe Aim of Study Publication Type Country Primary Healthcas Provider Type ‘;me’“”
Fatimaetal 2071 [34] To demanstrat mdﬂccmnm Fesarch articke Pakissan . Mmimwfm Gereral T8 v ices andt
A guiar 2021 [2¢] T show the changes made 2t 2 11 cutpatient Letser Postugal Cuutpatient center TB case finding and tmatment
Boyere etal 2021 [25] To assass the Impact of G I 1 & ool Fescarch articke Ethicpia Public health clinics TE scmening and testing
cmuu;ﬁ-m.]ﬁ“m To give an cverviow of the dfects of COVID 19 S T T8 testing
Feietal 200 [4] Tievshiows hewr CLWID 19 has affected TH conrol Fesarch articke China Primary :;lr;m Gerreral TB services
Adewole H00 [35] How COVIDHS h"w”gﬂ"“ cam Letier Nigeria TH clinic Tt ca natifcation
Burrymaky et al. 2000 [17] mm:;;:f:hﬁ e ey Letter United States of America TH clinics TH datectian, isting.
w=Tvices In MNew York
Cmcetal 2001 [44] mwmmmdm Letier Conniries with 2 hagh T8 Clinics TH tmeatment
Kieeme ot al. 2020 [42] mm%ﬁmﬂmﬁ‘h Expert Opinim Scuth Africa Clinics T
Rai and Eusnar 020 [35] HmTEpaﬁmhw?:deb@ the leckdown: Later _— mﬁmm B o atment
Fﬂm’
e 1 cinond Sy CONID1S Report Al courtris P altvcare vt T tmatment
Stop T8 partrarship X0 [T] T spbeheldors s fomrd b A i Chiies Gereral T8 services
Sako etal 2 [31] Toestimate the pact of COVID-14 on TH case Fewarch Artick Malawi Primary healsheam centers TH case notifications
Meraguimet al. 2020 [40] o T e i i srvica for Lotier India Outpatient haspital Ww
Pilare ot al 2020 [41] Reporting diseuption f T and HIV services Mews Artick Scuth Africa PHC facilitics Creral TB services
Datta et al. 2000 [40] mmmﬁlmﬂamm Heport India Mokl diagnestic serviczs Acﬁ”qmwm
Mﬁm&rﬁﬁ[-‘ﬁl To discues how T8 and FHC services have been, Webinar Nigeria FHC mnters (Gereral TH servicss

by COWID-19 and solutions
propose
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Table 3 Cont.
Amthior and Date Aim of Study Publication Trpe Country Primary Healthcam Provider TTP'“;E:W"’
Adkepoju 2020 [37] T demanatrate how DOVID 19 has affected Featume Nigeria PHC centers and clinics T8 scmening and tmatment
Tio de tail how TH services we s maintained in - . -
Jammad et al 200 [53] e privae during COV D% Lether Pakistan GPs TH treatenent and diagriostics
To give nsight into how TH came can be
Omngole ot al 2020 [43] comdwded during COVID-19 through Latier South Africa FHC mribers Gereral TH services at FHC
st ngthened PHC
Senoo etal M0 [20] Ta mpart on the shortages af the BOG vaccdine Latter Japan CHinics TH vaccinations
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3.4 1. Consequences of the COVID-19 Pandemic on TB Services

O the 21 induded studies, 10 reported on the consequences of the COVID-19 pan-
demic at various PHC facilities. TB clinics in Mew York, USA temporarily halted the
performance of any new TB tests [32]. A study from a LMIC meported that fewer TB cases
were diagnosed due to the difficulty in accessing primary came [45], while a elinic in Nigeria
reported that one person came to collect the TE medication during the lockdown [37]. South
Africa experienced a 25% drop in acoess to primary healtheare following the lockdown, as
well as a %% drop in TB esting [41]. Another study in China reported that 75.3% of primary
healthcare workers wemne eallocaied from routine services to COVID-19 related work [9]. In
a similar manner, cinics from Ethiopia weme epurposed as COVID-19 centers [29] or in the
came of TB clinics in Mew York, USA, closed altogether [32]. In Japan, the media reported a
shortage of the BOG vaccine in order to claim that itwas effective against COVID-19 [30].

A project that brought TB healthcare to the doorstep of a community was abruptly
halted after the nationwide lockdown in India [29]. This project was aimed at rendering a
neighborhood block TB-free and achieved it by actively finding TB cases and providing
point-of-care mobile diagnostic services. The effects were seen by the abrupt drop in TB
notifications during the 3 months of the national lockdown. In addition, direct comparisons
with the same period from previous years showed a stark contrast. Another study in
Migeria that sought to directly comvpare TB case notifications and detection rates in the first
few months of 2020 compared with the same period from 2019 show ed similar results [35].
Another study from Ethiopia showed that patient flow had significantly deceased in
the first months of the COVID-19 lockdowns compared with the same period from the
previous year [29]. Moreover, TB case notifications at primary healtheare centers in Malawi
were shown o be disproportionately lower than at a regional hospital in Malawi [21]. The
current evidence shows that the COVID-19 pandemnic has created a scenario where fewer
TB cases were detected than usual. Howewver, more evidence is required o determine the
extent of the potentially missed cases.

3.4.2 Patient and Prowvider Experiences

Four of the included studies recorded the perspectives of healthcare workers and
patients All of the participants struggled to access healtheare facilities. Rumors on
the closure of m@rtain facilities meant that patients were not seeking care for a period
of time in Malawi [31] In India, 17.3% of patients defaulted on their TB treatrnent and
others consulted genertal practitioners and private pharmacies for treatment due to the
difficulty in accessing healthcare facilities [15]. A survey by the Stop TB parmership
found that in seweral countries, fear of contracting COVID-19 kept patients away from
visiting clinics [47]. Likewise, in Malawi, fear and ignorance of COVID-19 meant that
many healthcare personnel refused to see or treat anyone displaying symptoms ressmbling
COVID-19 [31]. Moreover, staff were increasingly reluctant to handle any sputum samples
or observe sputum collection. Furthermore, this was the case in Migeria [32,33]. A lack
of personal protective equipment (PPE) discouraged staff from attending to patients in
many countries [11,47]. A survey by the Stop TB partmership found that staff at TB
dinics observed a need for patients to be given nuiritional support, as well as have their
transportation costs covered for visiting healthcare facilities [47]

3.4.3. Recomnmendations and Adaptations of TB Servies

Five studies from multiple authors including the WHO have detailed recommenda-
tions on how TH services can be improved during a pandemic in high burden settings.
All of the studies agreed that the use of telemedicine can be leveraged for TB care. Med-
ical triage and counselling should be conducted by telephone. Wheme possible, sputum
collection should be conducted in a well-ventilated area at home and staff must be ade-
quately protected when collecting the samples from patients [4£]. The switch to oral and
shorter treatment regimens [42], as well as the video-supported teatment would reduce
the number of patients visiting health facilities [46]. Integrating TB and COVI-19 care,
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such as testing and active case finding, could berefit the management of both diseases [42].
HIV care rmust also be integrated for countries with a high disease burden [42]. Patients
with drmug-susceptible TB should be provided with encugh TB medication for the intensive
phase and only return to the healtheare facility for an t. In addition, they need to
switch to the continuation phase where sufficient medication is provided [43,45]. Patients
with drug-resistant TB {DF-TB) must be switched to an oral treatment that lasts until the
next scheduled visit, any patients exhibiting concerming iron levels or myelosuppression
must be recalled by elephone [44,25]. Momover, decentralizing the reatment collection has
been encouraged [42,46] Furthermore, theme was an emphasis on strengthening primary
came in order to help in managing the pandemic, by providing PHC workers with best
practice training for COVID-19 [43,45]. This ensures that PHC fadlities are equipped with
enough staff who have aceess to PPE and provision of all dhronic medication should be
available for extended periods to rduce visits to health facilities [43]. Finally, all of the
PHCs offering TB testing muust follow the recommended infection prevention and control
(IPC) measures, from the collection of samples until testing is conducted and the sample is
disposed of in the laboratory [46]. It is not clear how many high burden couniries have
implemented these changes for their TB programs and how suceessful implementation has
been. The following section explomes examples of instances where TH services have been
adapted.

344 Implementing the Recommendations for TB Services

Five of the included studies documented the changes made to the TH services in ne-
sponse to the COVID-19 pandemic. Cutpatient departments in India and Portugal sereened
patients for COVID-19 before they were attended to. Crowd control was also maintained
o ensure that social distance and IPC measures are upheld at all times [28,40]. The same
center in Portugal did contact tracing by telephone and patients were only asked to come
to the clinic if they had a positive screening after the phone call [28]. The oral treatment
is now favored over injectables and treatment is administered in line with scheduled
healthcare visits in India and the USA [32,40]. Those requiring intravenous treatments ane
adminisiered by community nurses at home [40]. In several countries, treatment initiation
is conducted in dindes, but all of the follow-ups are conducted by elephone, incduding
any consultation with doctors, unless presenting with severe symphoms or meatment side
effects [258,3] 34, 40]. TB clinics in Mew York, USA, have also begun giving patients daily
reminders over the phone o ensure that they adhere to the reatments [25]. In cases wheme
patients cannot utilize elehealth due to limitations in technology, then home visits ane
conducted on a case by case basis [22]. In Pakistan, general practitioners (GPs) w ho refermed
patients to TB centers were used to locate patients that could not be contacted during the
pandemic. Momeover, their offices wene used as a location where patients could fetch their
medication [33]. Furthermaore, certain provinces in Pakistan have mandated that private
healthcare providers notify TB cases to national TB programs [34]. Healthcare workers ane
provided with the necessary PPE according to the risk of exposure and they work in shifts
to avoid overcrowding [40]. In Pakistar, healtheare providers have been retrained in [IPC
and the cormect use of PPE whetever necessary [34]. All of these adaptations are new and
will need to be closely monitored throughout the pandemic to assess their sustainability
and effectiveness. Furthermome, more data are needad on other high burden couniries to
see whether they have adapted TB services since the start of the pandermic.

4. Dvscussion

This scoping meview mapped the existing evidence of TB services at the PHC level
in the COVID-19 era. The evidence was from a wide range of documentary sources, and
most came from high TB burden megions of Pakistan, India, Migeria, and South A frica.
The bulk of the literature found was from the start of the pandemic. The findings show
evidence that the COVID-19 pandemic had a negative effect on TB services, how patients
and healthcate providers weme impacted, as well as recommendations for adapting these
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services and instances wheme recommendations had been implemented. Owverall, the
COVID-19 pandemic has negatively impacted TB services, users, and healtheare providers
alike The findings suggest that TB services were distupted. In addition, the fear and
stigma experienced by healthcare providers and patients likely led to a drop in TB case
detection and the notifications seen during the first months of the pandemic More evidence
is needed on the seps taken to identify potentially undiagnosed and missed TB cases and
how provider attitudes and patient experiences have improved, especially in high TB
burden countries. Although the review has highlighted recommendations for enhancing
TB services in high burden settings during the pandemic, only one TB endemic country
had mmplemented these changes. Before COVID-19, countries weme making strides towards
achieving the SDG targets for TB; a record number of people had been treated including
thiosa with DE-TH; the annual number of missed TB cases had fallen below 3 million; and
the TB preventative treatment had been prioritized in high burden settings [7]. However,
this has likely changed since the start of the COVID-19 pandemic

The findings of this scoping review show that the arrival of COWVTD-19 and the mea-
sures used to curb the spread drastically reduced the number of TB cases detected and
notified, in sharp contrast to the numbers from the same period in previous years [29,32,36].
It further demonstrated how TH services were significantly disrupted and sidelined in
response to a new public health emergency [9,32,37,45]. Momover, the COVID-19 pan-
demic deterred health-seeking behaviors, hindered some patients from acquiring the TB
treatment, and increased reluctance among healtheare workers to treat patients [31,37].
These results have created senarios for TB cases to go undiagnosed. Furthermone, the
fear of attending health fadlities and the distuptions leading to their closure have likely
interrupted TB treatment regimens, which could lkead to teatment failure exacerbating
disease ransmission and development of drug msistance. These would be grim cutcomes
for global TB control efforts. The responses, uncovered by the mwview, mirror those expe-
rienced during the Ebola virus outbreak in West A frica, which increased preventable TH
deaths over time [43]. Following the Ebola outbreak, TB, HIV, and malaria deaths exceedad
those directly caused by the Ebola wirus itself [29,50]. Similarly, the outbreak of the Middle
East respiratory syndrome coronavinus (MERS-CoV) in Saudi Arabia harmed TB control
efforts [51]. As a result of the Ebola outbmeak [52], certain West A frican countries have
implemented for epidemic response. However, it is unclear whether these have
had any bearing on TB control during the COVID-19 era. The increase in TB mortality
in the coming years due to the distuptions to health services has been foreshadowed by
several studies [13,14,53]. These will be most evident in high burden ssttings unless swift
action is taken o minimize the impact on health services, while simultanecusly identifying,
diagnosing, and teating any cases that are not from the start of the i

A study summarizing the effect of Ebola on TB services emphasized the importance
of health systems [48]. It further highlights how this kind of approach would not only
assist with the management of infectious cutbreaks, but ensure that disease control for
other conditions is not compromised [28] Two previous studies showed that China's
and Saudi Arabia’s prior coronavines experience facilitated a better COVID-19 response
than many cther countries [54,55]. In contrast, this review did not find evidence of TB
endemic countries adopting the lessons from previous epidemics. However, our find-
ings present current recommendations for conducting TB services during the COVID-19
pandemic [42-44, 45] Although these are helpiul, it would have been mome beneficial if goe-
ermments had adopted insights from past wital cutbreaks. The review also demonstrates how
the recent adaptations to TB services have been adopted invarious countries [28,32-34,40]
However, only two of these were high TB burden coumitries [34,40]. Considering that many of
Temains to be seen. Themefore, high burden countries misst contine to monitor the impact of
COVITD-19 on TH services and address these with evidence-based inlerventons
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4.1. mplication for Reserch

Many of the included studies documented the sitnation at the start of the COVID-
19 pandermnic. Consequently, peographic areas with a lower incidence at the start of the
pandemic wene not a focus of this study. Thus, an assessment of TH services in these regions
is needed for better insight into the global effect of the COVID-19 pandemic. Research
on hiow TH services have fared throughout the pandemic, induding peaks in COVID-19
cases and subsequent vaccination straiegies, are also needed. The same can be said for
provider and health seeker attitudes. This will facilitate the measurensent of the imvpact on
TB and allow appropriate mitigation action. Undiagnosed TB cases and interruption to
treatment wene other issues likely to have been caused by the pandemic. Health systems
must be ready to receive and appropriately treat and retain these cases until treatment
completion. Therefore, assessing the quality of TB services in high burden settings and
providing contex t-specific adaptations based on the findings could benefit TE control
programmes. Moreover, only four empirical studies were found and even these scored
low in terms of methodological quality. Therefore, robust primary studies are required to
inform evidence-based decisions and recommendations for TB services during pandemics.
These studies should focus on strengthening TB case findings, diagnostics, and treatment
services for OOV ID-19 and future pandemics.

4.2 Strengths and Limitations

The scoping review employed a comprehensive database search that was not limdted
by language, publication or study design. In addition, the database search included a grey
literature and repeated search in the database that retrieved the highest number of articles
o maximize the number of studies found. The methodological quality of all the includad
primary studies was assessed and it was found that they ranged from a low to average
quality. For this reason, the scoping meview may not be appropriate to inform clinical
practice, but does demonstrate a need for additional primary stedies to be conducted with
more methodological rigor. Momeover, the review retrieved evidence from the start of the
COVID-19 pandemic. Therefore, certain geographic regions with initially low incidense
rates were not covered. Furthermore, given the evolving nature of the pandemic, it is likely
that latter phases including the emerging variants and vaccination control strategies have
also impacted the TB service delivery.

5. Conclusions

In this review, the TB services at the PHC level were disrupted by the COVID-19
pandemic. The potential for undiagnosed TH cases and treatment failure are among e
biggest concemns caused by the pandemic For the TB elimination goals to be met, PHC
must be stengthened and ready with effective solutions to address the issues caused by
the COWID-19 pandemic and use these for pandemic preparedness in the futume.
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Appendix A

Table AL Preferned reporting items for systematic reviews and mets-anabyses ex bensions for sooping reviews (PRISMA-5cR) checklist.

Section and Topic liem Mo Checklint Hem Eeported on Page
ADMINISTRATIVE INFORMATION

Identification 1 Evidence of TH services at the primary healthcam kvl during OOWVID-IS A scoping mviaw. 1
Fegistration 2 Opan Science Framework: hetps/ /osfio/podba (sooessed on 16 Seplember 2001)
INTRODUCTION

hhwmdvmmﬂmwhwmﬁw[!Llﬂmllhnnrmmufhhwuhﬂ':ﬂﬁmrmﬂadhmg

[2)- A thind of these cases wese missed by haalth systers [3], and consideralhly miome wene not started on an b treartrert [1] These wissed cases
contribute to the angoing transmission [1] whik dizgniosis and teateent mmmmamzmnqudm 15

transmisson carly and accurate detection, rapid beatient mitiabion, and completion, preferably at the primary bealtheare level (FHC)L

aids e mending the TH [24} In 2000, OO IDH19 ewerged, hindering global TE contral eforts [7] mary routine TH servies were sidelired in
Esponse to the fD-'IEIpﬂn:Inmi:lh'i].Mmmnlﬁmdnﬂmphduﬂdmhh:bdﬂwmlwuhlﬁmhhﬁﬂhmuﬂammﬁuuﬂ

since the advent of OCAID-19 [£10,11]

Shadics that e tal af OOV ID-19 an TH services st that oAy mespanae bo OOWID19 will likely afiect all

-nI'H.u mp-uﬂ?] !mmﬂdm@mhﬂmﬂnnﬁmmmhgw“mmmmmm[hLI'I.'n:num]lﬂ?ﬂ:m]]}-

e Bt by b hmdmmmﬁmﬂrnﬂmmmﬂmqmmmmmwﬂﬂ“mﬂmww
12]. Dl :i.n]uhm.ll' sk I:ln'iﬂ}' dll@um i mﬁtnamuﬂnmlisbdulnpnhﬂmlmnfmﬂ'm nnl:nmﬂ !;,!4
e atient, tee abment adhe s, and mmm&unpy[1;1ELT}EWHDMMMEMTBWHMIﬂMMHMM

wilestores to redue TH deaths and i raies by B0 and SO0 [3,15) from the TH mpart showed that 2020 mikestorss wete not
achieved [1] Smilarly, ivierim targets were set by the United Nations (UIN) to di a.rdl:ml-l]mllllma.l:’n‘l.l.m:lul ber by 2022 [7] Although
progress towards these goals has ban made, it is be low the theshald that would make TH eliranation attainable [5,15] 1t is also that the sraall
ﬁumwmmmmmmmwhmmﬂpm Lulungﬂuglnbalmhuszhfmﬂnm futuee [7,159]
As the pmﬂﬂmmuwﬁhalﬁm?ﬂtmmlﬁ acmss to health services and
continuity of cam and is femby mcognired 25 a powerfol way thnalltEDElmb&ld‘mnd[!é,ﬁJl_IlﬁW’[—[Cl allum]:hamd.ﬂmt?m@tu
tow ards cantaining the TEepidemic can aoelkerate when TH cantrol has been integrated with PHC [21] Farthersare, high-quality PHC services am an
for whether TH contral strategies will salire thetr proenise [22]
it the af other public kealth pr such: as the OOWVID-19 pamcde e, TE servies at PHC ame crucial for TE s b b
Gnm'nTn:d@ufﬂzcmm-ﬂ anmnﬁchmmuwmfalﬁnmm::mwmmﬂxmﬂnqm ﬁnﬁmn‘elmi‘hmt
this review ained to systematically map avi Tﬂuwnsnhﬁ[ch'ddmr% COVIDHS pardemnic. The evidenoe obtained from the study
will be wsed to develop primary mssarch that is aimed at addmessing and uwn:ltﬂuﬁ-[chmldtmnﬁﬁumm-igpmﬂ:mu:h
acrekeraie global lnend'.['&

Ohertives i This review aimed to systematically map evidenee on TH services at the FHC level during the COWIDH19 pandemac. 4
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Table A1 Cont

Section and Topic Diem Mo Chaecklist Hem Eeported on Page
METHODS

Pubbications that adbere to the following oiteria wene nduded:
- Smmmmmdmmit
- Studies reporting an TH services at FHC
Al of the publications reporting evideroe on TB services during COVID-1% at PHC, regandless of study design

Higibility criteri 5 - Studses fromm all of the countries around the world, . o [
Exclusion crikeria
This meview excluded studies based on the following:

Shdiﬂrq)mﬁlgmmmnuﬁdnﬂuﬂ-lﬂhﬂ;
Snﬂiﬂrq)mﬁlﬁm&dmmmmﬂwimuﬂvhldhemnﬁm tharn COVID-14;
SWWMMMhﬂwmmmmdm‘mﬁmmik
Publicatiors from befome H000

P & Wnnwdu.chd.a.nadvumndmldim‘lglnmmﬁemﬁmwmﬂmm&HWMWEmmm 5
Seudies were identified nsing the fol ingg keywonds and medical subject heading (MeSH) erms ~ TH diagnestics™, “Health Service™ “TH estt
Search 7 'EQ’I'DW','SQRS-EA:\LI',EEE\'IEHH 3™, O ICHY era” and “Primary healthcam™. A combination of e dical subgect headings and o
Straie gy fres word ks of the kaywords were used when conducting the searcdhes. WHID and TEp.'lr.:mh.lq wiebsites were acressed for reparts and the
mference hsts of all the inchsded studics were far addiSional Bteratare.
Study records
Dt manageenit Ha Diescribe the mechandsmis) that will be used to mecards and data Shroughout the mview.
'Ihlhd.iﬁ:'mnﬂh:mdiiﬂtmplmﬁmtﬁn i 'alin'ﬂﬁsnhrmn ﬂ'nﬁﬂunfnadlnlﬁﬂe@\gﬂudiﬂilitynihﬂrjﬂuagujdﬂ. Il
m'tic'h-.lwm'n-n‘r_l:-umd to am EndMoke X library wheme wem idenfified ard emoved. Inﬁnunneﬂ'ehm,muh‘@pﬂ'dmtmm tha
mdhﬂﬂmmammmm&mnﬁhwﬁhMﬁmﬂmmmmﬁhﬂwupwmﬁ
Selection process i adjasied using 10 artices befone the soeening promess was conducted. reviewers discussed any discrepancies that armse until they mached a consersus [
an the articles to select. In the third e bwo mviawers scoraerad the full exts of the = kvant artickes using a irgg boal guided by e bgibility criteria.
Befome ume, the scmening tool was by both soeerers, and changes wemne made accordimgly Discrepancies during b t sereering wee msohed by
a thind mviewer kevel of agreement berwaen the bwo mviewers was caloulabed using MchMemar's Chi-square statistc.
Data collection P Anelectronic data charting form cantaining v.ariables mlevant to the research question was developad. Two ndependent reviewers then pilated the dats 7
Process extraction tool wsng 10 of the incloded studies. The ne cessary dhanges were apphed ingg B0 the foedback given by e mvewers.
Dat i 3 mnwmumdﬁmﬁnmﬂddmmmmhhhmlgamﬁﬂmmI].'pnuE counbry, type of TH service, and primary 7
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Tabie AL Cont.

Section and Topic  Iem No

Reported on Page

Cheeckllist Iem
We emplayed thematic -k id our research the d around the

malys: Em—— 3 :
emoTging themes. The themes that arose mast from the incuded studies were 25 fallws: The unintendod consequences of COVID-19 on T8 mrvices;

Data symitesis 10 compariscn of T8 aervices hafore and after CONTD-18; pationtaxperiences of TH s vices during COVID-14; and recommendatians for TH servims at PHE 7
during COVID-14.
o ams the 1k o bias we detrminad the quality of fhe induded sudies ing the mived metods appraisal 100l (MMAT) VIS sofoware [27] The toal
Comfidence in swmmed the methodolopcal qualty of he incladed primay st The partelar sty desig e baw he ricke was appra ing
cumulative n stipulatians by e MMAT g Once the scomes for each study were cakulated as a pementage, they wes given a specfic rank. Studies equal ko or 7
svidenes bl S0P wers a5 low quality, thoss be tween 5175 wers deemed averags quality, and Bhoss ranging Eros 76- 10 wes given a
high-guality scare.
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Chapter 3 Methodology & Conceptual Framework

Chapter 3 presents the methodology used for each of the study objectives and the conceptual
framework that guided the thesis's design and analysis. Briefly, a mixed methods approach was
used encompassing both quantitative and qualitative research techniques to gain a comprehensive
understanding of TB diagnostic services during COVID-19. This study design would guide the
development of a novel approach to improve these services. For this purpose, two frameworks
were consolidated, the first was Donabedian’s framework for assessing quality of care and the

second was the Lancet’s Commission’s high-quality health system framework.

The methodology and underlying framework have been presented in detail as a study protocol
which was published by the journal PLOS ONE under the title: “Towards development of a novel
approach for enhancement of TB diagnostic services during the pandemic: A case of primary
health care clinics in eThekwini district KwaZulu-Natal: A study protocol”. Link: Towards

development of a novel approach for enhancement of TB diagnostic services during the pandemic:

A case of primary health care clinics in eThekwini district KwaZulu-Natal: A study protocol |
PLOS ONE
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during the pandemic: A case of primary health
care clinics in eThekwini district KwaZulu-

Natal: A study protocol

Thobeka Diangalata "=, Alfred Mugekiwa', Tivanl Mashamba-Thompson®

1 Facity of Healh Scances S chool of Health Systerms and Public Health, Uniesity of Prelor, Pretora,
South Aldca, 2 Faculy of Health Sciences, Univesity of Prtoria, Prefoda, Souh Alica

The COVID-18 pande mic has greatly impacted TB diagnostic services in high TB burden
saftings. This has caused cases to go undetacied and increased the number of TB deaths in
2020. Renewed efforts to improve the resilience of TB sendces during pandamics are
required. Therefore, the cument study aims to propose a novel spprosch for conducting TB
disgnostic services in high burden settings during the pandemic.

Methods/Design

The proposed study will be conducted in three phases. During the first phase, a gecspatial
analysis o assess the geographic accessibility of TB disgnosfic services will be conducted.
In the second phase, the effect of COVID-19 on TB disgnostic services will be deemined
using an intemupted fime series analysis. Duning the third phass, fhe bamisrs and anablars
of TB disgnosiic services will be explored using patient interviews and a verfical audit. The
fourth phase ofthe study will be guided by the ocutcomes of fhe previous fhree phases wharne
anominal group technique with key stakeholders will be conducted o propose a novel
mezans for condudting TE disgn cstic services during the pand emic. The data of the study will
be analyzed using the late gt version of ArcGIS, State software.

Discussion

The study has received full e thical approval from ethics committes s. The resulis togethear
with iin put from redevant TB stakeholders will be used o develop anew approach to conduct
iing TB diagnostic services at Primary healthcare dinics.
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Introduction

Tuberculosis (TH) is a communicable disease that up until recently was the leading cause of
death by an lnfections agent [1]. COVID-19 now ecoup les the top spot in this regaad and its
emergence has resulted in devastating consequences for TB control efforts globally. The year
A2 saw newly disgnosed TB cases drop by 18%, fom 7.1 milion to 5.8 million compared to
the previcus year [1]. This was due to several reasons incduding, govem ments around the
gobe imposing strct lockdowns to curb the spread of the virus [2, 3]. Furthemore, the emer-
gence of SARS CoV-2 prom pted the diverson of health resources from other disesses to
COVID-19 care [4] Stovultaneously, healtheare- seeling behaviors and accessto TH semvices
were greatly reduced [4, 5]. Together these factors have led to fewer cases being diagnosed and
initlated on treatrent which has increased the number of TB deaths for 2020 [1].

South Africa (SA) has one of the highest TB burdens and accounted for 3.3% of the global
cases in 2020 [ 1]. Before QOVID-14%, the country had made significant strides toward TB con-
trol. This was due to the introduction of universal testing and the wse of new and repurposed
TB drugs [£]. These have allowed the country to meet some key milestones of the end TB steat-
egyset for the year 20240, specifically, reaching a 2% reduction in TB incidence between
2A15-2020 [1]. However, due to COVID-1%, SA has experienced asimilar fate to the rest of the
wotld, reparting a eduction i the sumber of TB cates potified ln 2020 compared to the previ-
ous year [1, 7]. A few studies have investigated the impact of COVID- 19 on the South African
healtheare system witha focus an HIV-related indicators [8, 9. Some have looked at the
depact o f COVID- 19 on TB services [10 11]. A stsdy from a disteict in the Limp opo province
showed no significant dhanges to TB indicators during the first wave of COVID-1% [11]. How-
ever, Pilbay and colleagues found that TB testing acmss the country drastically reduced during
the mational locdkdown and has dowly lmproved after resteietions were Ufted, however, a of
February 2021 TB testing is still lower than the expected levels [10]. The results imply that
COVID- 19 has had varying effects on TB services across the country and an investigation into
specific reglons especially those with ahigher TB bunden k warranted.

Alook at previousepidemics like Bbola and Mers-CoV shows a similar pattern to what i
being experienced with COVID- 19, where resources and eforts were geared toward fighting
the e mpergl g health threat at the expense of exlating disesses of lmportance [12, 13]. This
approach has resulted in the indirect cost of such epldem icsbeing greater than the epidemic
itself [14]. Modelling stusdies have predicted a similar outeome for COVID-19 control efforts
i Ught of other bealth bswes Uke TB [15, 16]. The comse guen ces the peo  have already be oo
rnan ifest in high TB burden countries like SA and will lkely continue unless effective action is
takeen [10, 11, 17]. Tt is important therefore that recovery efforts are not only aimed st restoring
TB case detection and trestrne st levels to those recorded before the OOVID-19 pan de ke but
enguring that healthcare systems are strengthened so that they remain operations] during the
current pandernic and other global health crises that mayemerge in future. Therefore, our
study alrs to propose 4 method for i provieg TB dlagnostle servces during QOVID- 19 at
FHC dinicsin high burden settings, using eThelowinl, SA as astudy setting.

A study of this nature is crucial for several reasons, firstly TB is lste d amo ng the top ten kil-
ergln SA and the leading cause of death ansong those Uving with HTV [ 18] The sais huedle Lo
eradicating TH in 5A is the number of people that become infected that never receive a diagno-
s [10]. The reduction in testing experlenced at the start of the pandemic suggests that these
“dsed” people have Lkely incresced [17, 18] Difflcultyin socesslng healtheare and reluctanoe
to seek care at the start of COVID-19 are some of the reasons for this [5, 17, 19]). Therefore, it
i of the utmaost importance that esential services like TB testing are trusted by users and
el b place despite other health challenges adsing Fallure to do this will not anly uindo
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the strides taken toward TB control i SA but lie fease the TB burden L cond g years The
outoomes of this reseanch canassist in the creation of resilient and robust healthcare systems
capable of sustaining essential TB care throughout the different phases of the current pan-
deinde and other health crlses that mayadse bn the futuse.

Methods/Design
Study design

This study will emyploy an implementation sclence research approach, which seelcs to under-
stand implementation problems for eficacious methods and comes up with evidence-based
solutions to improve thelr uptake and integration Lnto healthcare practice [20]. In implemen-
tation research, 2 varety of study deslgns are used to address a research question. A scoping
review to gain insight into the state of TB services at FHC during COVID-1% hasalread y been
conducted and published elsewhere [1]. The find ings of the scoplng review helped to refine
the subsequent objectives In the first phace of the study, 2 geospatial anal yeis will be cond ucted
to determine the accesibiity of TB diagnostic services ineThelowind. During the second
phese, the impact of COVID- 1% on TB diagn ostle services in eThelkowinl willbe determined
using a quasi-experimental resesrch design. The barriers and fellitators of TB disgnostic ser-
vices will also be explored through a cross-sectional and a qualitative study design. Once data
from the other two phasesare analysed, they will be used to gulde the nominal group tech-
nigue (NGT) in the fina] phase, where key stakelsol dors will co-create a novel approach for the
current TE diagnostic services during COVID-19.

Conceptual framework
Flg ] presents the conceptual framework of this study, two frame works will be comblned,
Donshedian’s model for assessing the quality of care [ 21] and the high-gquality health system
(HOQHS) framework by the Lancet commission [22]. Both frameworks assert that high-quality
care can iprove health outoomes st an individua] and population level. Do mabe dian’s frame-
work states that the quality o fhealthcare can be messured by kooking at the structure, process,
and outcomnse [ 21 ]. Structure refers to the physical attibutes of the healtheare system such as
infrastrie e, ofulp ment, mumber of tralned professlonals, and the oganations] structures
in place. The process refers to how care i administered by healthcare personnel and how the
users interact with the healthcare system. Lastly, the outoome is the influsence of care received
ofi the health status of the patient or population [21]. Bach component of the model influe nees
the mext, o that good structure will result in good processes which in turn results in good
DULCHITES

This conceptual framework will be wed to gulde the first thee phases of the study, Fig 1.
The quality of care will be assessed using Donabedian's components of structure, process, and
outoome and the guality indicators from the HOQHS framework (shaded grey) which have
been contextualbred for TB care; Indlcators unlgue to the HOHS framework have been aster-
isked. The structure will refer to the incuded primary healthcare facilities The study will
investigate the accessibility of these fac lities and thelr proximity to the nearest testing labora-
tory oo pared o the TB bunden in the area Other structural com ponents assessed will Indude
staff a5 well & facility characteristics. Processes of care, which according to the HQHS can be
divided into competent care, competent systems, and user expedence will be measured using
the latest evidence-based guldelines [ 23] and additional messures included by the HOHS
framework. The framework also states that high-quality systern s should not anly imyprove the
health of people but ko provide them economic benefits along with increased trust and confi-
dence in health systems [ 22]. As such, outoom e measures for the study will be the confidence

PLDS DNE | hiips: fdod ongf & 13 pumalpons (0 THI06  Dedamibber 20, 2000 P (]




41

PLOS ONE

Towards deveiopment of a novel appmach for enhancement of TB diagnasiic senvives during he pandemic

Stoemyal Faceare — Processes of e Ut osmes
(Phaze | 3ad 3 Phase 2 aad 3 Fhase 3y
Fuoaility Jeacimistive Coopecent oure Cenfidence i ot
o Cictmesfm Mg coeredt b 23mses L
n;:ur.::.d F Fat s he g aingged axirdies ¢ Levs o Faet
o Disteceto canted atemamanal & notiors TH g debnar e zTart an
Iebararony (0 povamts e e K, A s Pmpertn o7
Aralt fhana eterietice Fevients il Ev T2 LRIV patieny pd pemt whe
o0 T8 pronnt At e froateon would
+  Saffhaned TS Sxensmvalac TP LS reazmud e
g graence socanN el iy the IS
o Mo of 1B =xTw COmpecar YTt SR
FHC i ; Ecousins:
Headthew e scting TE ce deratton suls 5
hara cishies TE et pecEriude pas
S - Wal laze lu sz g 1@ seadts aid dostdue 5318
+ ldatifeniontonls utitizg tranat
tutmert T2 rog dar, User eapaisice
Ikosuones, anp ol oy
lahasanoey reapents, P ! strfstion headthe e
Tabosanosy stk Frovide? = aktizade, infoma i o
sipply oTT2 drugs, 2eeived o TE, gatecaoy ot
R el a1y orff sanf deantixiny®
f.‘.')'ﬂ:-} 9 _ ek toze o FHCS
vazcaztion ofztal

Fig 1. Concepmal framewo rk for measuring quality of T B care for the study: Towards devd opment of a novel
approach for enhancement of TB diagnostic services during th demic A case of primary health care dinics in
€Thekwini district KwaZulu Natal
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in the health system and the economic consequences faced by TB patients. The information
derived from this part of the study will then be used to inform the final phase in which anew
approach for TB diagnostic services for high-burden settings will be designed by key
stakeholders.

Study setting

The study will be undertaken in the eThekwinidistrict in the province of KwaZulu-Natal
(KZN), South Africa The district is the most densely pop ulated within the province witha
population of approximately 3199 944 [24]. It is 2 high TB burden district and also has one of
the highest casesof COVID-19 in the country. In 2015, it had the highest incidence of TB,
totaling 24 588 cases [25]. The district also carries approximately half the country’s burden of
extensively drug-resistant TB [25]. A total of 114 public sector clinics provide primary health-
care servicesin the district comprising 108 fixed dinicsand 6 community health centers. The
study will be conducted at fixed primary health care clinics; therefore no mobile dinics will be
incdluded.

Phase 1: Geospatial analysis

Objective 1: To map the geographic accessibility of TB diagnostics services using geos-
patial analysis  Design. Cross-sectional study.

Sampling. All dinics that offer TB testing in the eThekwini district.

Data source. Geospatial data of all dinics offering TB diagnostic servicesand the surround-
ing residential areas in e Thekwini will be obtained from the Department of Health and Geo-
graphic positioning system. For the results of the spatial processes to be in “meters” the
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Universal Transverse Mercator (UTM) 2ome, 365 was applied to all spatial dats Data on the
TB prevalence and dink characteristics will be obtained from the Nationsl TB prevalence sur-
vey [27] and the DHIS.

Amalysis and mapping. The coordinates of PHC dinles and resdential aress within the
eThekwinl will be linked toa base map using AncGIS software. The spatial data of the dinkcs
willbe used as inputs to measure proximity to the nearest reddential areas. The average speed
of Blkan'h for the most avallable and wed mods of transport, the mdnibus tad, will be applied
to estimate the travel time. The detalled model that will be wsed forthis study to deternuine
travel time has been described in a paper by Kuupiel and colleagues [25]. An Autocorre ltion
toal! Morons index will be used to determine the spatial disgtribution of PHC dinks o Ar-
Map. The resulting travel times and distances will be exported into Stata statistical software,
where the means and standard deviations will be calculated and recorded. The 2 scores and p
values will also be reported The results will be used to assess the trave]l time and dlstanoes of
TB services compared to the TB prevalence in the surrounding resdential aress.

Outcome measires. Geographical accessdb ity in termsof distance and time traveled to
PHC dlinkesthat offers TB testing services in eThekwinl The Councll for Sclentific and Indus-
trial Research (CSIR) has stipulated that soclal faclities offering public services in South Africa
should have a travel distance of Sk to dindes and 3o to bospltals [29]. We will use a travel
distance of < Sk a8 goographleally accesdbla.

Phase 2: Quasi-experimental, vertical andit, and qualitative study

Objective 2 Todeter mine the effect of the COVID- 19 pandemic on TE dagnostic ser-
vices. Design. Regresslon-based guasl-experimental

Sampling All PHC dinics providing TB disgnostic services in the e Thekowinl distrct will be
induded.

Data sources. Aggregated monthly data from the Distrct of Healih Information Systems
(DHIS). The tine pointsused will be between Janwary 2018 to Jameary 2022 Any outliers will
be identified and corroborated with data from February 2022

Amalysis. A segrmented linear regression of an interrupted time seres analysis will be wsed
to determine the impact of OOVID-1% on TB services before and after the start of the pan-
demde. The outcome vadables to be assessed are TB samples sent for testing as wellas TB case
notlflcations from PHC dines in the eThelowinl district. The following regresson mode] wil
be used for the assessmenit:

Y Eh+AT +EX +EXT e

¥y the outeome variable st each time podnt, mumber of samples belng sent for TH testing, or
TH cases no tifled

By s the baseline level of the outeome | mumber of samples belng sent to the kb and TB
cases potifled) at the start of the serles

T the time pased since the beginning of the study, messured in months.

Xy b a dumeny variable that represenits a time before the exposure, COVID- 19, and is
coded (). The post-exposure period will be coded (1)

B measures the base trend, how the outcomes change per quarter before COVID-19

B measures the number of samples or cases at the point where (OO VID-1%) is introduced

By estimates the change in trend following COOVID-19

An unchanging slope in the trendline before and after COVID- 19 means that the trend in
TB samples teste d and cases notified were the same despite the emergence of COVID-19. If the
dope Increases then the outoome varables would kave incressed after COVID-19 conversely &
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decreasdng slope would lndicate a downwand trend in the outoome varkbles. We hypothesize
that the trend and the levels will change following the e mergence of COVID-19. If Sz and fs

produce dgnificant p-values then this would indicate the immediate effect of COVID-1% and
it effect over timse, respectively. Stata statictieal software will be used & conduct il amlysls

Ontcome measires. The nurmber of T tests samples sent for testing and the number of TB
cases potified.

Objective % Toexplore challenges and enablers of TR diagnostics wrvices during the
COVID-19 pandemic. Design A clinical andit and a qualitative data gathering technique.

Sampling. Two dinles from each of the five sub-disricts of eThekwini will be purposively
selected Selectlon will be purposively determined by the dinle sze and the TB burden in the
area

To ascertain user experience and trust in the health system, twio patients from each audited
Eacility will be dntervewad (51 File). Only those patients that are 18 yearsand older and have
received a TH service on the day of the audit will be invited for an interview. The interviews
willbe audio-recorded and conducted usng an interview guide. If conceptual saturation is
reached before participants at every facllity are interviewed then data collec tion will end Data
saturation will be determined through an iterative process of collecting and analyring the
findings

Data sources. Data will be gathered thaough an adapted sundit chockdist d eveloped by the
United States Agency for Intermational Development (USAID) for assessing the quality of TB
services (51 File). The responses on the tool will be coded with 1 = yes and 0 = no responses.
Thee firal msmber of yes responses will be divided by the sum of the audit items on the check-
list, this willbe wied to determine the cility score for diagnostic services The qualityof TB
disgnostic services will be assessed using three cutaffs, ascore of > 85% will be considered
excellent, an aversge soore will be between 50°-84%, anda soore of <50 will be considered
posar.

For user experience and confidence in the health systery, data will be collected fyrough in-
depith irterviews (51 File). Before dats collection begins both tools will be plloted at two facili-
ties thiat fall outside of the indusion critera Based on the inputs received from the piloting
pluse, appropriate changes will be made to the data collection tools

Analysis. The results of the audit will be amalyzed to explain the general peformance of the
FHC facilities and service quality. Descrptive analysis in the form of percentages and counts
will be wsed to describe the outonme varables, amd Stata statistical software will be used inthis
regand.

The results of the intervews willbe transcribed and amalyred vsing thematic content analy-
ai% by extracting and grouping similar themes from the patient responses. Direct quotations
will aleo be lncluded if they are found to sum marke the maln findings of the theme.

Ontcome measires. Quality of TB diagnostic services.

Phase 3: Mixed methods—nominal group technique

Objective & To collaborate with local stakehbolders in designing anapproach for
enhancing the current TB diagnostic services. Design. Mol group techndgue.

Sampling Key stakeholders will be chosen using criterion-based purposive and a snowball-
ing sampling technigue, in the case where a participant cannot take part, snowhall sampling
will be wsed to recrult a replacement. For this study, key stakeholders will be defined as indl-
vidials that deronstrate knowledge and experience in PHCTB diagnostic services, a5 wellas
the TH patients/surdvos who wse these services A mantimurm mumber of 12 participants are
antlcipated for the study, this allows for optimal idea generation anmong group members [30].
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Recruitment strategy. The eThekowinl distelet health office will be ap pooached to peco -
mend two TH health service reseanchers or public health spec alists who willbe able to partici-
pate in the nominal group technigue, they will be contacted and informed about the purpose
of the study. In the cate where there are unavalable, they vill be asked to e oo d o -
one elie who may be suitshle to replace them. Similarly, two TB numses, two TB advocates, and
two TB patlents will be recrulted from a PHC ln which the facility audits teok place.

Data source. Data will be obtalned from sudio transe dpts from the NGT. The wotkshop
will ke guided by the findings from the previous objectives. The session will start with te
group members introducing themselves and sharing their experience with TB diagnostic ser-
vices. The PTwill the s provide contest for the wirkshop and outline the process for the rest of
the day. In the first phase of the workshop, the participants will be asked to independently
respond to a seriesof questions posed by the PI regarding the biggest hindrances to TB diag-
wisthes due o COVID-19. Following this, each participant will be allowed to prese st thele
answers to the rest of the group. Afterthis stage, the growp will darify and discuss responses
after which the ideas will be grouped according to thermes. Once data saturation has been
teached the ldess will be prioeitized from least to most Important. A score of ane will be glven
to idess deemed least important and five will be given to the ideas of most importance. In the
second phase of the workshop, all stakebolde s will use ranked ideas to come up with improve-
eenits tor the current TB diagnostic services. The stalebolders with expert knowledge on the
workings of TB diagnostic servces will suggest ways in which services can be improved while
TE patientsand survivors will give wsers insight into the suggestions.

Amalypsis, For the NGT, total scoresallocated to each Idea during the ranking step will be cal-
culated by adding scores from each partidipant and asdgning the desanoverall score. The
proceedings of the NG T will be audio-recorded and transcribed . Qualitative amalysis of the
five hghest-ranking priosty themes will be cond ucted wsing thematie content amalyds Oual-
ity data will be elicited from stakeholders’ presentations which will indude motivation for
selected themes. Durng the discussdon and darifying of the priority list, additional data willbe
collected This thase will also be wsed to dlaborate on the exdsting themes.

Ontcome measire. An improved approach to conducting TB diagnostic services at FHC
during COVID-1%.

Ethical consideration and data sharing

The study will be conducted following the Protection of Personal Information Act [31]. The
participants will be notified about the purposes of the study and alowed o ask questions or
withd raw thelr participation should they choose. Before the start of data collection, eligible
participants will be adeed to glve written consent which will be admdnistered by the primary
investigator or a trained research assistant (51 File). No ldentifying dharacteristics ar personal
information of the paticipants will be made available at any stage of reporting the results, par-
the fpranits will onlybe (dentifled bya code or a number. OOVID-19 regulations will be dosely
adhered to according to South Africa’s most recent guidelines. Throughout the study, stake-
holders from the PHC clinles, the Department of Health, and membe s of the community will
be engaged to ensure that the cultural dirmensions of the com munlty are unde mtood and
regpected by the research tearmn. Full ethical approval hasheen received from the Unbversty of
Pretoria, the Faculty of Health Scie nces Research Ethics committee {Reference Number 652/
A21), and the KwaZuls-Matal Department of Health (Reference mumber K2Z2_200112 012).
Once an objective has been completed, the findings will be submitted for publication ina
peer-reviewed journal The esults of this study willaleo be presented at local and international
conferences. Upon completion of the study, the findings will also be dissem inated among
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varous stakebolders Incduding the departisent of health and the lnduded prlmary healtheare
dlinies.

Strengths and lim itations

To determine the impact of COVID-1% on TB disgnostic services and geographic accessibility
the study will use data from all FHC dinkes in eThekwinl This gives an accurate deplotion of
the cutoome messures than using 4 represe ntative sample. Moreover, the powerofan inter-
rupted tine seres analysis, which will be used to determine the impact of COVID-1% on TE
dizgnostic services, Is Increased with the use of more data points [12]. Our study will use all
the avallable monthly data since the start of the pandemic to conduct this analysis. Since rou-
tine data is wsed for an interrupted time series analysis, its collection may have been com pro-
rdsed at the start of the COVID-19 pandemdc but we will ensure that onlyreliable data Is used.
We alm to use allthe data collected in the first three objectives of the study to come up withan
innovative way of conducting TB disgnostic services. This process will involve TE stakeholders
to ensure that the approach bs relevant and beneficlal for service providers and vsers allke. This
study can offer a foundation for policles aimed at strengthening TB services, which can uli-
mately help primary healthcare dinicsbe better prepared for future public bealth crises. Since
the study will only use data from one distret, the findings may onlybe generalizable to settlngs
with a sim lar TB burden and COVID-19 infection rate a5 eT hekwini.

Study timeline

The study has not vet begun data collection and participant recruitment. It & anticipated that
data deaning and analysis for the geospathal analysds will commence in Septernber 222 The
interrupted time seres analysiswill be conducted in October and data collection for the andit
and in-depth intervdews will be conducted in Novemnber and analysed in December of 2022
Following analysks of audit and Interview data, the NGT will take place in February of 222,
Participant recruitment for the in-de pth inerviews will sccur on the days that fse ity sudits
are conducted. For the Nominal G oosup Technique, participant recruitment will begin after the
completion of the third ob jecthve. Tt s antlelpated that dats collection will be completed within
one year.

Supporting information

51 File. Informed consent formy; audit tool; intervew questions.
(DOCX)
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Chapter 4 Manuscript addressing Objective 1

One of the gaps revealed by the scoping review in chapter 2 was the need for more primary studies.
In chapter four, there is an attempt to address this gap by investigating the geographic accessibility
of TB diagnostic services in eThekwini district.

The chapter has been presented in a manuscript format reflecting the journal guidelines to which
it was submitted. The manuscript is currently under consideration in the journal BMJ Open under
the title “Geographical accessibility of TB diagnostic services at primary healthcare clinics in
eThekwini District, South Africa”
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Abstract

Background

Improving geographic access can aid in managing Tuberculosis (TB) by enabling early diagnosis and
treatment initiation. Although geospatial techniques have been utilized to map the transmission patterns of
drug-resistant TB in South Africa, fewer studies have investigated the accessibility of TB services. This
study evaluated the accessibility of TB diagnostic services and disease distribution in eThekwini district,

South Africa.

Methods

In this cross-sectional study, population data for the year 2021 were disaggregated into smaller analysis
units and then re-aggregated through the dasymetric mapping technique. Data on confirmed TB cases,
including GPS coordinates of clinics, were obtained from the District of Health Information System

(DHIS), exported to ArcGIS 10.8.2, and used to calculate distances to the nearest clinics and hospitals.

Results

Ninety-two percent of the population (3 730 494 people) in eThekwini could access TB diagnostic services
within 5km. Patients travelled an average distance of 4.7km (range; 0.1-26.9km). TB diagnostic services
were highly accessible in the north and central regions and moderately accessible in the predominately rural
west and south regions, respectively. The smallest population of eThekwini resides in rural areas, however,
40.7% of its residents live >5km from a diagnosing facility, with patients in the south having to travel up
to 44.5km. TB cases were higher in urban, sub-urban areas and along the prime corridor; however, fewer
were in the rural areas. Our findings also showed that 98.4% of the clinics in eThekwini were located within
30km of a hospital at an average distance of 9.6km within the district. However, the distribution of these
hospitals does not demonstrate equitable access as the majority are located within the central region and

fewer are found in the other three regions of eThekwini.
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Conclusions

Access to diagnostic services is poor in rural areas and solutions are needed to address these inequities in

healthcare access.
Strengths and limitations

e The study used dasymetric mapping to determine the geographic access of TB diagnostic
services. This method allows for a more accurate measurement of geographic access by
accounting for unhabitable regions such as bodies of water or mountains.

e The study assumes that patients will use the nearest health facility when they can use any facility
of their choosing, including those outside their residential areas.

o We also assumed that all members of the district utilized public healthcare services and did not
consider the subset of the population with medical insurance who can afford private healthcare.

e The study only considered potential accessibility which measures the availability and distance to
facilities and did not consider revealed accessibility, which measures the availability and distance

to facilities, and did not consider revealed accessibility, which is determined by utilization.
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Background

Tuberculosis (TB) is the leading cause of death by an infectious agent in low- and middle-income countries
(LMICs). ! This is concerning given that TB is preventable and treatable, with an 85% treatment success
rate following a 6-month drug regimen. 2 A major driver of the epidemic is the number of people who
become infected but are never diagnosed. * Typically, 3 million are “missed” annually by national TB
programs; * this number is largely from LMICs where underdiagnosis is partly due to financial and
geographic barriers impeding access to healthcare. * These barriers became more pronounced during the
coronavirus disease-2019 (COVID-19) period. > This has further widened the TB diagnostic gap and
increased the number of TB deaths for the first time in over a decade. 2 These knock-on effects of COVID-
19 will likely continue in the years to come. 89 Strengthening TB services in a post-COVID-19 world should

evaluate and address barriers to access.

Improving geographic access to healthcare can alleviate the TB burden through early diagnosis and
treatment initiation. 4+ Studies have linked geographic accessibility to TB outcomes, ¥ showing that
geographical barriers are associated with delays in seeking care, loss to follow-up, and a lack of adherence
during TB diagnostic and treatment processes. 1**2 These can prolong periods of infectiousness, leading to
ongoing transmission within communities, an increased likelihood of poor clinical prognosis, and the
development of drug resistance among patients. ** This is especially true for settings with a high HIV co-
infection rate like South Africa. ** Therefore, it is important to investigate access to TB services while also
recognizing the spatial heterogeneity of the disease to inform effective interventions where they are most

needed. * This can be established using epidemiological data and geospatial technologies.

In South Africa, spatial analysis has been used to determine the risk factors associated with recurring drug-
susceptible TB. ™ However, the bulk of the geospatial research as it relates to TB has been used to
understand the occurrence and transmission patterns of extensively drug-resistant (XDR) TB. 3 1618

Although this is important work, similar studies are also required for drug-susceptible TB which is still
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pervasive and has increased because of COVID-19-related disruptions to health services. °* To our
knowledge, no studies in South Africa have examined the access to TB services in relation to the population
and disease distribution within a high-burden region. Therefore, we aimed to analyze the accessibility of
TB diagnostic services at primary healthcare clinics (PHCs) in the eThekwini district in relation to the
population and disease distribution. Specifically, we assessed the travel distances from residential areas to
PHCs and from PHCs to district hospitals, respectively. Additionally, we mapped the spatial distribution of
TB within the district. It is anticipated that the results of this study will reveal the level of accessibility of
TB services which can guide governance and provision of equitable TB service delivery where they are

most needed.

Methods

Study setting

The study setting was in South Africa’s Kwa-Zulu Natal (KZN) province (Figure 1). The province
constitutes 11 districts and has the second-largest population in South Africa. ¥ eThekwini is the largest
district in terms of population and the only metropolitan municipality in KZN. % It has, however, the
smallest area size of all the districts in the province at a total of 263 952 hectares. 2 The district comprises
four municipal planning regions: the North, South, Central, and Outer West. % The regions are further
divided into wards which amount to 111 in total. As of the year 2021, its population was estimated at 4 027
660 with the majority residing in the north region and the smallest group residing in the outer west region.
The district has a high TB burden, and in the year 2015, it recorded the highest incidence rates in South
Africa, at 24 588 cases. 2 TB testing can be accessed free of charge through the public health sector mainly

through PHCs. 2
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Figure 1 Geographic location of eThekwini district Kwa-Zulu Natal (KZN) Province, South Africa

Study design
Descriptive cross-sectional study which assessed the geographic accessibility of TB diagnostics services
for the year 2021. The study was useful for revealing the size of the problem (access to TB diagnostic

services) at a given point in time.

Data sources and manipulation

Global Positioning System (GPS) coordinates for all the health facilities were provided by the KZN
Department of Health and any missing coordinates were obtained from Google Maps. Population data for
the eThekwini district was provided by Stats SA using a community survey from 2021. The spatial road
network and the municipal boundaries of the eThekwini district were obtained from the Council for
Scientific and Industrial Research (CSIR). To get more precise analysis outputs, the municipal boundaries
were divided into smaller analysis units of 20-hectare hexagons, which give more precise analysis outputs

and better distance estimates. ?* Each hexagon was populated with the year 2021 population data by
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calculating the population-weighted centroid based on the population distribution using dasymetric
mapping. TB confirmation data for the year 2021 was obtained from the District of Health Information
System (DHIS2). This data is collected monthly from primary healthcare facilities by designated data
capturers and reported to the district. These data were used to calculate the number of TB cases per ward

(the smallest administrative unit).

Mapping and Analysis Techniques

The analysis was conducted in ArcGIS 10.8.2 software. The distances were measured using road network
distance which gives a more accurate measurement than Euclidean distance. The distance is measured from
the centroid of each hexagon to the closest health facility using the origin-destination matrix. % For distance
measurements, the implicit mode of travel was assumed which states that the shortest physical distance is
a function of the mode of travel. It was also assumed that people are likely to travel from their place of
residence to the nearest health facility. To visualize the distribution of TB, the aggregated TB cases were
linked to a base map in ArcGIS using the spatial join function. All distances computed were exported onto

Excel to calculate means and standard deviations.

Outcome measures

The primary outcome was the travel distance to PHCs offering TB testing services in the e Thekwini district.
The secondary outcome was the travel distances from PHCs to nearest hospital. The CSIR has stipulated
that social facilities offering public services in South Africa should have a travel distance of 5km to clinics.
24 Therefore, clinics that were < 5km from patients were deemed highly accessible; PHCs with distances
between 5-10km were moderately accessible, and > 10km were deemed poorly accessible. The CSIR
guidelines further state that PHCs should ideally be situated within 30km of district hospitals, therefore,

distances greater than this were classified as inaccessible.
Patient and Public Involvement

No patients/public were involved in any aspect of this study.
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Results

Travel distance analysis of PHCs in the eThekwini district

A total of 123 clinics were included in the analysis of geographic accessibility. The distances that people
traveled to the closest diagnostic facility within the different regions of the eThekwini district are depicted
in Figure 2. The map shows that much of the population had good access to TB diagnostic services with
only a few areas exhibiting poor accessibility. The mean distances traveled by patients to diagnostic
facilities for each of the planning districts in eThekwini are found in Table 1. On average, patients visiting
eThekwini PHCs had to travel 4.7km (range; 0.1-26.9km). The Central and North regions were highly
accessible, with average distances of 2.6km (range; 0-13.9km) and 4.5km (range; 0.1-26.2km),
respectively. The South and West regions were considered moderately accessible, with mean distances of
5.2km (range; 0-44.5km) and 6.2km (range; 0-23.2km), respectively. However, it's worth noting that
patients from all four regions could travel maximum distances that were beyond the recommended 5km to
access diagnostic facilities. Patients from the South region residing furthest from PHCs could travel up to

44.5km.
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Figure 2 Travel Distance to TB Diagnostic Services Facilities in eThekwini District

Table 1 Travel Distance Statistics per Planning District of eThekwini District

Spatial Planning Average distance (km) | MIN distance (km)to | MAX distance (km) to
Region to Clinic Clinic Clinic
Central 2.6 0.0 13.9
North 4.5 0.1 26.2
South 5.3 0.0 445
West 6.7 0.0 23.2
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Table 2 describes the accessibility to TB diagnostic services per planning region and level of urbanization,

respectively while the visual representation of these data is found in figure 3. Approximately 92.6% (3 730

494 people) of the population could access a TB diagnostic service within the required travel distance

standard of 5km and thus were considered well served. The remaining 7.4% (294 572 people) could access

a TB diagnostic services facility beyond 5km (Table 2). The Central, North, and South Regions had >98%

of the population residing within 5km of a PHC (Figure 3A; Table 2A). These regions also constitute the

built-up areas of the district which include the prime corridor, and urban and sub-urban areas are where

most of the population resides (Figure 3B). The rural areas which make up the largest geographic area of

eThekwini (48.5%) had the smallest number of the district’s population (10.7%) (Supplementary file 1).

This is also where most of the underserved population resides, which constitutes 4.4% of the total

population and 59.5% of the underserved population (Figure 3B; Table 2B).

Table 2 Accessibility of diagnostic services per region and density corridor within eThekwini

A. Accessibility and population data per planning region

Plannin Population Population < | %Population < | Population > | %Population >
ning per planning | 5km from | 5km from a|5km from a|5km from a
Regions . S S . .
region (2021) | clinic clinic clinic clinic
Central 1246 322 1214 392 30.2 31930 0.8
North 1340 765 1269 623 315 71148 18
South 992 601 935 849 23.2 56 752 1.4
West 447973 310 631 7.6 137 342 34
Total 4 027 660 3730 494 92.6 294 572 7.4

B. Accessibility and population data per level of urbanization
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. Population < | %Population < | Population > | %Population >
Level 9f . Popu_latlon 5km from | 5km from a|5km from a|5km from a
urbanization | density (2021) | 7. . - S S

clinic clinic clinic clinic

Prime 902 728 889 913 22.10 12815 1.4
corridor
Rural 431 689 255 701 6.3 175988 40.7
Sub-urban 1550 235 1 454 265 36.1 95 970 6.1
Urban 1143 006 1130612 28.0 12 394 11
Total 4 027 660 3730494 92.6 297 165 7.4
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Figure 3 Population distribution and level of urbanization within the eThekwini district in 2021
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Distribution of TB cases in eThekwini District

The confirmed TB cases within the eThekwini district in the year 2021 have been depicted in Figure 4. A
total of 9,953 TB cases were recorded in 2021. The densely populated central region had the lowest
number of TB cases with a total of 1,739. The sparsely populated western region followed closely with
1,976 cases. Conversely, the northern region, which had the highest population density in the district, had
the highest number of TB cases totaling 3,398. Despite the north region having a high proportion of TB
cases, patients in this area had good access to TB diagnostic services. On the other hand, the central
region had a relatively low number of cases and high accessibility to PHCs. The west region had a
moderate level of accessibility but also had a relatively low amount of cases. The south region had a
moderate level of accessibility and a relatively high number of TB cases, however, these were
concentrated in the urban and sub-urban areas and fewer cases were located in the rural areas.
Furthermore, Table 1 shows that patients in the south could travel up to 44.5km to reach a facility with

diagnostic services.
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Figure 4 Confirmed TB cases within eThekwini per planning region in 2021

Analysis of distances from PHCs to the nearest hospital

Travel distances from clinics to the nearest hospitals are depicted in Figure 5. The average distance from
PHCs to hospitals within eThekwini was 9.6km (SDx7.6km). A total of 121 clinics (98.4%) were within
30km of a hospital. Eighty clinics (65%) were situated within 10km of hospitals, 28 (22.7%) were
situated within 10.1-20 km, 12 (9.6%) were located between 20.1-30 km and only two (1.6%) were
outside a 30km radius from a local hospital Most hospitals are concentrated in the central region and

fewer are found in the three regions of eThekwini.
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Figure 5 Travel distances between PHCs and hospitals in eThekwini

Discussion

Our research evaluated the accessibility of TB diagnostic services at PHCs in the eThekwini district. The
results showed that TB diagnostic services were accessible to a majority (92.6%) of the population. Of the
7.4% of the population that fell outside a 5km radius of a clinic, 59.5% resided in rural areas. On average
the population in eThekwini had to travel 4.8km to access diagnostic services. Moreover, the central and
north regions were highly accessible while the south and west regions experienced moderate accessibility,

respectively. However, patients from all regions could travel distances longer than 5km to reach a diagnostic
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facility with distances in the south region reaching up to 44.5km. Many of the TB cases were in the densely
populated urban and suburban regions and fewer in the sparsely populated rural areas. Our analysis also
revealed that 98.4% of clinics were <30km from a hospital at an average distance of 9.6km (SD+7.6km).
However, these hospitals are not spatially distributed, with many being in the central region of the

eThekwini district.

Geographic accessibility to healthcare services can significantly impact the health outcomes of a
population. For TB, limited access to diagnostic facilities can worsen disease progression and increase
community transmission. ** Our findings showed that 92.6% of the eThekwini population had good access
to TB diagnostic services, enabling them to reach a facility within 5km. Nevertheless, access remains a
challenge in rural areas. Patients from the predominately rural west and south regions had moderate access
(5-10km) to TB diagnostic services, however, these patients could travel up 23.2 and 44.5km to reach a
PHC, respectively. A Ghanaian study reported similar findings, showing that 81.4% of its population lived
within 5km of a PHC, traveling an average of 4.7km to reach these facilities. However, access remained a
challenge for rural populations. ¢ Authors from Ghana and India have demonstrated that longer travel
distances are often associated with higher costs which deters health-seeking behaviors in rural communities.
122128 Consequently, limited accessibility to health services is often accompanied by lower TB case

notifications, leading to the underreporting of disease from these areas. 2°

Our study investigated the distribution of TB cases throughout the eThekwini district. The results depicted
urban and sub-urban areas having higher TB cases than rural areas. The evidence suggests that higher TB
case notification rates in urban areas are due to better health services utilization than in rural regions. 3031 28
While the lower population density in rural regions may have played a role in the lower number of TB cases
observed by our findings, it is important to note that most of the underserved population resides in this
region; therefore, the longer distances these patients travel cannot be ignored. MacPherson et al, > showed
a decrease in TB case notifications in Blantyre, Malawi, as the distance to the nearest clinic grew. These

authors further highlighted that low TB cases in areas with risk factors for TB, such as poverty, could reveal
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an access issue rather than a low TB burden. *2 In South Africa, the poorest live furthest from the closest
PHCs. Therefore, patients from these regions are at particular risk for developing TB. Moreover, Mee et al.
% found that in rural South Africa, distances longer than 5km from health facilities were associated with a
higher risk of death for people with TB/HIV co-infection. Therefore, access to diagnostic services should

be prioritized in remote areas of eThekwini.

The eThekwini district already has four and five mobile clinics in the predominately rural regions of the
south and west, respectively. Based on our findings this is an adequate number of clinics as 3.4% of the
underserved population reside in the west and 1.4% reside in the south. However, regarding the distribution
of the mobile units, consideration must be given to areas in the south where the population can travel up to
44.5km to reach a facility. Moreover, given the vulnerabilities that rural populations face, it is paramount
that TB services are always available at these mobile health units. The COVID-19 pandemic disrupted the

provision of these services as many mobile units were repurposed for COVID-19 response.

Our findings also showed that 98.4% of clinics in eThekwini were within the recommended 30km of a
district hospital. However, many of the hospitals in the district are concentrated in the central region. The
post-apartheid South African government has worked hard to ensure equitable access to healthcare by
providing healthcare free of charge and expanding PHCs. % % The placement of district hospitals in
eThekwini reveals the enduring effects of apartheid. Hospitals are mainly situated in areas where privileged
individuals reside, while fewer are present in remote regions where the poor still live. This distribution does
not reflect the current population needs. Although PHCs play a vital role, district hospitals act as their
referral points, which offer more comprehensive services, including but not limited to emergency care.
Current studies on access to emergency care primarily focus on obstetrics and maternal health. 373°
However, it is important to note that patients with tuberculosis, particularly those in remote settings, are
also likely to require emergency services. *° This is because they tend to present later to healthcare clinics
when the disease has already progressed to a severe stage, which may require immediate and urgent

interventions. Moreover, patients with drug-resistant forms of TB receive their treatment at district
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hospitals, and TB samples from PHCs are sent to district hospitals for testing so distances could affect

turnaround times. Therefore, hospitals within eThekwini should be better distributed.

Based on our findings, we recommend that eThekwini deploy its mobile clinics at rural locations according
to the population distribution and the travel distance guidelines provided by the CSIR. Furthermore, the
quality of care of mobile health units and PHCs should be continuously assessed and improved because
improving geographic access and utilization of services would be futile without ensuring high-quality care.
eThekwini has started active case finding for asymptomatic high-risk groups. These should include the
vulnerable poorer populations in rural and urban areas where high population density facilitates
transmission. This is especially important in light of the COVID-19 pandemic which has not only increased
the risk factors for developing TB but also the number of undiagnosed cases. Lastly, where feasible, in
remote areas with poor access to health facilities, the government should consider upgrading existing PHCs
to hospitals and introducing more clinics. This could assist with increasing emergency care in these regions

for all health conditions including TB.

Conclusion

GIS technology is a powerful tool that can reveal healthcare access and thereby inform the development of
equitable solutions. In our study, the eThekwini district had high accessibility to TB diagnostic services at
PHCs. However, access remains a problem in some remote regions. This also was true for the location of
hospitals within the region. The evidence shows higher cases of TB in urban and sub-urban regions
compared to rural regions suggesting that there is better utilization in areas with better access. To keep
making progress towards the elimination of TB, these access issues will need to be addressed. Active case-
finding and mobile clinics can be used in the interim, however, permanent solutions like expanding clinics

and district hospitals should also be considered.
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Chapter 5 Manuscript addressing Objective 2

The results from Chapter 4 revealed that TB diagnostic services were highly accessible with the
exceptions of a few remote regions. Once geographic accessibility had been established, the impact

of the COVID-19 pandemic on TB diagnostic services was evaluated.

Chapter 5 presents the results of the analysis that assessed the impact of COVID-19 on TB
diagnostic services during the pandemic. The chapter has been presented as an article with the title:
“Impact of COVID-19 on TB diagnostic services at primary healthcare clinics in eThekwini
district, South Africa” which was published by the journal Scientific Reports. Link: Impact of

COVID-19 on TB diagnostic services at primary healthcare clinics in eThekwini district, South

Africa | Scientific Reports (nature.com)
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OPEN

Impact of COVID-19 onTB
diagnostic services at primary
healthcare clinics in eThekwini
district, South Africa

Thobeka Dlangalala®™, Alfred Musekiwa® & Tivani Mashamba-Thompson?

We assessed the impact of the pandemic on TE diagnostics at primary healthcare clinics (PHCs) during
the different stages of COVID-19 in eThekwini district, South Africa. Data from the District Health
Information System (DHIS) were used to conduct an intermupted time series analysis that assessed
the changes in TB investigations and confirmed TB cases during four pandemic periods: lockdown
and the subsequent three peaks of infection comipared to the two years prior (2018-2022). The initial
lockdown resulted in - £5% {95% C1 - 55 to - 31) and - 0% (35% CI - 59 to - 20) immediate declines
inTB investigations and confirmed cases, respectively. Both indicators showed substantial recovery
im the months after the first wave (p <0.05). Howewer, while TB investigations sustained smaller
declines throughout the pandemic, they rebownded irlds:.lpas&adpre—cnm 19 levels by the end of
the investigation period. On the other hand, confirmed cases experienced reductions that persisted
until the end of the investigation period. TBﬁagmcsemmatFHBmmmﬂenhhdmmd
by COVID-19, with the confirmation of cases being the most adversely affected throughout the
pandemic. The reasons for these persistent declines in TB detection must be determined to inform the
development of sustainable diagnostic systems that are capable of withstanding future pandemics.

bhreviati
DHIS  District of health information system
ITS In ted time series

v -Matal

PHCs  Primary healthcare dinics

S5A Sub-Saharan Africa

TB Tuberculosis

The outhreak of SARS-CoV-2 brought the world to a standstill in easly 2020 due toa bk of effective pharma-
centical interventions which ted world keaders to i ot mon- utical measures bo manage
transmission’. These uhmﬁrzrmﬂympmdﬁtuﬂmqﬁ:mﬂpmhﬂumm:mﬂ
the globe™ 7. In a.d.d.i.l.lnnuﬁlﬂaunu -wide lockdowns, countries repurposed many of their health fcilities
and human resources to COVID-19* "%, This has had a devastating impact on managing other diseases of
im iculardy Toberculosis (TE) which was jomately ted ™.
mﬂmdmmwlwmhmﬂucﬂﬂﬂ -19 pandemic’ . This comes after
achieving significant milestones in reducing the global burden'?. The TH area most affected by the pandemic
was detection, specifically the her af newly diagnossd cases which fell by 18% in 2000 and have only skightly
recovered in the year 2021'% Thouwgh, not ideal these coteomes are oot s rumguncemmpdupnshcpla
ﬁmmrﬂfurpmnd fnrmmlg".tulingﬁ:iliﬁu shut doven 15, aﬁp the similarities in the dinical
wmdmﬂn-lgﬂm".&rmmmﬂpﬁmuﬁummchngml:‘.ﬂlhﬂ-:rmhrl
in patients presenting bter to health facilities thas reducing TH testing in 2020". Conssquentky, this reduction in
TE detection particularly in high-burden countries has increassd TB incidence bry 3.6% betwesn 2020 and 202172
Zouth Africa, fces a dual burden of TE and HIV with an estimated 60% of new cases coming from those living.
with HIV'™. Given the deadly nature of opportunistic TB infection among peaple living with HIV, a reduction

15chool of Health Systems and Public Health, Faoulty of Health Soences, University of Pretoria, Pretoria D00Z,
South Affrica. *Faoulty of Health Sciences, University of Pretoria, Pretoria 0002, Soeuth Africa. =email: 1102251206
tuks.0o.z3
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in TB detection will have dire consequences for the country. Mevertheless, South African TB diagnostic services
suffered a similar fate to the rest of the world as a consequence of COVID-19'%'"™. During the first lockdown,
TB tests conducted using the Xpert MTE/RIF Ulira assay, the primary diagnostic tool in South Africa, decreased
by 33%%. Between fanuary 2020 and February 2021 the number of people screened for TB and positive TE tests
decreased by 19.2% and 18%, respectively, A:o?.mdbopm-pmﬂﬂnh:m" A study from the Limpopo prov

ince recorded a 33% reduction in the number TBtl:mdu.rma'ﬂ:emm:ll-nchd.wum Therefore, Enrl

ing the mimed TB cases and rebuilding stronger Tﬂ-dupnih:mﬂ:ﬂuldbermpmﬁrﬂmmnn
Much of the published Literature on T detection in South Africa is from the start of the pandemic'>™2
Little is known the state of TR detection in the country’s high-burden settings, it ¥, during the

different waves of COVID- 18 infection. Therefore, this mdfaimdmuﬁmdrlheimpaﬂufmﬂn-lg on
T detection at different stages of the pandemic (March 2020-June 2021 ) compared to two pre-pandemic years
(2018-2019) using TB investigations and confirmation of TB cases as indicators. This was done using data from
Primary Healthcare Chinics (FHCs) in eThekwini a high TE burden region in South Africa. To our knowledge, a
stucly of this nature has not been conducted in South Africa and the indings can be used to implement targeted
interventions for building stronger health systems.

Methods
ﬁkmﬂywoﬂmﬁduwinlmnmﬂpnpﬂmhglhmim—lgmmhpﬁﬁu
services at PHCs with the sim of optimiring these services for health crises such as COVID-19.

Study setting

The study was cmd.n.ctad. in the ¢Thekwini district of the EwaZuly-Natal {KZN} province. The district boasts
p-ulpulmnf ately 3.9 million people making it the most popalated region in KZN™. TB and HIV

account for the number of deaths by communicable infection within & Thekowind, especially among men™.

Healthcare is through a mixture of FHCs, regiomal and ome and central b
However, Tﬁmﬂdupnﬂsumlm}fmud wmwﬁﬁngﬂmFTEfIbmhbunh
epicenter of the COVID-19 pandemic within the province and has recorded 358 222 active cases and 5 707 deaths
as of 1 February 2023, respectively™.

In South Africa, the first case of COVID- lgﬂﬁwduhsﬁimmﬂ By the 15th of March
Zﬂlﬂ Ihepmﬂﬂnchnrlanm]mh:nf ml]:emm-lgpﬂmdm“ With the

oumber of cases, the first bockdown was i hm:dmghmlhzlﬂ'ﬂ!:fm 1020', The

pcﬂlufmﬁ:chmﬁ:rlh:ﬁrﬂ.mn:fmmlgmmﬂndmhhm and the peaks for the second, third,
and fourth waves were rexched in Jaoury 2021, July 2021, and December 2021, respectively™. Fallowing the
decrease in OOVID-19 cases and the increass in population immunity, the South Afrian government terminated
the national state of disaster on Shrrﬂ 022%,

Data sources

South Africa collects and records routine ha.ﬁ':lnp'imrfl!ﬂlltmﬁ:iliﬁﬂin the Diistrict of Health Infor-
mation System (DHIS)™. Aggregated monthly data on TB imvestigations and confirmed TE cases from PHCs
in e Thekowini were extracted from the DHIS. T investigations entail all inquiries into TE symptoms while the
confirmation of TB represants a positive diagnosis following a TB investigation (new cxses and relapses). Clinics
with missing data points were excluded from the analysis.

Outcomes

The outcomes of interest were as the tolal oumber of TH investigations and the confirmed oumber of
TB cases at PHCs, taken in intervals. .ﬁfhﬂ'ndl.lrl:.ngdmh:m.ﬂ: data sets and thoss with
outlier values, 34 and 76 faclities were used to analyze TE i igations and confi i nfmmrﬁvdf.
umdﬂmnflh:mnmhhlﬂlb:anmmdhﬂmwhmlmphuf
values over Hme.

Study design

A single mnupmdhmemruﬂ'ﬁ}m:lymmmdmd"mnglheﬂhTﬂmulm&wu&m
151 Ib:ﬂi:dﬂlﬂmadwh&ﬂ'ﬁew{mm Ig]bdl.n:.mmadnir-w]umg-irrm on TR
imvestigations and confirmations of TH at PHCs. A times series is the strongest quasi ign that
amsesses Hme-delimited ml:hasOJ\"I'D-]?m selected putcomes™. As such, mi i
throughout the pandemic m w'hudimspumd:dmdlﬂ'utut:mpsufmvl;?;sur :I.I:I.ECDWP-E-D*;I;I
Sun.r]!..llfrn. Jmﬁeﬁmmhnflh:hdﬁﬁbcﬂm period 2—july
2030, ﬂurﬂl 'r]:.l.-mmnrlm E:pm;rerumd}—lm‘uarylﬂll the ofl]s:t]!.n'llmnf

infection; pﬂ'u:u‘l&—hll}'lﬂll the peak of the second wave of infection; Exposure S—December
2021 ﬂ!rﬂnfﬂmthnﬂm:fmﬁcﬂm.ﬂtmﬂmmﬂm:mpwﬂdmhmwn the pandemic
started (January 2018~ Februry 2020).

Statistical analysis

The statistical analysis was conducted in Stata version 15, The analysis assumped that a linear i
existed between time and the respective outcome variables within sach ssgment. Specifically, a least squares
regression line was fitted to each segment of the time variable™ The model was able to ﬂ:‘lrrm.mel]u:m.pactnf
the respective sxpasures an bath cutcomes, immediately and over time. The mode] used terms to imvestigate the
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following variables: a constant representing the respective outcome level at the baseline, befre COVID-19, and
terms describing the immediate changes to outcome levels following a ummmlgﬂ]:-um:eamﬂ
as the changes in monthly trend afier the exposare. The t change for both indicators immediately after a
respective exposure was also reparted. The analysis used follows an Ordinary Least Squares (0LS) regression
micdel which aspumes that the srror terms at respective chservations are uncormelated. Thus, to it 2 mods] that
accounts for autocorrelation the Cumby-Huiringa general test™ was used to assess autncorrelation. The test
plotted up to lag order=12 to asess autccorrelation and seasorality. Newey-west standard ermrs accounted for
autocorreation. The detailed regression model wsed for this study is outlined in Supplementary File 1.

Ethics declaration

The study was conducted according to the Helsinki Declaration and the South African POPLA Act™. Before the
commencement of the analyses, sthical approval was sought and granted by the University of Pretorias Faculty
of Health Sciences Research Fthics Committes [reference number §5272021) and from the Health Research and
ManagﬂnmiUuil.ot'ﬂu KZN'Dera.rimmto‘HHll.l: {MHED Ref KZ_202112_012). Mo human ra.ri.il:i:p:.nl:
were imlved in this study, therefore, the need for informed consent was waived by the University of Pretoria’s
Faculty of Health Sciences Research Ethics Commuittes.

Results
Characteristics of healthcare facilities
htula]ufi-dhﬂ]ﬂlm\eﬁ:ﬂiﬁﬂmimﬂudedinﬂmm:lpe:nfﬂinruﬁpﬁnm:ndﬂ.hmmmﬁm:ﬁnm
mpacmhﬁable]} Tb:sefzn.l!hucumpuuﬂl healthcare clinics [(B7% and B5%), ommunilyl::lll]:
centers (53], gatewny (3% and 4%), mﬂardﬂm{lﬂ]&rmﬂpﬁnm and confirmations, ectively. An
average of 9965 TH imvestigations were conducted from health facilities and 754 cases were d as TE
every

The cnset of the pandemic resulted in TE investigations and conhrmations being reduced by a tehy
half (Tahle 2). Tﬂmﬂummcnmcdmlhmﬁhsﬂneqummmdu:gpm—p:nd:m Eﬂ'l.:ﬂmlﬂ]:
wave, however, confirmation of cases did not rebound in this manner. The sagmented linear regression analysis
was used o test the siatistical significance of the immediate and long-term effects of the ic (bockdown
and subsequent waves) on TB investigations and TB confirmations (Figs. | and 2). COVID-19 significantly

TBi

Before the COVID- 19 ic, TB investigations at FHCs were increasing slightly by approximately 13 tests
Permncnllzlfmm a haseline of B 860 (95% C1 7908 to §722) tFi.B.]iII]!h SJ.Afhﬂ'ﬂuﬂnu'g,:nudCﬂ\r]D-lg
and the implementation of the level 5 lockdown, the number of imvestigations declined by 4 165 (95% CI — 5669
to— 2660) which represented a — 45% (95% CI - 55 to — 31) decline relative to the counterfactaal. The trends in
micmthly tests following the lockdown did not differ substantially from those experienced before the pandemic.

TH investiyatioes TE confirmations
‘Facility type ‘o prasent = “Mizan manthly [Bvestipations. 0. present % “vicam mosthiy confirmations
‘Community Beaith cesless 7 2 1520 185 7 2 RS
Caleway dinks 3 3 pErET ) 3 4 M:73
Polycinics 1 1 281200 1 1 52200
Primary healthcare Cisics .t] B TEM+ %12 &5 3 36T
Total ™ 100 9065 7 100 54
Table 1. Characteristics of the included primary healthcare facilities.
Perind ‘Namber of TE iInvestigations | Number of TH confrmations
Jan—Dec 2013 EEl i
Before QOVID- 19; monthly sean Jan-Dec 2019 ] &35
Jan—Mar 130 10,251 =0
Locksdown Apr 203 | 5511 Ll
15, warve ul 2020 6507 AE3
Dising COVID-| % arteal monSly value | 2nd wave Jan 2021 | B766 25
Sed weave: il MO 10,406 B&l
v Dec 202 | W73 534
Table 2. Monthly changes in TB investigations and confirmations at PHCs, before COVID-19 and at different
stages of the ra.miﬂnir_
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Figure 1. Impact of COVID-19 on TB investigations at PHCs in the eThekwini district, South Africa (Jamuary
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Figure 2. Impact of COVID-19 on TB confirmations at PHCs in the eThekwini district, South Africa (January
2018-June 2022). Dashed vertical lines the April lockd, and the peaks of the four waves of
COVID-15. Amhmwmhg!md;uﬂhmmmwm

the peak of the first wave in July 2020, TB i igati h i a relative increase of 16% (95% CI
—4 to 34) (n=852; 95% CI — 196 to 1899) d to the lockd iod. Hi the trends in investiga-
mﬂﬂhhmmdqmﬁnnﬂymﬁhbmhbyﬂZ@S%GZBmIl”)mqlndm!h:

period prior p=0.04.
After five months of marked increases the peak of the second wave, in January of 2021, brought immediate

declines to TB & igat af — 23% (95% CI - 32 to - 2) (n=— 156; 95% CI — 643 to 332). 'niedndmsper
sisted mauh-b—mmb:f&rdt:rul&o@nmmﬁamly(p>005)

By the third peak of the wbnd:mdnmbytheemd’ﬂud:hmdxlndlnd
subsequent manthly trends of TB i i inued to decline but in 2 non-signif mp
to the 2nd wave.

When the fourth wave in December 2021 the level of TB investigations by -33% (95% CI
5[!015)(::--3326;95‘!@ 5435t0 — lllt)cmpntdblhcwm'lhe u:ndsﬂulhepuk

er, the gr shows that overall, more TB in
veubemgoondunzdmt!mpazoddunwdmuubdmzdzcovm 19 pandemic (Fig. 1).

TB confirmations

The monthly trend in the confirmation of cases uablebeﬁuOOVIDE shomqhﬂe&nm&m
the baseline amount of 803 (Fig. 2; Table 3). The inception of the p i Jeed in TB conf
significantly by — 334 (95% CI — 398 to — 27l)mﬂ|¢monhd'ﬁ|e' %down which correspondad to — 40% (95%
CI 59 to — 28) decli d with the ria declines continued month-to-month
hy:ppmmnndy?cus(ma—llln 2):&:&%(1’@2.1’:&3)
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| T8 turvestigations | T comtirmations
Before COVILL 19
Sating kevel Inlercepl 36D 303
Siope tefone Inlereenion (¥5% OI) (- 5510 1K) 141 -3 5)
pvalue [T 0817
Lockdown April R0
Comge In B¢ month of exposare (95% CI) | — 4165 - 5669 0 - 1660) | - 334 (- 308 80— I71)
Fercenl change (5% CI) — A5 (- 55 In - 31) — 4% (- 50— 1)
Average monihily cange {95% 1) 74 {- 133 In 280} TSROl 11 -1)
pvalus na [T

sl weawe Juy 2020

Clamge In B month of exposare BSZ [ 194 ko 1E9S) 35— 33 In L)
Fercenl change (5% CI) 16— 410 34 7i- 0o 15)
Average maonlhily cange {95%CT) TII 334 1o 1L59) A7 (27 o )
pvaiue [T <0901

Ind wawe b= H21

Clumge In S month of exposere (S57% CI} | — 185 (— 4701 lo— 70} | - 184 [~ 1B3 80— 25)
Fercenl chasge (5% CI) —Bi-Xum- ) S1Z-We-3
Average monlhly change {95% C3) 156 (- £43 In 333 (4B}
pvaiue (=03 LIIE

Ird warwe July M21

Clomge In S month of exposere (95% 1)

— 1637 [ 3647 0 393)

— 173 (- I o - L24]

Fercenl dsasge (P55 CI) - 2[-a3d) -Ji{-510-&

Averzge monlhily cange (95% £33 63 (- 659 I 543) 46 (23 b0 68)

v e P

4ih wave December 221

Clemge In e month of exposere (95% CI) | - 3526 (- S05 10 - 1208) |- 169 (- B30 - 48)

Fercenl change (9558 CI) -33(-5lfix-I5) -Mi{-9o-4)

Average monihly change _ 115 {- 897 In 467) —E1{- 117 lz— 4T}

v e <0001

Table 3. Statistical changes in TB diagniostic indicators during different phases of COVID-19 (April 2020
Lockdown—Jaouary 2021} The table shows the estimates for the absolute changes in the month of the exposure

and the monthly trends thereafter for TE investigations and confirmation of cases during the pre-pandemic

pemd,lh:ln&.ﬂunn,anﬂ&gnlbuqmﬂt four waves of infection that followed.

At the peak of the 15t wave, the kevel of TB confirmations rose slightly by 7% (95% CI - 10 to 15) (n=35%

95% CI — 33 to 104) relative to the lockdown period. In contrast, the trends following the Arst wave
resulted in statistically significant increases of approximately 47 (95% CI - 33 to 104) compared to the previows
Peﬁnd{])sml:l.

During the peak of the sscond wave, the level of TB confirmations a drop of

— 12% (95% CI - M to - 3) (n=-
followed though not signihcantly.

‘When the third wave
CI - 52 to — &) (n=— 173; 95% CI —

Pﬂhﬂ.cmcﬁrmedmesufm 1’!’“{-
— 221 to — 124). However, Iherrmea.gam'bfan aui:#n‘dﬁ{mﬂZStn

104; 95% CI - 183 to — 25). The declines persisted through the months that

68) monthly cases after the peak compared to the previos wave.
confirmations

At the peak of the fourth wave, TB
a5% CI - 193 go— dé}nnmrmdmllu

reduced once more by — 26% (95% CI - 92 to — 4) (n=— 16%
r pericd. The significant declines continued in the months afier the

peak reducing to monthly estimates lower than those chserved before the pandemic (Fig. 2).

Discussion
The regression

is showed that TB investigation and confirmations of cases at FHCs in £Thekowini were

— 20 (B5%

greatly affected by COVID-19 but to varying degrees. The largest declines for both indicators occurred dur-
ing the level-fve lockdown period. Comversely, the Ist peak of infection and the months that followed were
marked by substantial increasas in the monthly trends for both indicators. The following waves of infection had
heterogenons effects on the indicators though generally marked by substantial dedlines at the peaks. Lastly, the
confirmation of diagnosis was mare severely impacted by the pandemic recording decreases that persisted until
the end of the observation pericd.

Our resulis drastic declines of 40% and 45% for both TB detection indicators at the beginning of the
pandemic. These were similar to the redisction that was reported in Uganda (43%)* and slightly lower than the
md.l.l.cuumﬂrﬂ:immdb}' Mllmi{}?ji]"’.N’l&:rh{}lﬂ-}*, Brazil (26.4% )" and Fambia (37% ). The reasons
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for the declines were similar, namely. mitigation measures placed restrictions on non-essential travel, and fear of
contracting the virus was also heightened during this period which limited the use of health facilities In China
and certain 55A countries the T case notifications began to rebound in the months to follow™™ ', Malawi and
Zambia even recording mdmxnumhmhﬂacﬂnbﬂ'nfmﬂmdwm] ru.-.]:ncuvdf""’
These increases were ei rarunltnfeﬂnrlsbfrufectﬂ: activities or
the relaxing of QOWVID-19 reated restrictions. Similarly, ul.l.r!l:.ldfa]sn Emlnﬂ'ﬂiubﬂhﬂmﬂ!ambepmm
rebound substantially afier the level fve lockdown was Bfied even returning to pre-pandemic bevels by September
2020 when the country moved to bevel | lockdown. This demonstrates the importance of maintaining sas= of
access to healthcare services during a health crisis and the need for corrective strategies in aress where access

was compromised.

Though there has been extensive documentation of the pandemics effects on TB detection® '%". These studies
mlimiirdtnlh:lnchdump:ﬁndmrlv:qfzwmd.luimcnmtdﬂndﬂr]umgmldmﬂmmnfﬂtm
demic on important TB service indicators™®. As such, many stisdies have drawn premature conchusions besed
mhm&rmaﬂﬁhiﬁ:mhm,ahﬂﬁmmﬁym;ﬁenpﬂw
in TB testing after the initial lockdown mdﬁn&zqnﬂmmqm]ﬂmwmm
incidence in the future™. Similarly, the dHﬂlhDrpnmmhsmpmudI]ntTEm:dmnSmh
ﬂ.ﬁ'u:a.rlunngmlﬂmdm]mnmﬂl:mpmfl: d lewvels™. Hi £, our study Is that in eThekwini

cmpmtmlaﬂf&:mn&mﬂm&mmmmmdnmdﬂnulhmmtmﬁ
mlwmﬁqﬂ&mm&:mm aﬂ'nchnd.“fzn:?nd:rl
of cazes to mirror the pattern of TE investigations given association with each other. This
drdmwmmﬁmddmmhﬂmuﬂ:mnrmd&dhmhmpmﬁbﬂty
for dizeasa surveillancs and transmission, ectively.

understand what caused the continued reduction of TB detection at PHCs during
E:D\".[D—]?mMmﬁecﬁdﬂmmﬂﬂnummﬁqnmmmﬂmmh
short term'”, this metric should be monitored to determine whether a true reduction in diagnosed TB took
place instrad of an increass in underreporting. Given that reduction in diagnoses was more exacerbated during
F&hm]?.mﬁqmnmlm“mbmcﬂtmeﬂd&umm
GenexpeﬂmEIFmdﬁnﬂ mrz])nrpnmd for COVID-195. Likewiss, and resources at PHCs may
have been overstretched at the time of COVID-19 surges leading to underreposting at facility level Both these
hypotheses would need to'be confirmed with qualitative studies at both PHCs and aharatories. Health systems
should be capable of providing quality care and positive health catcomes despite ongring bealth crises™. Failure
t:lmrnEmml]sepmd.mﬁcandpmhbrﬂiﬂ:mhﬂhhmminaddﬁunmiﬂmdfﬁngﬂmmrbﬂtmq

have been missed during the ic will have dire ¢ puences for TH sgement in South Africa.

The stady was not without limitations, firstly the data ussd was from the DHIS and therefore subject to human
error during the manual capturing. It is also possible that errors and missing data may have been amplified
Irg"ﬂmmsbuwghlnnbyﬂupnndﬂmnTn mﬂ:&hmmwﬂhmmdﬂhmﬂ
outliers were evduded from the analyses. Another Ji mr]:.:mcfa.lmgle-mmmﬂfmwhﬂ
hdﬂph&samtm]mmﬂmﬂnt mmhm&nmmdmd}'ﬂmﬁm
because COVID-19 i ﬁzmmm:nuuﬂﬂyﬁnmcﬂ:ﬂ
cansed the observed on the outcomes given the andd:m.cd:mg:r]nl.mnnd
with the various stages of COVID-19. Purthermore, the only investigated the of COVID-19 on TB
diagnosis and did oot consider the development of drug resistance or TB cutcomes which were also afected by
the pandemic.

Emmiﬁhmﬂrmlhmﬁammm}yﬁ.wﬁdiﬁehﬂwj-ﬂzﬂimmh]w
for estimating the effects of an on an outcome when mndomization is not -
mul ure periods s a robust illustration of the of COVID-19 on TH detection.

M&:;nmm?mMMMuurmE:mmmmmnma&
to determine the longitudinal impact of the mic oo these services. Both TE investigations and confrmed
cases of TB were negatively i h}-ﬂ:e frve lockdown, however, confirmed TE remained on the dedline
despite investigations rebonnding as the pandemic continued. The canses for the reductions remain unclear and
need to be investigated to strengthen diagnostics at PHCs both currently and for future pandemics.

Data availability

The datasets generated during and/or amalyzed during the current study are available from I]umsrmd.ina
authar upon reasonable request.
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Chapter 6 Manuscripts Addressing Objective 3

Following the evaluation of the impact of TB diagnostic services in Chapter Five, a quality
assessment of these services was conducted. This was done to establish the barriers and facilitators
to providing quality diagnostic services.

In chapter 6, two manuscripts are presented to address objective 3. The first manuscript presents
findings from a facility audit aimed at determining the barriers and enablers to providing quality
diagnostic services. The manuscript is titled: “Quality of TB diagnostic services at primary
healthcare clinics in eThekwini District, South Africa” and is being considered for publication by
the journal PLOS ONE. The second manuscript explored the quality of TB services from the
patients’ perspective and is titled: Quality of TB services at Primary healthcare clinics in
eThekwini District, South Africa: Patient perspectives. This manuscript has undergone an initial
round of revisions and is being considered for publication by the journal BMC Infectious

Diseases.
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Abstract

Overcoming the TB epidemic needs to move past expanding the coverage of healthcare services
and look to improve the quality of TB services. During COVID-19, the suboptimal state of TB
services has further deteriorated, and little is known about how these services have fared after the
pandemic. The study aims to reveal barriers and enablers to providing quality TB diagnostic
services in primary health care (PHC) clinics in the eThekwini district, South Africa. Twenty-one
clinics with the lowest and highest headcounts from each region of eThekwini were purposively
selected. An audit tool adapted from the United States Agency for International Development
(USAID) and the national TB guidelines was used to collect data on six different audit components.
To assess quality, a 3-point scale was used where clinics could get a rating of either excellent,
moderate, or poor performance. Descriptive statistics were employed to summarize and analyze
clinic scores in Stata v15.1. Additionally, associations between clinic scores and clinic
characteristics were investigated using Pearson’s pairwise correlation coefficient and a linear
regression model, where p < 0.05 was the measure of statistical significance. The audit found that
the quality of diagnostic services in eThekwini was moderate. The gaps that required addressing
were the lack of TB training among staff, adherence to infection prevention and control practices,
and contact screening. Without feasible solutions, these will hinder current TB management

strategies and slow progress toward ending the TB epidemic.
Keywords

Quality of care; Health services research; Diagnostic services; Tuberculosis
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Introduction

Low- and middle-income countries (LMICs) of sub-Saharan Africa and Asia are the most
burdened by Tuberculosis (TB). In 2021, South Africa formed part of the countries that made up
the largest global TB burden [1]. At the heart of the TB epidemic in South Africa is the high
prevalence of HIV within the population and the people who contract TB but are never diagnosed
[2]. In 2019, 32 000 people died from TB, of which 62% were HIV positive [3], and in 2021, 304
000 people contracted the illness while the number of deaths increased to 56 000 [4]. The lives of
so many people should not continue to be lost to a curable disease in which policies and
interventions are in place to assist with its control [5]. Therefore, it is time to investigate the quality

of care at facilities providing TB services in LMICs.

There is agreement that improving TB outcomes must go beyond increasing coverage of healthcare
services and shift towards improving the quality of TB care [6, 7]. Evidence shows that half of TB
deaths now occur as a result of poor quality rather than limited access to healthcare [8]. Findings
like these have prompted a report by the Lancet Global Health Commission, which states that
providing healthcare services without the base level of quality is unethical, wasteful, and
ineffective [9]. The quality of TB care has been assessed in several countries, and the results
revealed suboptimal TB care in both the public and the private sectors [10-14]. Similar studies
from South Africa that used standardized patients to measure quality showed better TB
management than in other countries. However, there was still sub-optimal management of HIV
during TB screenings [10, 11]. This is concerning for a country that has integrated TB and HIV

services as a means to manage the high HIV, TB, and HIV-TB coinfection prevalence [15].
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COVID-19 has further complicated the provision of essential TB care in high-burden countries
[16]. During the initial stages of COVID-19, access to TB services was limited due to the
introduction of lockdowns and the diversion of resources to help manage the spread of SARS-
CoV-2 [17]. This reduced the case detection in TB-endemic countries like South Africa, wherein
TB detection dropped by 26% in 2020 compared to 2019 [16]. Subsequently, the reduction in the
number of people diagnosed with TB has also increased TB mortality [16]. The ambitious targets
the United Nations (UN) and the World Health Organization (WHO) set to eradicate TB are now
out of reach [18, 19]. Rapid restoration of TB services and the scale-up of case detection will play
a vital role in getting TB goals back on track, but this would be futile without ensuring quality

services at facilities offering care.

Although South Africa has implemented continuous quality improvement to consistently assess
the performance of TB and HIV services [20, 21], to our knowledge, no assessments of TB services
have been published since the start of the COVID-19 pandemic. For this reason, the study aimed
to assess the barriers and facilitators to providing quality TB diagnostic services at primary
healthcare clinics in the eThekwini district, South Africa. A study of this nature would reveal the

barriers that will guide targeted implementation strategies aimed at quality improvement.

Methods

Study design

A facility audit focused on the quality of TB diagnostic services was conducted at PHCs. An audit
allowed us to gain insight into the availability and functionality of the diagnostic resources at the
clinics [22]. This study forms part of a larger study that seeks to improve TB diagnostic services

at PHCs during pandemics and similar situations [23].
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Study setting

The study was undertaken in eThekwini, the largest metropolis in the province of Kwa-Zulu Natal,
South Africa. The area is divided into four municipal functional planning regions: the North,
South, Central, and Outer West [24]. The population of eThekwini is estimated at 3.9 million, of
which the majority reside in the southern region [24]. A key health challenge within the region is
the low life expectancy due to high disease prevalence, including TB [25]. The frontline to
healthcare services in South Africa are PHCs. eThekwini currently has 113 clinics administered

through the local authority or provincial government.

Study population and sampling

The study took place at clinics that offered TB diagnostic and treatment services. The clinics were
selected from the four municipal planning regions used in eThekwini [24]. Twenty-one clinics
were purposively selected based on patient headcount; each region included clinics with both a
small and a large headcount. Six clinics were chosen from the southern and central regions, five

from the northern region, and four from the western region.

Data collection tool and scoring guide

An audit assessment tool developed by MEASURE evaluation was used to collect data on TB
diagnostic services in eThekwini [26]. The tool was adapted to focus on the diagnostic aspect of
TB services and also represented the priorities set by South Africa’s National Department of
Health (NDoH) (S1 File) [27]. The tool assessed six key components: TB diagnosis and
management, HIV-TB integration, TB documents and guidelines, specimen management,

infection, prevention and control (IPC), and TB training.
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The responses on the audit tool were either “yes” or “no,” where “yes” was coded as “1” and “no”
as 0. The resulting ‘yes’ responses were totaled and converted to percentages for every component.
The overall facility scores were determined by averaging the percentages from each audit
component. The performance was determined using three cut-off points, scores of between 85%-
100% signified excellent performance, those between 50%-84% were moderate, and scores lower

than 50% represented poor performance.

Data collection procedure

The facility audits took place over three months from January to March 2023. The audit team
comprised the primary investigator (PI), clinic managers, and a TB nurse from each audited
facility. The Pl explained the components of the audit tool to the clinic's respective members. Then,
each clinic representative answered the questions on the checklist and showed the PI various items
as dictated by the audit checklist. To ensure the audit's efficiency, staff members were notified of

the purposes of the audit before the clinic visit.

Pre-test

Before conducting the study, the data collection tool was pre-tested at one facility that was not

included. The tool was then adapted based on the outcome of the piloting exercise.

Data analysis

Data were collected manually at respective clinics before being entered into an Excel spreadsheet,
where it was cleaned and validated. Once clean, data were exported into Stata version 15.1 for
analysis [28]. To estimate the frequencies and the 95% confidence intervals for overall audit scores
and respective audit components, the t-test was used. To compare the statistical differences in the
performance of the audited clinics by region, a one-way Analysis of Variance (ANOVA) was
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conducted and adjusted for multiple comparisons using Tukey’s post-estimation test, where p <
0.05 was significant. The association between the audit scores and clinic characteristics was
determined using Pearson’s pairwise correlation coefficient, p <0.05, as a measure of significance.
Variables were then subjected to a linear regression, which used R? to measure the goodness-of-

fit and p < 0.05 for statistical significance.
Ethical considerations

All methods were carried out in accordance with the declaration of Helsinki and the South African
POPIA Act. This study received ethical approval from the University of Pretoria’s Health Sciences
Research Ethics Committee Reference number 652/2021. Further approvals were obtained from
the KwaZulu Natal Department of Health (Ref: KZ_ 202112 012) and the eThekwini
Municipality’s Health Unit. Anonymous patient data were extracted and aggregated for this study;
thus, informed consent from patients was waived by the University of Pretoria’s Health Sciences
Research Ethics Committee. Written consent was provided by the clinic staff who participated in

the audit.

Results

Characteristics of audited clinics

A total of 21 PHCs were audited from the eThekwini district, South Africa, over three months
between January to March 2023. Five clinics were audited from the northern region, six from the
southern and central regions, and four from the western region. Eight out of the 21 audited clinics

were administered by the provincial government and the remaining 13 were issued by the local
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municipal government. Eighteen facilities provided TB-related services from Monday to Friday,
one from Monday to Saturday, and only two reported providing these services from Monday to
Sunday. Fourteen clinics indicated that TB screening was conducted in all consultation rooms
within the facility, one clinic had TB services at three points, two clinics provided these services
in two areas, and five clinics provided TB services at a single service point. The average quarterly
headcount of the clinics ranged between 9 755+2 578 and 21 405+ 9 075 patients among the four
regions, while the number of people screened for TB varied between 9 213 + 2 454 and 18 385 +

7 924. A detailed description of the audited clinics is found in Table 1.

Table 1 Characteristics of the audited PHCs within eThekwini district, South Africa, + represents the
standard deviations.

Region | No. of No. of Days per week, TB- Patient Patients
municipal | provincial | TB services are related headcount screened for
clinics clinics available service (Quarterly) TB symptoms

points (Quarterly)

North 5 0 Monday-Friday One and 9 755 + 2578 9213+2454

all points
Monday-Friday One,
Monday-Saturday | three, and

South 1 5 Monday-Sunday all points | 21405+9075 | 18385+ 7 924

Central 3 3 Monday-Friday Two and 19208 +10859 | 16 564 + 8540

all points

West 4 0 Monday- Friday One, two, | 13 350 +5 087 12590+ 5731

and all
points

Audit scores for facilities in eThekwini District, South Africa

Based on the criterion applied to this research, the results from the audited clinics show individual
ratings that range between moderate 64.1% (95% CI: 16.0%-112.3%) and excellent 97.6% (95%
Cl:91.6%-103.6%) Table 2. Nine out of the 21 clinics scored excellently, and the remaining 12

performed moderately (Table 2). Clinics in the west were the only ones to achieve an excellent
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rating with a combined score of 94.1%, and conversely, facilities in the central region had the
lowest performance at 75.8%; moreover, the difference in scores between these two regions was

statistically different (p < 0.05). Clinics of the southern and northern regions shared similar scores

of 78.1% and 79.3%, respectively (Fig 1).

eThekwini PHCs audit scores by region

120
94,1
100 78,1
. 79,3 75,9
S 80
:
§ 60
._*g
=z 40
20
0
Western Southern Northern Central
Region

Fig 1 Audit scores for TB diagnostic service at PHCs in eThekwini by region, where error bars represent
95% confidence intervals
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Table 2 Individual audit scores and ratings for PHCs in the eThekwini district

Audit Components (%o)

89

Infection . Integration of | TB diagnosis Overall .
Prevention Specimen Do_curr_ments & TB training | TB/HIV & percentage per Clu_’uc
& Control management | guidelines services management gllgnc (95% rating
South 1 86 100 100 100 100 50 | 89.3 (68.2-110.3) | Excellent
South 2 71 75 57 100 100 40 | 73.8 (48.9-98.6) Moderate
- South 3 71 100 14 0 100 100 | 64.1(16.0-112.3) | Moderate
A=) South 4 86 75 57 0 100 83 | 66.8 (29.4-104.2) | Moderate
? South 5 93 100 86 100 100 100 | 96.5 (89.4-104.9) | Moderate
3 South 6 86 100 100 0 100 83 | 78.1(37.1-119.1) | Moderate
o] Central 1 57 75 100 100 100 83 | 85.8 (67.3-104.3) | Excellent
% Central 2 71 100 86 100 100 67 | 87.3(71.3-103.3) | Excellent
% Central 3 61 75 86 0 100 60 | 63.6 (27.2-100.0) | Moderate
5_ Central 4 64 100 100 0 100 100 | 77.3 (34.7-119.8) | Moderate
8 Central 5 86 100 100 0 20 100 | 67.6 (19.9-115.3) | Moderate
§ Central 6 71 100 86 0 100 83 | 73.3(33.9-112.7) | Moderate
E West 1 64 100 100 100 100 83 | 91.1(75.4-106.8) | Excellent
C—L; West 2 71 100 100 100 100 100 | 95.1 (82.7-107.5) | Excellent
_g West 3 86 100 100 100 100 100 | 97.6 (91.6-103.6) | Excellent
> West 4 86 100 86 100 100 83 | 92.5 (83.8-101.1) | Excellent
2 North 1 79 100 71 100 100 50 | 83.3 (61.7-104.9) | Moderate
- North 2 79 100 85 100 100 50 | 85.6 (65.0-106.3) | Excellent
North 3 71 100 75 100 100 67 | 78.3(59.6-97.0) | Moderate
North 4 71 100 86 100 20 75 | 75.3 (44.1-106.5) | Moderate




North 5 64 100 86 100 50 | 66.6 (26.4-106.8) | Moderate
% per

component 74.9 (70.3- 95.2 (90.6- 83.8 (74.3-93.3) 61.9 (37.5- 92.3(81.4-103.3) | 76.5 (67.3-85.7)

(95% Cl) 79.5) 99.8) 82.1)
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Performance by individual audit component

The consolidated scores for each component were determined by averaging the scores from the
respective components for all clinics in Table 2. The resulting scores for components: specimen
management, integration of HIV/TB services, TB policies and guidelines, TB diagnosis and
management, Infection, prevention and control, and TB training; are depicted in Fig 2. The audited
clinics showed excellent performance for specimen management and integration of HIV/TB
services, with 95.2% (95% CI: 90.6-99.8) and 92.3% (95% CI:81.4-103.3), respectively. The
remaining audit components performed moderately; TB training had the lowest score of 61.9%
(95% ClI: 37.5-82.1). The performance of TB training was significantly different from specimen

management, TB documents and guidelines, and integration of TB/HIV services, respectively (p

<0.05)
Individual component scores
120
95,2 92,3
100 838
76,5
9 74.9 619
=~ 80
g
2
E 60
=
S
2,
E 40
)
o
20
0
Specimen Integration of TB documents and TB diagnosis and Infection, TB training
management HIV/TB services guidelines management prevention and

control
Audit Components

Fig 2 Averages for each audited component of TB diagnostic services in eThekwini, 95% confidence
intervals shown with error bars.
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Specimen management

This was the best-performing component among all clinics with a total score of 95.2% (95% ClI:
90.6-99.8). Only the Southern and Central regions failed to achieve a score of 100% compliance
each with two clinics that scored a 75%. Four clinics could not locate their standard operating
procedures (SOPs) for specimen collection. All clinics were compliant in the other areas of
specimen management in which sputum was stored under the correct conditions and collected

from each facility at least once daily.

Integration of TB/HIV services

This service area recorded the second-highest score at 92.3% (95% CI: 81.4-103.3). Every clinic,
except two, received a perfect score of 100% for integrating TB/HIV services. All the compliant
clinics provided HIV tests to all TB patients and appropriately managed all patients with HIV/TB
co-infection according to the national guidelines. One of the clinics that did not fully comply had
an HIV/TB coinfected patient who was receiving antiretroviral therapy (ART) from a private
doctor. The other non-compliant clinic had a TB patient who was a defaulter and not receiving

any HIV care because they still required a referral letter from their previous facility.

TB diagnosis and management

This audit component earned a moderate score of 76.5% (95% CI: 67.3-85.7). Individual clinic
scores ranged from 40% to 100%. The western region was the only one that excelled, with a
combined score of 91.5%. The shortcomings of this component were turnaround time for gene
Xpert results and the lack of identifying and screening close contacts of those with active TB.
Twelve clinics failed to meet the <48h turnaround time for Gene Xpert results; however, Labtrak

results were returned in less than 24h, but these facilities received them after three days. The
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other nine clinics returned TB test results within 2 days. Eight facilities failed to identify and
screen contacts of patients who had tested TB positive because patients either provided the
wrong contact details or failed to give any contact information. All clinics were compliant with
using Gene Xpert to diagnose patients, initiating treatment promptly, and investigating the

progression of the disease using acid-fast bacillus testing.

Infection prevention and control (IPC)

IPC achieved the second-lowest rating with a score of 74.9% (95% CI: 70.3-79.5). Individual
clinic scores ranged from 61% to 93%. The most prominent causes for concern were patient
waiting areas and the failure by presumptive TB patients and TB nurses to wear surgical masks
and N-95 respirators, respectively. Eleven clinics had waiting areas that were small, congested,
and lacked adequate ventilation; the waiting areas in the other ten clinics were either outside or
had access to fresh air through open windows and doors. Similarly, eleven clinics did not require
presumptive TB patients to wear surgical masks. However, ten did supply surgical masks to
coughing patients when masks were available. The remaining ten clinics required all patients
entering the facility to wear masks. Only one clinic had a TB nurse who wore an N-95 respirator
during patient consultations. Nurses at the other twenty clinics either had no access to N-95
respirators due to stockouts, opted for surgical masks instead, or wore nothing due to the heat
and discomfort of wearing a mask. On the other hand, all clinics had a designated coughing area
away from other patients, with two clinics having a formal coughing booth with a filtration
system. Moreover, all but one clinic separated coughing patients and fast-tracked them for TB

evaluation.

TB documents and guidelines
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This audit component earned a moderate score of 83.8% (95% CI: 74.3-93.3). Eight clinics
achieved a score of 100%, most of those coming from the western and central regions. The
remaining 13 clinics had scores ranging from 14% to 86%. Diagnosis and screening flowcharts
and TB posters were notably missing from many clinics. Twelve clinics stated that moving
between different consultation rooms was the main reason for the misplaced documentation.
Another clinic had a wing under construction during the audit, resulting in many misplaced
items, including TB documents. Conversely, all but one clinic had copies of the relevant TB
guidelines, and every clinic had either a manual or electronic method of reporting diagnosed TB

Cases.

TB training

TB training was the audit component with the lowest score of 61.9% (95% CI: 37.5-82.1) among
all the audited clinics. The western region was the only region that scored 100% in this area,
while the central region scored the lowest with only 40%. Eight clinics indicated no staff had
received new TB training in the previous 24 months. The two reasons for this were the high staff
turnover rate and staff shortages that made it difficult for nurses to leave work to attend offsite
training. The remaining 12 clinics had a perfect score (100%) in this area. The TB training
received was broad covering topics like the TB cascade of care, up-and-coming diagnostic tools,

and loss to follow-up.

Relationship between clinic characteristics and audit scores

The association between the audit scores and the clinic characteristics (TB headcount and number
of TB patients screened) was investigated. The results showed a weak to moderate correlation

between component scores and clinic characteristics with no statistical significance (p > 0.05).
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Assessing the association between region audit scores and clinic characteristics turned up similar
results, showing that the numbers of screened patients and clinic headcount were not significantly
associated with the audit scores achieved by each region, respectively. Similarly, a linear
regression of these variables revealed no relationship between the selected clinic characteristics

and the component scores, with R-squared values of less than 1% and no statistical significance.

Discussion

Facility audits in four different regions of eThekwini were conducted to assess barriers and
enablers to providing quality TB diagnostic services at PHCs. The clinic ratings by region were
primarily moderate, with only the western region securing an excellent overall score. Moreover,
scores obtained by the highest and lowest-performing regions were significantly different from
each other. However, no statistically significant relationships were established between audit
scores and clinic characteristics. Assessment of individual component scores showed specimen
management and the integration of TB/HIV services to have the highest scores. On the contrary,
IPC and TB training had the lowest scores. Other notable areas of concern were times for reporting

Xpert results and failing to identify and screen close contacts of TB patients.

To our knowledge, no studies from South Africa have looked at the quality of TB services since
the COVID-19 pandemic. The audit showed that specimen management was the component that
received the highest score. This is good because mishandling and improper storage of sputum can
affect its quality, leading to incorrect diagnoses. Some of our study findings were congruent with
those from another audit conducted in South Africa, which reported HIV counseling and testing
for TB patients as one of the highest audit scores [21]. Integrating HIV/TB services at public

healthcare facilities is relatively new to the country. It has experienced implementation challenges
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in the past [29, 30], which led to missed opportunities to care for TB patients appropriately [31].
As such, we did not anticipate this area performing well; however, the targeted quality
improvement interventions that have been trialed at PHCs in recent years may be the reason for

the high quality of HIV/TB services found in this study [20].

Our study also identified areas of weaker compliance with national standards. Similar research has
shown that poor adherence to TB guidelines is often linked to high work volumes [21]. In contrast,
our findings showed no associations between the number of patients seen and the audit scores
obtained. However, findings from Ethiopia and South Africa were comparable to ours in that high
staff turnover formed reasons for the lack of recent training among staff [30, 32]. Ironically,
continuous education can be an effective tool for improving the quality of TB services [31].
Adequate training has been linked to better implementation of IPC measures, another barrier to
quality identified by this study [33]. Although many facilities adhered to WHO IPC standards by
triaging coughing patients and separating them from others [34], we also found that clinic
infrastructure resulted in overcrowded waiting areas and inadequate ventilation, moreover, there
was a poor supply of masks/respirators which led to limited mask use. The same challenges
burdened health systems during the COVID-19 pandemic [35, 36]. Poorly implemented IPC
measures depleted healthcare workers and perpetuated nosocomial infections [37]. Therefore,
addressing these IPC challenges serves a dual purpose of improving TB control efforts and

strengthening pandemic preparedness.

A cornerstone of the end TB strategy by the WHO is early diagnosis and treatment initiation [18].
Our findings showed potential barriers to both, specifically through Xpert turnaround time and
failure to identify and screen close contacts of TB patients. In South Africa, the introduction of

Xpert for TB diagnosis has increased the detection of TB by providing results in less than two
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hours [38], however, its placement at centralized laboratories delays treatment initiation by
returning results to the clinics after several days [21, 39]. This was also true for our results. To this
end, the National Health Laboratory Services has introduced automated text messages for
presumptive TB patients for faster linkage to care [40], however, this is still in its infancy and has
had limited success as of February 2023 [4]. Thus, improving the quality of care needs to look at
optimizing the current strategies by working toward delivering same-day diagnosis at the point of
care. Indeed, prompt diagnosis reduces the development of more severe forms of TB and curbs
community transmission likewise rapidly detecting close contacts of TB patients can also reduce
the potential for community transmission. However, our findings identified this as another barrier
to the quality of TB care. Contact tracing is known to be poorly implemented in resource-limited
settings [18, 41] but, is a better approach than passive case finding for managing TB [42]. Thus, it

requires optimization at PHCs where uptake is mediocre at best.

The study was not without limitations. To assess TB diagnosis and management as well as
integration of TB/HIV service a random patient file from each facility was chosen. The number of
files was small compared to the volume of patients seen by these facilities and may not be a true
reflection of the two audit components and thus cannot be generalized to the rest of the PHCs in
eThekwini. Therefore, a larger study investigating these two parameters would be able to yield
more precise estimates. Moreover, while we reported on the high quality of HIV/TB integration
services our research only accounted for patients receiving TB care which means the HIV program

could be missing opportunities to screen and test presumptive TB cases.

Recommendations

Some of the main barriers to providing quality TB care were the need for recent health education

on TB among staff, better adherence to IPC measures, turnaround time for results, and contact
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tracing; based on those we recommend the following: Equipping all staff members working at
clinics with TB training so to maintain trained staff. To this end, training can be used to reinforce
IPC practices. However, the training should include practical aspects to address the know-do gap.
In many cases, the nurses in our study knew the importance of wearing N-95 respirators but did
not use them. Furthermore, all patients at PHCs should be mandated to wear masks. This is an
effective way of preventing nosocomial infections. COVID-19 has already set a precedent for this
and should be leveraged by all health facilities. This would also remove the financial burden from
the health system to provide masks for presumptive TB cases, and these funds could be reallocated
to purchasing N-95 respirators instead. Moreover, making all patients wear masks will remove any
feelings of stigma and discrimination that TB patients may experience. Facilities should use natural
ventilation by opening windows and doors. This is an inexpensive way of disrupting the TB
transmission cycle by introducing airflow into overcrowded facilities. Using natural airflow over
mechanical ventilation is also advantageous, as the country is regularly experiencing scheduled
blackouts that would not always make mechanical ventilation possible. Since COVID-19 ignited
the development of novel diagnostic tools, similar efforts should be used to develop a true point-
of-care test for TB that would make same-day treatment initiation possible. Authors from Malawi
have explored patient-delivered screening interventions for improving contact tracing and
initiation of preventative therapy [43]. Similar interventions should be examined for the South
African context to assist with the low uptake of contact screening at clinics. Lastly, continuous
quality assessments at PHCs should continue to determine areas that need to be addressed and

establish the efficiency of any practices that have been newly implemented.
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Conclusion

We found that the overall quality of TB diagnostic services was moderate throughout PHCs in the
eThekwini district. While specimen management and integration of HIV/TB services excelled,
some IPC measures, TB training, reporting of results, and contact tracing, performed poorly. These
underperforming areas have the potential to undermine TB management strategies that are
currently in place and therefore will need to be adequately addressed to continue making progress
in the fight against TB especially in light of the COVID-19 pandemic that has slowed down many

of the gains achieved in recent years.
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Abstract

Ambitious efforts to diagnose and treat Tuberculosis (TB) are required to reduce the burden of disease in
low-resource settings, particularly in South Africa, where TB is highly prevalent. Quality of care is now
recognized as the missing piece in TB management, though few studies have sought to understand it from
a user perspective, especially in South Africa. Our study, therefore, aimed to explore the quality of TB
services at clinics in the eThekwini district from the patients' perspectives. The study utilized a qualitative
research design. Ten purposively selected patients receiving TB treatment at different primary healthcare
clinics (PHCs) in eThekwini were interviewed. The interviews were transcribed, translated and coded,
followed by a thematic analysis. We found that patients were unaware of TB symptoms, making them
present later to health facilities. Moreover, patients identified that long queues at patient registration,
negative staff attitudes, and drug stockouts were significant obstacles to the quality of TB services.
Nevertheless, they noted that the patient-centered approach adopted by TB staff enhanced the quality of
services delivered. The results suggest that solutions should improve patient flow at clinics and strengthen
monitoring systems that report stockouts. The reasons for the differences in the care staff provide at different
facilities should also be explored and addressed to ensure that every clinic in eThekwini delivers high-

quality care to its patients.

Keywords

Quality of care; health services research; qualitative research; South Africa; Patient perspective;

Tuberculosis
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Background

Tuberculosis (TB) is an infectious disease that affects a quarter of the globe’s population [1]. In 2021, 10.6
million people developed the illness, representing a 4.6% increase from the previous year [1]. The rise in
TB incidence resulted from COVID-19 which disrupted TB health services in 2020 [2]. TB diagnosis and
treatment initiation were services that were disproportionately impacted in many high-burden countries [2,
3]. As a consequence, TB mortality has increased for the first time in over a decade, reflecting a reversal in

the gains won in the fight against the disease [1].

Before the pandemic, progress in achieving TB goals resulted from joint efforts by the World Health
Organization (WHO) and the United Nations (UN) [4, 5]. In 2015, ambitious targets were set by the WHO
in line with the sustainable development goals (SDGs) to end TB by 2035 [4]. The fight to end the disease
was further boosted in 2018 when the United Nations High-Level Meeting (UNHLM) produced targets and
commitments for the end of 2022 [6]. By 2019, good progress had been made. However, some of the 2022
targets were not on track to be met [6]. In 2020, the pandemic greatly impacted access to TB care on both
the supply and the demand side [3]. Consequently, TB detection massively declined, slowing or reversing
many previously acquired gains [2]. Although some recovery has been made, TB detection has not yet
reached pre-pandemic levels [1]. To continue toward TB goals and ultimately conquer the epidemic,

interventions should strengthen areas of the health system that are known to be vulnerable.

Quality of care is identified as the “missing ingredient” in TB care and management [7, 8]. The failure to
maintain essential TB services during COVID-19 exposed what was already considered sub-optimum
quality of care [9]. As the Lancet Global Health Commission has highlighted, the TB community should
look beyond expanding coverage of crucial interventions but also provide high-quality health systems that
are tailored for each context through continuous provision of care that betters or maintains health by being
reliable and trusted by its users and by adapting to the populations’ changing needs [8]. TB management

has often neglected this patient-centered approach to healthcare delivery [10, 11]. However, it is impossible
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to produce desired health outcomes without accounting for the needs and experiences of the people who
use these systems. Considering users can lend itself to better retention in care, treatment adherence, and

public trust and, therefore, an area that demands attention [12].

Qualitative research is one way to assess the quality of TB care, and it is often done through in-depth
interviews, which helps gain insight into social issues [13]. While previous qualitative studies have
examined patient barriers to accessing healthcare [14-16], treatment adherence [17-19] and explored
provider perspectives [20], less work has been done on the quality of TB care from patients’ perspectives.
Reviews of quantitative and mixed-methods studies have been conducted to explore patient satisfaction and
user experience [11, 21]. However, qualitative studies assessing the quality of care from patient perspectives
were lacking in the literature, and none were from South Africa. For this reason, we wish to add to the
existing body of evidence by assessing the quality of TB services at primary healthcare clinics in eThekwini,
South Africa. This was done by exploring barriers and enablers to the quality of TB care from patients’
perspective. Improving the quality of TB services is crucial in a post-pandemic world; it can improve TB
case detection and treatment adherence downstream by gaining patients’ trust at the primary healthcare

clinics which serve as the first point of contact with the formal health system for many TB patients.

Methods

This study was conducted as part of a bigger research project titled: Towards development of a novel
approach for enhancement of TB diagnostic services during the pandemic: A case of primary health care

clinics in eThekwini district KwaZulu-Natal [22].

Research paradigm

The study applied an interpretive research paradigm to explore the quality of care from the perspectives of
the users of TB services. This approach attempts to understand the patient, their viewpoint, and their

interpretation of the quality of the service they receive at PHCs [23].
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Study design

An exploratory qualitative study design was used to explore user perspectives on TB services' quality at

PHC:s in eThekwini.

Study setting

PHCs are most South Africans' first contact with the public health system [24]. They offer a wide range of
routine services including voluntary testing and treatment services for drug-susceptible TB (DS-TB). TB
diagnosis mainly happens through passive case finding, where symptomatic individuals who present to
facilities are screened with the WHO’s four symptom screen [25]. TB samples are sent to centralized
laboratories that use Xpert MTB/RIF Ultra as the first-line diagnostic test. This real-time PCR assay
simultaneously detects the presence of Mycobacterium tuberculosis and rifampicin resistance [26]. Patients
with DS-TB and uncomplicated rifampicin-resistance are initiated on treatment and managed at PHCs. All

other drug-resistant forms are referred to and managed at district hospitals.

PHCs in South Africa’s eThekwini district were selected as the study location. eThekwini district is situated
in the province of KwaZulu Natal. The province has the highest burden of TB in the country with the
eThekwini district at the epicenter [27]. Both TB and HIV are the main causes of years of life lost among
the population [24]. Therefore, patients diagnosed and receiving TB treatment at PHCs in the eThekwini

district were recruited for the study.

Study sample and recruitment

The in-depth interviews were conducted following an audit of the quality of the TB services at 21 clinics
in eThekwini [22]. One patient was purposively selected from each audited clinic until data saturation was
reached. Data saturation was determined to be the point at which no new codes and themes were generated.
For the current study, this occurred after ten interviews. A recent study found that data saturation can be
achieved with a sample size of 9-15 interviews if the population is relatively homogenous [28]. Our study

had a narrow aim and used a targeted population; thus, data saturation was reached after ten interviews.
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Only those participants who were already diagnosed and receiving treatment were selected for the study;
these individuals had spent enough time navigating the cascade of care and could, therefore, give robust
data. Participants who had not received a diagnosis or initiated treatment were excluded from the study. TB
patients arrived early at facilities to collect treatment from nurses. Following a consultation, the nurses were
asked to refer any patients who fit the inclusion criteria to the principal investigator (PI). The PI explained
the purpose of the study and took them through the informed consent form. All patients were asked to sign
a consent form upon agreeing to participate. A total of 14 patients were recruited, but four declined to

participate due to time constraints.

Data collection

Data collection occurred over three months from January 2023 to March 2023. The principal investigator,
who had previous experience with qualitative research, conducted in-person, in-depth interviews with TB
patients visiting PHCs in eThekwini. The interviews were conducted in a private area of the clinic where
patients could speak freely. Interview times ranged from 25 — 50 minutes. An interview guide was used to
generate data on patients’ experiences navigating the TB care cascade at PHCs (Additional File 1). The
interview guide was developed using the Lancet Commission’s high-quality health systems framework [8],
which was further adapted for measuring the quality of TB care [12]. The framework constitutes three
domains: health system foundations, processes of care and quality impacts (Table 1). The framework
stipulates that quality should be measured using processes of care and quality impacts and health system
foundations should be targeted with solutions. Therefore, the interview questions were semi-structured and
centered around the framework’s processes of care and quality impacts. All interviews were conducted in

the local language (isiZulu) and were audio-recorded with patients' permission.

110



Table 3 High-quality health systems framework

Components

Quality impacts
Confidence in health system e Use of health providers outside the public healthcare
system

e Time taken to report to public healthcare system

Processes of care
Competent care and systems e Time taken to receive diagnosis and initiate treatment.
e Availability of resources

Positive user experience e Patient perception on waiting times.
e Patient perception on provider attitudes, communication,
and information received

The table has been adapted from the Lancet’s commission framework for high-quality health systems [8, 12].

Data management

The audio-recorded interviews were transcribed verbatim by the PI. Once complete, the transcripts were
double-checked for quality purposes by listening to the recordings while reading them. The principal
investigator, proficient in isiZulu and English, translated all the transcripts into English. All transcripts were
stored in a password-protected laptop that could only be accessed by the authors of the study. Moreover,

personal identifying data were omitted from the transcripts to protect patient privacy.

Data analysis

A thematic analysis was conducted to manually analyze the data, as described by authors Braun and Clarke
[29]. Firstly, the PI (TD) familiarized herself with the transcripts by transcribing and translating all verbal
audio from the interviews. Initial codes were generated from the data set and then organized into themes

and sub-themes. Lastly, verbatim quotes were extracted from the data to support the findings.

Researcher characteristics and positionality

TD conducted the study’s data collection and analysis. TD is a black Zulu-speaking female with a master's
degree; she was receiving doctoral training in Public Health and was 30 years old at the time of the study.

She brought with her the insider-outsider experience to each interview; as a black person who grew up in
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the eThekwini district, she could use this to relate and connect better with the participants, who were all
black and around the same age. However, she has never had TB or, because of her middle-class positionality,
had to navigate the public health system care system. To put patients at ease and ensure they responded
honestly, they were informed that the researcher was not involved in their healthcare provision but was

attempting to understand their perspective on the quality of TB care to inform improved service provision.

Results

Ten patients were interviewed about their perspective on the quality of TB services at PHCs in eThekwini.
Fifty percent of the respondents were female, while the other 50% were male, with ages that ranged between
20-40 years old (mean: 30). Fifty percent of the patients were unemployed, and 40% had HIV. The
participants either had a high school (80%) or university-level education (20%). The time it took patients
to present to clinics for a TB test after noticing symptoms ranged between 2 weeks and 8 weeks with an

average time of 3.3 weeks. Table 2 provides the detailed characteristics of the interviewed TB patients.

Table 2 Demographic and clinical characteristics of participants included in the study.

PATIENT | GENDER | AGE | EMPLOYMENT | HIV LEVEL OF LENGTH OF

CODE STATUS STATUS | EDUCATION | TIME BEFORE
DIAGNOSIS

P#1 Female 20 unemployed Positive | High School | 4 weeks

P#2 Female 40 unemployed Positive | High School | 2 weeks

P#3 Male 31 employed Positive | High school 3 weeks

P#4 Female 31 employed Negative | University 2 weeks

P#5 Male 30 unemployed Positive | High School | 2 months

P#6 Male 37 unemployed Negative | High School | 4 weeks

P#7 Male 31 unemployed Negative | High School 3 weeks

P#8 Female 28 employed Negative | High School | 2 weeks
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P#9 Male 31 employed Negative | High school 3 weeks

P#10 Male 21 employed Negative | University 2 weeks

Patients' diagnostic seeking journey

Patients reported experiencing several symptoms before presenting to the clinics these included: weight

loss, shortness of breath, fatigue, loss of appetite, and night sweats.

“It was especially the weight loss, and then it was the loss of appetite and energy. Then it became
apparent that I had no energy, and that made me realize that I was sick on another level that's what made

me seek help.” #P2

Patients described self-medicating before presenting to the clinics. In certain instances, they believed their
symptoms to be flu-related, which they either treated with flu medication from a pharmacy or a private

doctor. The persistent nature of the cough finally prompted them to go to the clinic.

“Yes, I was sick for the entire December, but I wasn t paying any attention to it. I kept on going to buy
cough medicines and tablets at pharmacies and then I asked myself what kind of cough refuses to go
away, the medicines are running out, the tablets are running out maybe I should go to the clinic, that was

around January.” #P6

Notably, once patients presented to the clinics with their TB-related symptoms, they received appropriate

management and were swiftly started on treatment on the same day of their diagnosis.

“So, I arrived and went to register. They opened a file for me and then they said I should go to the TB side;
this was after I had checked my blood because my HIV results came out at the same time. Once they turned
out negative, they said the only thing left to check for was TB so I came to this side when I got here, they
said that I had the symptoms from what I was describing and then they asked me to take a cough sample

and they said that it would come back after four or five days. When the results came back after those
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stipulated days, they called me and told me to come to fetch my results. When I got there, they opened them,

and they were positive for TB and that day 1 started treatment.” #P9

The main themes and sub-themes that were identified as the barriers and enablers of TB services have been

listed in Figure 1.

Barriers
|
Front Shortages of TB Health Provider
administration Supplies attitudes
Wait time
Staff attitudes
ﬂ E
a
Enablers
TB program
Wait time
TB nurse attitudes
Information on TB

Figure 1 Barriers and enablers to quality TB services identified by patients.
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Barriers

Front administration

Wait times

Before consulting with a health professional patients must first register at the front of the clinics and collect
their files. Patients expressed discontentment with the amount of time they had to wait at the front of the
clinics. In certain instances, patients complained of staff socializing among themselves and being on their

phones instead of working which lengthened longer wait times.

“There are those who don't do their jobs properly they will make patients wait for instance what usually
happens in the front...the people in front should pay attention to the patients, fix those kinds of things. When
patients have arrived, they need to take care of them because in the end they say they are helping us, but
they are only helping themselves. Other times you’ll find that by the time you receive help, you are very
annoyed you’ll even want to leave. Sometimes you must make a fuss and complain before you get help, only

then will they help you or start moving quickly.” P#6

“But what I would complain about is that side (front of the clinic) is slow in terms of getting your file, you
can't just come here without your file so you could wait 30 minutes to an hour that side just to get your

file before coming to this side. That's the only thing I see as an issue.” P#9

However, some patients were fine with waiting long hours because they were aware that healthcare facilities

deal with a large patient load.

“I: So, you believe two hours is fast? P: Yes, yes, yes. It’s not bad because it’s not like you are first in line

you are in front of others in the queue you see” #P3

Administration staff attitudes
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Patients complained about the attitudes displayed by the staff at the front desk of the clinic. In certain
instances, staff members were rude and unwilling to expedite patients who believed themselves to be

severely ill.

“For instance, when I got here, I was very sick you could tell that I was in no condition to be waiting in line
I was supposed to get the help I needed and go home. When 1 first got here, I couldn 't even talk because of
the coughing. They just stared at me, so, I waited for a bit on the benches all the while I was coughing

uncontrollably” #P5

Shortages in TB medication

Patients shared frustrations with facilities running out of their TB treatment and believed that the staff were

not forthcoming about the reasons for these shortages.

“They tend to run out of pills... These are our lives, if they have explained to a person that these are the
pills that they should take, and that they must make sure to always take them all, you tell yourself that all
the pills have a specific role. So now when they don't give me all my pills and they tell me that it s okay, [
begin to doubt whether these pills work. So, I have come here and the pills that I came for are finished
which makes me think that I should have just continued drinking the ones I have at home because the pills

they gave me today I already have.” #P4

Health provider attitudes

Negative interactions with healthcare providers were experienced by some patients. Some believed that

their TB nurses were apathetic showing no regard for their concerns.

“I think the way that they assist us and our concerns mustn t be treated like they don t matter... They should
pay more attention to us the patients. They should listen to our needs, and let us meet each other halfway
in a way. It mustn t feel that just because you know more things than us then what we have to say doesn't

matter.” #P4
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One patient even described an instance where the results that would allow them to progress from the
intensive phase to the continuation phase not changing and how the TB nurse would not give a possible

explanation for this.

“Even now they havent explained once why my results won t change. They just told me that my results
aren't changing. When [ asked the nurse who usually helps me why my results won't change they just kept
quiet and did not explain the possible reasons for the lack of change and not knowing why my results were

not changing bothered me.” #P2

Enablers

TB program

Wait times

Although many patients complained about the wait times at the front of the clinic, they were happy with

the short wait times at the TB department.

“So, at the clinic, it's slow but here on the TB side things move quickly.” #P9

“It’s not bad because it'’s not like you are first in line you are behind others in the queue you see, because
as I speak to you, I'm about to be assisted and I don 't believe an hour has gone by since I have arrived...

Things move fast on this side.” #P3

There were instances of patients presenting to the clinics for the first time in critical condition and clinic

staff including the TB nurses made sure to attend to them urgently.

“I have never had to because the first time I came to the clinic I was not OK I was sick and using a
wheelchair so when I arrived things were expedited for me the sister fetched my file and card they would

be the one running around for me” P#2

Healthcare provider attitudes
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Although patients complained of the negative interactions with the staff at the front of the clinic, many
patients were happy and grateful for the level of service and care displayed by their TB nurses. They

believed the nurses to be attentive, patient, and concerned with their recovery process.

“They care especially here on the TB side, the way that they speak to you and how they treat you. You know
when you come in, she (nurse) doesn t even have to look at your file, she knows you which means she cares

about you and your wellbeing, she doesn t forget you.” #P9

“This nurse over here he works and he has no issue with explaining things, he even asks you if you
understood everything and allows you to ask questions so it’s easy when you receive help from him, by
following his instructions to see results because even with me if you saw what I looked like when I first got
here [ was about 30 something kilograms today that has changed it is about 60 something every time [

weigh myself meaning there is improvement and that’s because of that man in there.” #P3

Information on TB

Before their diagnosis patients admitted to having a rudimentary knowledge of the disease which they either
received from school or listening to the radio, however, believed that the nurses equipped them with relevant
TB information. The patients mentioned that nurses informed them on the length of TB treatment and the
behaviors that they should avoid while on treatment but the most helpful was information on treatment side

effects.

“I would say I had a basic knowledge of the disease, the things that I remember are from school... They
told me before I was initiated that I shouldn’t be surprised when my urine changes, my urine will change.
1 also shouldn’t be alarmed when time goes by, and my body starts to itch you see. They also said that |
shouldn 't be surprised after a while if | get pimples on my face or break out in a rash throughout my body.
Even with me, the pimple started around February but that wasn’t a surprise because it’s something that |
had been told about. My body did itch but not for long I just got pimples on my face. | would say the things

they told me helped me with what was to come.” #P7
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There was only one instance where a patient complained of the nurse not informing them about treatment

side effects but they noted that the nurse was forthcoming about the side effects when they came back to

query.

“What I noticed were the side effects from taking the pills. They should have told me that this is what to
expect, and then from there, I could categorize whether I have certain symptoms or not. I noticed side effects
but when I came back to query about them stating that strange things were happening to me, they told me
that those were side effects. I was wondering why the strange things were happening like my skin itching
24/7 even when [ scratch it. They told me it was because of the pills that I am taking, some people itch while
others swell, I also suffered from constipation and my pee was red, yeah these are things I didnt know that
1 just experienced so I came to ask about whether they were normal and I told it was because of the pills.”

#P6

Discussion

In the current study, patients identified the barriers and enablers to quality TB services at clinics in
eThekwini. A barrier to early diagnosis was patients seeking care in the private sector because they believed
their symptoms to be flu-related. Regarding quality of care, staff attitudes and wait times at file collection
and registration, treatment shortages and health worker attitudes were identified as factors impeding quality
care. On the other hand, the overall experience with the TB program at various facilities was highlighted as
an enabler. This included the TB provider attitudes, wait times, and the information on TB that the patients

received.

In many Low- and middle-income countries (LMICs), a lack of trust in public healthcare systems or having
to travel long distances to health facilities manifests itself in patients seeking private healthcare for TB
symptoms [12, 30-32]. Of the 47% of patients lost throughout the TB care cascade in South Africa, only
5% never receive a test, signaling that access does not impede diagnostic services [33]. This was congruent

with our findings that saw patients self-medicating or seeking out private healthcare providers from a belief
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that their symptoms were flu-related and would quickly resolve rather than difficulty accessing PHCs. This
misinterpretation of symptoms resulted in diagnostic delays that averaged 3.3 weeks. Misconceptions about
TB symptoms coincided with another study finding where patients admitted to having little knowledge of
the disease before their diagnoses. However, the reported diagnostic delays from our study were shorter
than in other settings [31, 34]. It has been recognized that same-day diagnosis and treatment using molecular
tests like Xpert MTB/RIF can assist in reducing diagnostic delays [26]. Nonetheless, this was not the reality
for the patients in this study, who waited several days to receive a diagnosis. Approximately 13% of patients
are lost to follow-up (LTFU) at this stage of the care cascade, which is partly due to patients not returning
for results [33]. Xpert MTB/RIF has been used in South Africa for over a decade; however, their position
at centralized laboratories greatly undermines their ability to provide same-day diagnosis [35]. Although
patients from this study were already within the continuum of care there is still a need to reduce diagnostic
delays by raising public awareness of TB symptoms and providing true point-of-care tests capable of
producing a diagnosis on a patient's initial visit. A true point-of-care test reduces diagnostic delays and the

economic burden of multiple clinic visits.

Lengthy wait times at health facilities are associated with patient dissatisfaction [36-38]. This factor was
recognized as a barrier to quality of care. However, rather than complaints about the generic waiting time,
patients expressly point to the delays experienced at card registration. This is because every patient must
first collect their file and, in many facilities, the lack of appointment and queue management systems leads
to overcrowding and long lines [39]. These systems have effectively reduced wait times in some South
African clinics [38]. Ideally, it has been stipulated that clinic visits in South Africa should not exceed 3
hours [39]. Notably, patients praised the speed at which they received care after this file registration. This
is likely because of efforts to reduce nosocomial TB infection in South Africa, which sees TB patients “fast-
tracked,” resulting in less time at facilities compared to other clinic goers [39]. Another South African study
found that the acceptability of TB services at clinics was higher than that of other services because they

were easier to navigate [40]. Despite this, some patients from our study were displeased with interactions
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with TB providers, which left them feeling unheard and disempowered. This type of apathy and failure
from healthcare providers to facilitate effective communication with patients has been linked to losses in
follow-up [41]. Healthcare workers must create conversational environments where patients can voice their
preferences and receive tailored care that achieves treatment success. Some nurses are already fostering this
kind of patient-centered care, as many patients in the study highlighted that TB nurses' treatment, respect,
and care were the best part of their TB journeys. Whether this positive user experience translates to better
outcomes or retention in care should be studied further. Furthermore, the cause for the discrepant care from
providers at various facilities should also be explored to improve and ensure quality services for all patients

in eThekwini.

Drug stockouts were another barrier identified in the study. These are common in South Africa [42, 43],
however, their occurrence reinforces negative perceptions and distrust in public healthcare [20]. These
sentiments were echoed by a patient who questioned the effectiveness of their treatment after receiving an
incomplete regimen without proper explanation. This lack of transparency undermines the quality of care
by breeding mistrust, moreover, the failure to provide the correct treatment exposes patients to drug
resistance, treatment interruptions, treatment failure, and possible death [43]. So beyond providing an
accurate diagnosis, facilities must also promptly initiate patients onto treatment and ensure an adequate
supply of medicines throughout a patient’s TB journey. To achieve this, facilities should identify the

weaknesses in their supply chain and implement robust monitoring and reporting systems.

A strength of the study was that it was conducted in a region of South Africa with a high TB burden to gain
an in-depth understanding of the quality of TB services from the patient’s perspective. Some limitations
were that provider perspectives were not considered, which may have given valuable insight into some
health system-related factors that enable or impede quality services. The study was isolated to one district
and may not be transferable to other settings. Since interviews were conducted at health facilities patients

may have been hesitant to share all their reservations about where they were still receiving treatment.
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Conclusion

The quality of TB services at primary healthcare clinics in eThekwini District, South Africa, is a critical

factor in the fight against TB. Patient perspectives provide valuable insights into the strengths and
weaknesses of these services. The study showed that knowledge of TB symptoms caused patients to present

later to health facilities. Moreover, patients identified several barriers hindering the quality of TB services
which include long wait times, negative provider attitudes, and shortages of TB drugs. These influence
treatment adherence, increases diagnostic delays, and LTFU. Interventions are needed to tackle these
barriers to improve case detection and retention in care to enhance the quality of care. Conversely, the
patient-centeredness and respect displayed by TB nurses and the short wait times at the TB department were
all enabling factors of quality. Whether this translates to better outcomes should be investigated and the

findings should be used to strengthen the quality of TB care for patients.
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Chapter 7 Manuscript Addressing Objective 4

Chapter 6 evaluated the quality of TB diagnostic services at PHCs using an audit and patient
interviews, which highlighted the areas that need improvement. In objective four, the challenges
that faced diagnostic services, specifically during the pandemic, are explored. This was done to
co-create an approach to improve these services for high-burden settings using a Nominal Group
Technique (NGT).

Thus, chapter 7 presents the methods and findings of the NGT. The chapter has been presented in
a manuscript format in line with the target journal. The manuscript is currently being considered
for publication by the journal Discover Health Systems under the title: “Enhancing TB diagnostic
services at primary healthcare clinics in the eThekwini district, South Africa, post-COVID-19: a

nominal group technique ”
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1. Abstract

The widespread disruption of Tuberculosis (TB) services due to the COVID-19 pandemic led to
significant reductions in TB detection in many high-disease-burden countries. This was true for
South Africa, which sustained the highest incidence of COVID-19 in Africa. Therefore, the
strengthening of the current diagnostic services is paramount for pandemic preparedness. This
study proposed an approach to enhance TB diagnostic services at primary healthcare clinics
(PHCs) in the eThekwini district, South Africa, through collaboration with TB stakeholders. An
online nominal group technique (NGT) was conducted in two phases; in the first phase, TB
stakeholders identified the barriers to diagnostic services during the COVID-19 pandemic. In
phase 2, solutions for the top five barriers were proposed. The most significant barriers identified
were the misdiagnosis of TB, financial difficulties, fear of contracting COVID-19, the neglect of
TB, and long waiting periods at PHCs. Seventeen strategies were proposed to overcome barriers.
Together, these strategies constitute the improved approach to diagnostic services. The strategies
included integrating TB and COVID-19 services, decentralizing TB testing to mobile clinics, the
use of Point-of-Care (POC) diagnostics, increasing PHC staff, universal mask-wearing, and use of
social media as an education platform for TB and emergent diseases. In conclusion, TB
stakeholders proposed sustainable holistic strengthening of TB diagnostic services at PHCs in
eThekwini. The solutions offered should be assessed for feasibility and implemented where

possible.
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2. Introduction

Resilience is a hallmark of a high-quality health system. It is marked by the capacity for and
response to crisis without disrupting essential functions and being amenable to change when
situations demand it.* The advent of the Coronavirus disease 2019 (COVID-19) caused significant
disruptions to health systems through the prioritization of health resources to pandemic response
at the global and national level.? The focus on the COVID-19 pandemic response was shown to be
detrimental to managing other epidemics, such as Tuberculosis (TB).? A survey by the Global
Fund to Fight Against AIDS, Tuberculosis, and Malaria showed that 78% of countries experienced
disruptions to their respective TB programs during COVID-19.2 South Africa was not immune to

these disruptions caused by the COVID-19 pandemic.

South Africa reported the highest COVID-19 incidence in Africa, accounting for 34% of the
continent’s cases.* This occurred while the country continued to grapple with the long-standing
TB epidemic. In 2021, 513 TB cases per 100 000 population were reported, making South Africa
one of the countries with the highest TB incidence globally.> The TB burden is closely linked to
the HIV epidemic. In 2021, the World Health Organization (WHQO) estimated that of 56 000 people
who died from TB in South Africa, 59% were TB-HIV co-infected.® The burden of both diseases
disproportionately affects the east coast provinces.? In the Kwa-Zulu Natal (KZN) province

notably, TB has been reported as one of the leading causes of death throughout all age groups.®

Early disease detection has been shown to have a positive impact on curbing community spread.”®
It is therefore concerning that TB detection in the KZN province began to decline between 2019
and 2020 because of the COVID-19 pandemic. In a recent study, we showed that the confirmed
TB cases in KZN’s eThekwini district sustained reductions throughout the pandemic with a slight
recovery.® This comes after the province had made marked strides toward improving TB incidence
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rates within the past decade.'® Therefore, in addition to catch-up plans, the holistic strengthening

of diagnostic services is required to continue progressing toward ending TB.

Since the disruptions by COVID-19, multiple strategies aimed at achieving the abovementioned
goals are in place. In South Africa, the government has launched its National Strategic Plan (NSP)
for 2023-2028, in which a detailed multi-sectoral approach to reduce barriers and improve access
to equitable TB, HIV, and ST services is presented.! To complement these plans, we collaborated
with key stakeholders to co-create an approach for enhancing TB diagnostic services at primary
healthcare clinics within the eThekwini district, using lessons learned from COVID-19. It is
anticipated that this approach can aid in delivering targeted context-specific solutions for
eThekwini and similarly affected high-burden regions. Furthermore, the implementation of the
proposed solutions can assist in the strengthening of PHCs for pandemics and analogous health

emergencies.

3. Methods

3.1 Study design

A nominal group technique (NGT) was employed; this is a structured group discussion that allows
participants to reach a consensus on a topic.'>'2 For this study, a stakeholder was defined as
someone with experience or expertise navigating TB diagnostic services at the PHC level. The
current study forms a part of a bigger research project.!* In the first phase of the study, we
conducted a geospatial analysis to map the geographic accessibility of TB diagnostic services in
the eThekwini district. In the second phase, the impact of COVID-19 on TB diagnostic services
was assessed.’ Phase 3 examined the barriers and enablers to providing quality diagnostic services.

The NGT formed the last phase of the study and was based on the findings from phase 2.
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3.2 Sampling and recruitment of participants

Eight stakeholders took part in the NGT. The literature has shown that member of between 5-12
are the most conducive for discussions and reaching consensus during NGTs.'2® These were
chosen at the primary investigator’s discretion as those who could contribute invaluable insight
and solutions to the issues facing TB diagnostic services during the COVID-19 pandemic.
Purposive criterion-based sampling was initially used. The participants were invited by email
which explained the purpose of the NGT. If a participant was unavailable or felt another individual

was better suited for the workshop, snowballing was used to recruit the recommended individual.
3.3 Data collection

Due to the varying locations of the participants and the inability of some to take time off work, the
discussion was conducted online using the Google Meet platform. The principal investigator and
a research assistant facilitated the NGT session, which was recorded. The different steps involved

in an NGT are depicted in Figure 1.
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1. Silent 2. Group

3. Group

4. Ranking of

Brainstorming Discussion Ideas

presentation

Figure 1 The four steps of an NGT
The Nominal group technique was conducted in two stages:

During the first phase, the meeting began with brief introductions from the attendees. Following
introductions, participants were requested to share barriers encountered when attempting to
provide TB diagnostic services during the COVID-19 pandemic at the PHC level. Next, the
members were given five minutes to privately brainstorm their ideas before each participant shared
them with the group. After every member had shared their ideas, the participants proceeded to
clarify and add more ideas. During the discussion, the research assistant categorized the ideas into
themes representing different barriers. The barriers were compiled into a Google form and
distributed to the participants to rank using a Likert scale that ranged from 1 (representing the least

severe) to 7 (representing the most severe).

In the second phase of the NGT, the stakeholders were presented with the top five barriers that
emerged after voting and asked to propose strategies for each. The same steps from the previous
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stage were followed, which began with the silent generation of ideas and concluded with the
ranking of ideas using a Likert scale. The strategies proposed were categorized according to the
headings that make up the Swiss Cheese Model for Ending TB.*® The model states that societal,

health system and personal factors must be concurrently addressed to end the TB epidemic.
3.4 Data management and analysis

The quantitative data that were generated during the ranking step of each phase were given a
priority score. This was done by adding the total votes for each barrier/strategy, respectively. The
qualitative data was analyzed using thematic content analysis, where the data from discussions

was inductively placed into themes.
3.5 Ethical consideration

This research was reviewed and approved by the University of Pretoria’s Faculty of Health
Sciences Research Ethics Committee, reference number 652/2021, and the Health Research and
Management unit of the KZN Department of Health (Ref No. KZ_202112 _012). All participants

gave written consent before participating in the NGT.

4. Results

4.1 Characteristics of the Participants

A total of 8 participants took part in the NGT. Seven participants (87.5%) were women, and one
(12.5%) was a man. The participants’ roles in TB services varied from patients to healthcare
providers, and to researchers. Two participants (25%) were TB patients, four were researchers

(50%) and two (25%) were nurses (Table 1).

Table 1. Characteristics of the study participants.
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Gender Age in | Occupation Role in TB services
years

Female 24 Health Science student End-user (Patient)

Male 33 Retail Assistant End-user (Patient)

Female 25 Junior researcher Health Researcher

Female 32 Post-doctoral researcher Researcher (Implementation
of point-of-care diagnostics)

Female 32 Post-doctoral researcher Researcher (TB therapeutics)

Female 33 Post-doctoral researcher Researcher (Implementation
of point-of-care diagnostics)

Female 32 Clinical Nurse Practitioner | Healthcare provider

Female 35 Professional Nurse Healthcare provider

4.2 Stakeholder perspectives on barriers to TB diagnostic services at PHCs during COVID-

19 pandemic

Stakeholders identified eight barriers to TB diagnostic services during the COVID-19 pandemic

(Figure 2). For each barrier, the voting score given by each participant were added to determine a

total score out of 56. The voting process recognized misdiagnosis of TB due to shared symptoms

with COVID-19 as the largest barrier, with a score of 48/56. Financial difficulties preventing

people from presenting to clinics and the fear of contracting COVID-19 infection at the health

facilities ranked as the second highest barriers, each with a score of 47/56. The neglect of TB due

to COVID-19 ranked fourth (46/56) and long wait times at health facilities were the fifth highest

barrier with a total score of 41/56. The stakeholders considered reduced awareness of symptoms
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as the least important barrier (39/56). This was followed by a long turnaround time to receive TB

test results (32/56).

Misdiagnoses

Fear of contracting COVID-19
Financial barriers

Neglect of TB

Long waiting periods

Understaffed labs

Barriers to TB diagnostic services

Long turnaround time

Reduced awareness of TB symptoms

o
[y
o

20 30 40
Ranking/Voting Score out of 56

[8)]
o

60

Figure 2 Barriers to TB diagnostic services in eThekwini during the COVID-19 pandemic

4.3 Development of the enhanced approach to TB diagnostic services during COVID-19

pandemic

4.3.1 Proposed strategies for TB diagnostic services

The stakeholders suggested 17 strategies for improving TB diagnostic services during the COVID-
19 pandemic. These strategies were based on the top five barriers. These form part of the improved
approach to diagnostic services. To determine the priority score for each strategy, we added the
scores from each vote to determine a total (out of 56). The scores were then converted to

percentages. The strategies and their priority scores are listed in Table 2. The presented strategies
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should constitute the enhanced approach for TB testing services in eThekwini. The scores can

determine which strategies to prioritize when implementing the approach.

To overcome the misdiagnosis of TB and COVID-19, the stakeholders voted dual testing and
screening as the most effective strategies, with scores of 89% and 82%, respectively. For
improving the neglect of TB services at the start of the pandemic, dual testing (92%) and learning
from the mistakes made during the pandemic (75%) received the highest votes. Increasing human
resources at clinics (95%) and decentralizing TB testing (77%) to communities through mobile
clinics were deemed the most important solutions for overcoming long waiting times. The
introduction of at-home POC tests (95%) and mobile clinics (89%) were voted the most important
strategies for alleviating financial barriers that were associated with visiting clinics during the start
of the pandemic. To overcome the fear of contracting COVID-19 infection at clinics, social media
was suggested as a platform that could be used to communicate about the safety of facilities and
address misinformation and stigma of both diseases (96%). The universal use of masks within the
clinics by nurses and patients was also voted an important strategy for overcoming the fear of

contracting COVID-19 infection (91%).
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Table 2. Strategies for improving TB diagnostic services and their priority scores.

No. of votes received
from 1-7

Proposed strategies for improving the top barriers Total Percentage
to TB diagnostic services during COVID-19 1=1low priority score/56 | (%)
7 = high priority
112 |3(4(5]|6]|7
Misdiagnosis of TB
Dual testing 2 |2 |4 |50 89
Dual screening 1 (4|3 ]46 82
Health education on TB symptoms for health providers | 1 2 |1 14 |45 80
Public awareness of TB symptoms 111 (112|345 80
Neglect of TB
Dual testing 2 |6 |52 92
Learn from mistakes made during COVID-19. 1 2 312 |42 75
Continuous TB training/education 1 2 |11]4 |40 71
Long wait times
Increase human resources 1 (1|6 |53 95
Mobile clinics 1|1 2 4 143 77
POC tests 1 2 |2 3 140 71
Wait time estimators 1 1 1 (4 (1140 71
Financial barriers
At home tests 1 (1|6 |53 95
Mobile clinics 1 1 6 | 50 89
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Address underlying poverty | | | | 5 | 3 | 1 | 45 80
Fear of getting COVID-19

(L:Josr(; ts)g;:ir;al]li ;?nef?)if rr:2t;joir5feminate information and > 16 |54 96
Universal mask use 2 |5 |51 91
Strengthening infection, prevention and control (IPC) 3 4 141 73
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4.3.2 Categorization of Strategies according to the Swiss Cheese model

The Swiss Cheese Model which was adapted for TB by Zimmer and Colleagues, acknowledges
that effective elimination of TB can only be achieved by targeting different levels of the disease.’®
Therefore, we grouped all the strategies and the barriers they address according to the three levels

(health system, societal and personal) that comprise the model (Table 3; Figure 3).
Health system

The following strategies enable the strengthening of health systems in various ways. First,
integrating COVID-19 and TB responses (screening and testing) would minimize misdiagnosis
and reduce the chances of “missing” a potential TB diagnosis. For the same purpose, healthcare
workers receiving continuous training, including identifying atypical TB symptoms, can mitigate
misdiagnosis. Second, strengthening infection prevention and control (IPC) measures can boost
public confidence in the safety of health facilities while preventing nosocomial infections. Finally,
point-of-care (POC) testing can help reduce waiting times by lowering the time spent inside the
facility. Likewise, decentralizing TB testing to mobile clinics or TB within the community can
also help reduce wait times by alleviating the workload of healthcare workers at facilities. It is also
important to create systems that inform patients of the expected waiting time so that they can make

informed decisions on whether to stay at a given PHC or seek help elsewhere.
Societal

Some of the strategies that were suggested for health system strengthening can be used to address
societal barriers. For instance, decentralizing TB testing to the communities through mobile clinics
can help to overcome financial barriers associated with accessing PHCs. Similarly, introducing at-

home TB tests (like those used for COVID-19) can bring healthcare to the patient’s doorstep.

142



Furthermore, the stakeholders acknowledged the social relief grants provided by the government
to alleviate the economic hardships introduced by COVID-19, however, they also emphasized a

need for long-term solutions to address poverty.

Personal

There were a few strategies related to personal aspects of TB management. Community awareness
campaigns/educating the public on TB symptoms can help empower patients to be advocates for
their health by requesting a TB test if they have TB symptoms. Moreover, TB awareness can
prompt patients to continue wearing masks even though they are no longer mandatory at many
PHCs in South Africa. Social media can be leveraged by disseminating educational content while

also being used to dispel misinformation that propagates stigma and unwarranted fear.

Table 3. Classification of strategies according to TB management aspect

Barriers and challenges Strategies/approaches TB management aspect
Misdiagnosis of TB Refresher TB training Health system
Health education on TB for Personal
communities
Dual screening Health system
Dual Testing Health system
Financial barriers Mobile testing clinics Societal
At home tests Societal
Address poverty Societal
Fear of contracting COVID- | Improve IPC at clinics Health system
19 at health facilities Universal mask wearing Personal/Health System
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Figure 3. Summary of the strategies and the different levels of TB management they address

5. Discussion

Our collaboration with TB stakeholders from a high-burden region of South Africa has enabled us
to co-create an approach for improving TB diagnostic services at primary healthcare clinics. The
approach was targeted at addressing the following challenges to efficient TB diagnostics service
delivery: misdiagnoses of TB with COVID-19, financial barriers, fear of contracting COVID-19
at clinics, and neglect of TB as well as long wait times at facilities. The proposed approach to
address the above barriers includes the following: combined screening and testing for both

diseases, deploying mobile clinics into communities, increasing staff at health facilities, use of
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POC tests both at clinics and at home, universal mask-wearing, and the use of social media as a

tool for health education. This approach is multifaceted, addressing several levels of TB.

TB detection was disproportionately affected by the pandemic, which was evidenced by the large
reduction in newly diagnosed people.l® One of the most widely reported reasons for these
decreases was the reduced patient attendance at health facilities due to fear of contracting COVID-
19.17-22 This fear of viral exposure at clinics was a key barrier to TB diagnostic services, as
presented by stakeholders in this study. In addition, financial constraints was another impediment
to accessing diagnostic services identified by the stakeholders. A report by the Stop TB partnership
echoed this finding, reporting that patients in various countries could not access care due to the
cost of transportation.?® A consequence of COVID-19 is that TB services were deprioritized as
healthcare workers and diagnostic platforms were reallocated to the COVID-19 response.?>? This
shift of focus to COVID-19 at the expense of TB was identified as an important barrier and also
likely caused TB to be misdiagnosed and presumed to be COVID-19 in certain instances. The
stakeholders from our study agreed that this was the biggest barrier facing diagnostic services.
This was also a problem in West Africa, where healthcare workers presumably labeled all coughs
as COVID-19.%° Together, these barriers have contributed to the reduction in TB detection
experienced during the COVID-19 pandemic, pointing to a need to strengthen these services for

similar health emergencies.

The consensus is that to continue making progress toward TB elimination goals and undo the
damage caused by COVID-19, an integrated approach is required that targets multiple aspects of
TB management.1>?1:2224 | jkewise, our findings proposed solutions for health-system, societal,
and personal factors of the disease. Health-system strengthening interventions are already

underway; a study from KZN, South Africa, showed that online training for integrating TB and

146



COVID-19 testing at various clinics was associated with increased TB testing and positivity
rates.?* Both training for healthcare workers (HCWs) and integrating TB and COVID-19 activities
were strategies proposed during the NGT for strengthening testing services. Capitalizing on digital
platforms can also assist in managing patient fears by disseminating relevant information on
diseases and dispelling misinformation. Dheda et al. have emphasized the need for digital
platforms to improve TB care through training and public education.?! These tools can equip
HCWs with best practices for managing respiratory diseases like COVID-19 and TB and help
combat associated public stigma.?* Therefore, online platforms should be considered for health

system strengthening.

Our study proposed decentralizing TB testing to mobile clinics and investing in at-home POC tests
to bring healthcare closer to the communities. This can alleviate the financial barriers associated
with seeking care. Community-based mobile clinics have demonstrated success in increasing TB
testing and reducing the time to treatment initiation in high-burden settings, particularly for high-
risk groups.?® Introducing alternative testing models not only increases case finding but also
accessibility to testing services — a vital factor during health emergencies. Moreover, these models
offer the added benefit of reducing foot traffic at clinics, which can alleviate wait times. This was
an additional barrier to diagnostic services identified by the study. The COVID-19 pandemic also
exposed economic vulnerabilities; these were heightened by lockdown measures resulting in the
loss of income for already vulnerable TB patients.?®?” Stakeholders from the studies noted that in
addition to making testing services readily accessible, social protections are required for TB

patients to prevent them from facing catastrophic costs.

It is imperative to integrate the strategies from this study in a cohesive manner to achieve a

synergistic impact on the strengthening of the healthcare system. Where possible, the strategies
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from this study should be piloted in high-burden settings and evaluated against routinely collected
TB data to assess whether they have improved TB service indicators and monitored long-term to

see impact on disease incidence.

The strength of the study was the use of an NGT, which provided a structured discussion that did
not allow any members to dominate the conversation but instead gave participants equal
opportunities to speak.?® In addition, the NGT enabled us to use insights from different
stakeholders to allow for a robust presentation of ideas from different perspectives, including those
of TB patients who are end users of these services. Discussions about healthcare provision that do
not involve the users of these services are unethical, thus stripping patients of the agency to provide
feedback to improve the care that they receive.?® A limitation of the study was that there were no
representatives from the diagnostic laboratories to share challenges from their perspective.
Furthermore, the NGT included the insight of young stakeholders, senior personnel from PHCs

may have yielded additional insight.
Conclusion

COVID-19 had a severe impact on TB detection. This study identified the barriers to diagnostic
services in a high-burden region of South Africa. The approach proposed to overcome these
barriers was multi-faceted, addressing different levels of TB management. To strengthen
diagnostic services, implementing this approach should be prioritized and the progress monitored

to assess its performance.
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Chapter 8 Synthesis: Summary, Discussion, Conclusion and Recommendations

Introduction

This chapter summarizes and discusses the study’s main findings based on the scoping review of
TB services during the COVID-19 pandemic, the GIS analysis of the accessibility of TB diagnostic
services, the pre-post quasi-experimental study assessing the impact of COVID-19 on TB
diagnostic services; the audit of the barriers and enablers to providing quality diagnostic services,
the qualitative study’s exploration of patient perspectives of the quality TB services, and the co-
creation workshop to enhance TB diagnostic services during the COVID-19 pandemic. The study’s
methodological strengths and limitations will also be discussed before presenting
recommendations for practice and future research.

Background

The end TB strategy by the World Health Organization (WHO) emphasizes early diagnosis,’
which is one of the TB management services that was severely compromised by the COVID-19
pandemic. During the first year of the COVID-19 pandemic, TB detection experienced reductions
of 18% compared to the previous year.™® This widened the gap between the estimated number of
people with disease and those who had been notified to respective TB programs.® These disruptions
to routine TB services were predicted to have the highest impact in high TB burden countries, such
as South Africa.?* 2" South Africa was also reported to have the highest incidence of COVID-19
in Africa.?® By the middle of the first year (2020), TB testing had decreased by 50% compared to
the year prior'8; these declines persisted with each wave of the pandemic.?® Therefore, to continue
making progress toward TB targets, the undiagnosed people would need to be reached and initiated
on treatment. For this purpose, a TB recovery plan has been implemented in South Africa.
However, the holistic strengthening of healthcare systems is also required so that they are resilient
against COVID-19 and analogous health emergencies. Therefore, in this study, we aimed to
develop a novel approach to enhance TB diagnostic services at primary healthcare clinics (PHCs)

for high TB burden settings.

Summary of key findings
This PhD utilized a mixed methods study approach to develop a novel approach to improve TB

diagnostic services in high-burden settings. This allowed triangulation and a more robust
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understanding of the phenomenon studied in this thesis. The main findings from the thesis have
been summarized in Table 1. The initial phase of the thesis consisted of a scoping review, which
mapped global the available evidence on TB services at the PHC level during COVID-19. The
scoping review revealed that TB services across the globe were impacted by the pandemic and
revealed research gaps to guide the research question addressed in this thesis. The following
themes emerged from the scoping review: consequences of the COVID-19 pandemic on TB
services; patient and provider experiences; recommendations and adaptations for TB services; and
implementing the recommendations. The inception of the pandemic brought on widespread
reductions in TB detection. Moreover, TB staff were redirected to COVID-19 response and PHC
facilities saw reduced patient attendance. During this period, patients could not access facilities
due to closures or other restrictions. The potential for exposure to the virus at health facilities also
acted as a deterrent. Likewise, healthcare workers (HCWSs) were afraid of treating cough-related
symptoms. These prolific effects prompted recommendations to adapt TB services. These
recommendations included: the use of telemedicine for medical triage, integration of COVID-19
and TB activities, multi-month dispensation of treatment, strengthening infection prevention and
control (IPC) at facilities, and providing COVID-19 training for staff. In some countries, these

adaptations to TB services were taken up.

Guided by the scoping review results, a geospatial analysis was conducted to determine the
accessibility of TB diagnostic services in the eThekwini district. The analysis showed that TB
diagnostic services were highly accessible, with 92.6% of the population capable of accessing a
diagnostic facility within 5km. The two regions of eThekwini with the highest accessibility were
predominantly urban and sub-urban. While the remaining two regions which were both
predominately rural, showed moderate accessibility. Of the population that resided in these remote
areas, 40.7% were located more than 5km from a clinic. The analysis also showed more TB cases
in urban and sub-urban regions compared to the predominately rural regions. Moreover, hospitals
in eThekwini were also highly accessible, with 98.4% located within a 30km radius of a PHC.
However, most hospitals are concentrated in one region of eThekwini showing poor spatial

distribution.

Following the GIS study, we conducted a pre-post quasi-experimental study, using an interrupted

time series analysis (ITSA), to determine the impact of the COVID-19 pandemic on TB services
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at primary healthcare in the eThekwini District. The results showed that TB investigations and the
confirmed number of cases decreased by 45% and 40% because of the lockdown period. In months
that followed both TB indicators rose considerably. The changes of the two indicators varied
throughout the pandemic, however, they were mostly marked by significant declines at the peaks
of infection. By the end of the observation period, the confirmed number of TB cases had sustained

the biggest impact, recording lower numbers than before the pandemic started.

In the next stage of the study, barriers and enablers to providing quality diagnostic services were
investigated through an audit of primary health facilities and by conducting patient interviews. The
audit showed that individual clinics achieved quality assessment scores ranging from moderate to
excellent. Scores from three of the four regions in eThekwini achieved moderate assessment scores
while only one received an excellent rating. The individual audit components specimen
management and integration of TB/HIV services received the highest scores. Conversely, the audit
components with the lowest scores were the refresher training among staff, IPC, Xpert turnaround
times (TAT), and contact tracing. The interviewed patients revealed that long wait times at the
registration point, staff attitudes, and drug stockouts were the barriers to receiving quality care. On
the other hand, they stated that the care they receive once they reach the TB department was

excellent from health worker attitudes to the information they provided on TB.

In the final phase of the study, an NGT was conducted guided by findings from the scoping review
and quasi-experimental study. The NGT aimed to explore the barriers to TB diagnostic services
during COVID-19 and propose an approach to enhance these services. The stakeholders from the
study identified the following as the most important barriers to TB diagnostic services during the
pandemic: misdiagnosis of TB; fear of COVID-19 exposures, financial barriers, neglect of TB,
and excessive wait times at PHCs. The stakeholders then agreed on strategies to overcome the
barriers. The strategies were elements of the novel approach and they included: dual TB/COVID-
19 management; providing decentralized testing through mobile units; strengthening IPC;
universal use of masks inside clinics; use of Point-of-Care (POC) tests; and leveraging social

media for disseminating relevant information on both diseases.
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Table 1 Summary of key findings and recommendations

Chapter 2

Article Title Donabedian Approach Key findings Recommendations
Component

Evidence of TB All The available Four themes emerged: More primary studies to
Services at evidence on TB 1 Consequences of COVID- understand the impact of
Primary services at the 19 pandemic on TB COVID-19 on TB services
Healthcare Level primary healthcare services Continued monitoring of TB
during COVID- level during COVID- e Reductionin TB services throughout the
19: A Scoping 19 was mapped using detection pandemic
Review the Arksey and e Reallocation of Implementing

O'Malley healthcare workers recommendations for regions

framework,% Levac
et al,3 and Joana
Briggs institute
guidelines®?

e Reduction in

patient attendance
2 Patient and provider
experiences

o Difficulty accessing
healthcare

e Reluctance/fear of
treating patients
presenting with

cough

e [Fear of contracting
COVID-19

e Need for nutritional
and financial

support for patients
3 Recommendations and
adaptations for TB
services during the
COVID-19
e Use of telemedicine

that had not done so
Active-case-finding efforts
for missed diagnoses
Investigate whether the
reduction in detection was a
result of reduced
transmission (due to non-
pharmaceutical measures)
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4

e Sample collections
to be conducted at
home

e Integrating
COVID-19 and TB
screening

e Dispensation of TB
medicine for
several months

e COVID-19 training
for staff

e Strengthening of
IPC measures

e Ensure the
availability of
medications

Implementing the
recommendations

e Integration of
COVID-19 and TB
screening

e Strengthening of
IPC measures

e Use of telemedicine

e Home visits instead
of clinic visits

Administering of oral medications
over injectables

Chapter 3

Geographical
accessibility of
TB diagnostic
services at
primary
healthcare clinics
in eThekwini
District, South
Africa

Structural

GIS analysis was
used to measure
travel distances from
residential areas to
PHCs and from
PHCs to hospitals.
The spatial
distribution of TB

92.6% of the population
could access diagnostic
services within 5km.
Predominantly urban
regions had high
accessibility while the
predominately rural regions
had moderate accessibility.

Deploy mabile units with
comprehensive TB/HIV
services in rural regions
Continuous quality
assessments for mobile units
and PHCs

Active-case finding for
asymptomatic high-risk
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cases was also
assessed.

40.7% of the rural
population >5km from a
PHC

TB cases were higher in
urban areas compared to
rural areas

98.4% of PHCs are within
30km of a hospital
Majority of clinics are
concentrated in one region

groups in rural and urban
settings

Upgrade existing facilities to
hospitals in certain regions
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Chapter 4

Impact of
COVID-190on TB
diagnostic
services at
primary
healthcare clinics
in eThekwini
district, South
Africa

Processes of
care

An ITSA was
conducted to
determine the
changes in TB
investigations and
confirmed TB cases
during four pandemic
periods

During the lockdown, TB
investigations and
confirmed cases dropped by
-45% and -40%,
respectively.

TB investigations and
confirmed cases rose
significantly in the months
following the lockdown
Both TB detection
indicators experienced
variations in levels
throughout the pandemic
but were marked by
decreases at peaks of
infection

Confirmed cases were more
severely impacted with
decreases sustained until the
end of the observation
period

Maintain access to TB
diagnostic service during
health emergencies.

TB mortality should be
monitored to determine if
true drops in detection took
place

Determine whether
underreporting took place
and investigate reasons
Active case finding and
linking people to care

Chapter 5

Quality of TB
diagnostic
services at
Primary
healthcare clinics
in eThekwini
District, South
Africa

Structural and
Processes of
Care

A facility audit was
conducted to
determine the
barriers and enablers
to providing quality
diagnostic services

Audit scores range from
moderate to excellent
between the facilities

Three regions achieved
moderate overall scores and
one achieved an excellent
rating

Provide refresher TB training

to all staff members

Use TB training to reinforce

IPC practices among staff

Improve IPC inside facilities

o using simple

mechanisms like
natural airflow
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= Specimen management and
integration of TB services
were the audit components
with the highest scores

=  TB training among staff,
Xpert turn around times,
IPC, and contact tracing
were the audit components
with the lowest scores

o encouraging mask
use by patients
Explore patient-delivered
screening mechanisms for
contact tracing
Conduct continuous quality
assessments among facilities

measures, integrated
COVID-19/TB activities,
POC tests, and TB training
can strengthen healthcare
systems

e Decentralize TB testing to
mobile clinics and introduce

Quality of TB Processes of Qualitative research | Barriers: Implementing queue
services at care and study, designed to = Long queues at file management systems at
primary Outcomes understand patient registration clinics
healthcare clinics perspectives on the = Administration staff Sensitivity training healthcare
¢ in eThekwini quality of TB attitudes workers and clinic staff
i’._; g:fs:lr(l:gt F?;;g::t services . D_rug stockouts Identifying_ Weakqesses in the
s : Enablers: supply chain and improving
O perspectives Clinic TB department monitoring systems
= Health provider attitudes Studies on whether good quality TB
. Wait time care translates to better TB outcomes
TB information
Enhancing TB All Co-create potential Barriers The elements of the proposed
diagnostic solutions to barriers e Misdiagnosis of TB with approach should be piloted
services at to TB diagnostic COVID-19 for feasibility adapted and as
primary services during the e Financial impediments necessary. Routinely
healthcare clinics COVID-19 pandemic o Fear of COVID-19 exposure collected data should be used
in the eThekwini at facilities to identify the performance of
district, South « Neglectof TB these strategies.
e Affrica, post- o
I COVID-19: a e Long walj[ times
= . Proposed strategies
s nominal group o
o technique e Using improved IPC
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at-home tests to overcome
socioeconomic barriers
Encourage mask-wearing
and education on TB
symptoms to strengthen
personal factors in disease
prevention
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Discussion

The emergence of the COVID-19 pandemic has exposed gaps in the already overburdened
health systems. This became particularly evident as the management of existing infectious
diseases began to suffer because of the pandemic. TB is an example of what can happen when
health systems are unprepared for public health emergencies. Therefore, to meet goals set for
TB, endemic settings like South Africa will need to learn from COVID-19 and develop
methods to improve the quality and delivery of TB services. For this reason, our study
developed an approach to enhance TB diagnostic services for health emergencies such as
COVID-19, for high-disease burden settings.

The scoping review conducted at the start of the study provided an overview of the state of TB
services because of the pandemic. The findings showed that TB services in many high-burden
countries were negatively affected by COVID-19. In the review, we surmised that these
disruptions to TB services could lead to TB cases going undetected. The WHO 2021 TB report
confirmed these suspicions showing that TB detection had decreased by 18% in the first year
of the pandemic.® The quasi-experimental results aligned with both WHO and scoping review
findings, showing large reductions in TB detection indicators during the lockdown period in
eThekwini district. Other studies showed significant increases in TB detection following the
lockdown, once restrictions became less stringent.!% 20 3% 34 Together, these outcomes
demonstrate the importance of keeping healthcare accessible despite health emergencies. It is
possible that the reduction in TB detection resulted from the non-pharmaceutical measures used
to contain COVID-19 which in turn reduced community transmission. However, the effects on
TB transmission would likely be experienced over time. The sharp declines in TB detection
associated with each variant-driven surge suggest that other factors were likely at play. The
possible reasons for these reductions were explored by the NGT and corroborated by the
scoping review, namely: access to facilities was limited, and patients were not presenting to
clinics because of the stigma associated with cough-like symptoms or concerns about
contracting COVID-19 at facilities. This seems to suggest that patients were not assured of
their safety at health facilities.

The study’s evaluation of the quality of diagnostic services showed that patient concerns were
not unwarranted. The findings revealed that the quality of TB diagnostic services was moderate
in eThekwini. Among the areas of non-compliance was IPC along with TB training among
staff. The results revealed that clinic infrastructure and availability of resources (N-95

respirators) hindered the IPC performance at clinics. Poor implementation of IPC
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disproportionately burdens health systems during epidemics including COVID-19 by
perpetuating transmission among patients and depleting HCWs.% The scoping review also
pointed to challenges in IPC with many countries reporting a lack of Personal Protective
Equipment (PPE). The literature suggests that continuous training can improve IPC
adherence.® 3" [ronically, this was another area of non-compliance found by this study, partly
due to a high staff turnover that resulted in recently trained staff leaving the facility. Therefore,
IPC practices will need to be strengthened by ensuring an adequate supply of resources, and
continuous training of staff at all levels with a focus on infectious diseases. This will ensure
that health systems can safely provide routine services but are also prepared for outbreaks that

may occur.

Both continuous training and universal masking were strategies proposed for barriers to
diagnostic services during the NGT. Universal mask use has been associated with reduced
SARS-CoV-2 infections among HCWs.® The South African government no longer require
masks at public facilities and this was evident at many of the audited clinics. However, PHCs
in high-burden settings could benefit from universal masking by HCWSs and patients to prevent
nosocomial transmission. Klompas and colleagues emphasize that universal masking should
be done in parallel with other IPC measures.® Likewise, continuous training on best practices
for TB, emerging diseases such as COVID-19, and other diseases endemic to a setting are
required for improved quality of care and health system strengthening. For similar purposes,
digital training on integrating TB and COVID-19 activities was associated with increased TB
testing and contact tracing.*® Therefore, online platforms should be leveraged to train HCWs

on TB and other diseases that may burden health systems.

Contact tracing, a common challenge in LMICs,”*' was another barrier identified by the audit.
Patients would provide incomplete or no contact details of household contacts. A study in
Malawi recognized these shortcomings and piloted a patient-delivered model for screening
household contacts which moderately improved TB detection.*? Similarly, in South Africa,
community-based mobile clinics interventions, equipped with POC diagnostic tools, were more
effective at TB detection than traditional methods.*? This decentralized approach to TB testing
has added benefits of bringing TB care closer to the communities, potentially reducing financial
costs associated with clinic visits and alleviating the long lines at facilities. These barriers to
TB diagnostic services were identified during the NGT and qualitative study. Therefore,
exploring new models for contact tracing and case detection in high TB burden settings should

be a priority in the post-COVID-19 era.
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Rebuilding health systems post pandemic should focus on providing high-quality of care since
poor quality is a bigger barrier to reducing mortality than insufficient access.** 4> Furthermore,
high-quality health systems should be patient-centered, and capable of gaining and maintaining
the population’s trust.* This study investigated both geographic access and quality of care and
found that diagnostic services were highly accessible, however, a large proportion of the rural
population remains inadequately served. This has been commonly reported in other Low- to
Middle-Income Countries (LMICs).%*8 In terms of quality of care, patient perspectives
revealed long wait times, drug stockouts, and negative staff attitudes created dissatisfaction
with the care received. Both challenges in access and poor quality of services are linked to
poorer disease outcomes.**? For infectious diseases like TB this has further implications on
community transmission and the development of drug resistance.>*2 Therefore, in addition to
deploying mobile health units in rural areas to ensure equitable access to diagnostic services,

sustainable procurement of TB drugs and staff sensitivity training are also required.

The COVID-19 pandemic has demonstrated what a lack of trust in the health system can do for
infectious diseases like TB. Therefore, as strategies are put in place to strengthen health
systems, the public must be aware of such implementations. This transparency can prompt
confidence in the health systems that may improve regular facility attendance despite the
emergence of other infectious outbreaks. During the NGT, stakeholders recommended using
social media platforms to keep the public informed about important diseases and the measures

being taken to ensure their safety.

Strengths of the study
The study used a mixed methods study design, leveraging the strengths of quantitative and
qualitative research methods. This provides a holistic understanding of the study phenomena.>
The use of quantitative methods showed the magnitude of the research problem. On the other
hand, the qualitative aspects provided possible reasons for the results from the quantitative

data. This allowed for more robust conclusions to be drawn.

Before the start of data collection, a scoping review was conducted. This evidence synthesis
method allows researchers to map the available evidence on a research question. It is ideal for
areas of emerging research because it incorporates all research designs including those found
in grey literature.3! The study began at the start of the pandemic, therefore, using a scoping
review maximized all the available evidence at the time. The review was done in a rigorous,

transparent, and reproducible guided by a predetermined framework.3% 3
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The use of GIS techniques is a powerful tool for measuring spatial equity in healthcare.* This
method combines the use of clinical, population, and geographic data to provide an in-depth
understanding of a region's care, health, and overall services.*® This in turn can guide targeted
decisions on health service delivery.

This study applied a pre-post quasi-experimental study, which is the strongest statistical
method for analyzing the impact of exposure (COVID-19) over time when randomization is
not possible.>” The analysis further used multiple exposure periods which controlled for the
possible changes in the time series therefore giving a more accurate and robust representation

of the exposure effects.

The use of both an audit and a qualitative analysis for evaluating the quality of services
provided different insights into the research problem. This boosts the validity and interpretation
of the results. The audit sampled clinics from the different regions of eThekwini to give a
representative sample of the entire district. The use of a qualitative analysis explored patient
perspectives, which provides meaningful outcomes that meet patient expectations and

preferences which can lead to better uptake of interventions.

Likewise, the NGT included patients as key TB stakeholders. This research method also
facilitated equal contribution from all participants by not allowing any member to dominate
the discussion. Furthermore, it allowed for a large generation of ideas. The involvement of

various TB services stakeholders allowed diverse contributions to the barriers and solutions.

Limitations of the study

Some of the methodological limitations of the study are worth noting. The geospatial analysis
only evaluated the potential accessibility, which is the availability and proximity of healthcare
facilities, and did not assess revealed accessibility, which is determined by utilization. The
analysis did not account for health insurance membership and assumed all members of the
population used government funded PHCs. Moreover, no private health facilities were included
in the analysis. DHIS data was used to map the spatial distribution of TB, these data are
manually collected and are subject to human error.

When conducting the ITSA, a control group was not used which is the best way to identify
confounding factors that may influence the outcome. However, it was impossible to include a
comparable control group because the impact of COVID-19 was universal. DHIS data was also
used for the ITSA, which is subject to inaccuracies.

A small number of patient files were used to audit the integration of TB/HIV services,

therefore, the findings from this component may not be generalizable. Furthermore, no rural
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clinics were included in the audit, which may have yielded a different overall result. For the
qualitative analysis, the provider perspectives were not considered, which may have given
more insight into the health system-related factors to diagnostic services. Moreover, only
patients from one setting were interviewed, thus limiting the generalizability of these findings.

The NGT did not include laboratory stakeholders who may have contributed insight into the
technical barriers facing diagnostic services during the pandemic. The NGT participants were
also predominately female, however, they were chosen based on their knowledge of TB
services. Moreover, one male participant was a representative of the male users of these

services.

Conclusion
In conclusion, the study provided evidence that contributed toward the development of a novel
approach for improving TB diagnostic services at PHCs during pandemics, using eThekwini
district as a study setting. To do this, the thesis investigated the accessibility as well as the
impact of the pandemic on TB diagnostic services. Moreover, a quality assessment of these
services was done before conducting an NGT, which would inform the strategies for the novel
approach. The findings were consolidated into a framework to optimize and provide high-
quality TB diagnostic services for high TB burden settings. The framework is characterized by
solutions that target structural factors and processes of care resulting in outcomes that boost

confidence in health systems and provide economic benefits.
Recommendations

Recommendations for practice

The current study was guided by two conceptual frameworks: Donabedian’s model for
assessing quality of care and the high-quality health system framework discussed in Chapter
3.44.%8 Informed by the study findings, the consolidated framework was used to make practice
recommendations that constitute the novel approach for improving TB diagnostic services. The
framework to improve TB diagnostic services provides solutions for structural factors and
processes of care, which, if implemented, can produce outcomes that can increase confidence
in health systems and provide economic benefits to users and health systems alike. The
elements of the framework for improving TB diagnostic services are described in detail in the

section below and depicted in Figure 1.
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Structural Factors

Structural factors are the physical characteristics of PHCs which include their location,
tools/equipment available and workforce characteristics. Using mobile health units for mobile
for rural populations is a pivotal strategy for increasing access to TB diagnostic services.
Simultaneously, upgrading clinic infrastructure offers the potential to enhance IPC measures
for example creating outdoor waiting areas within certain facilities can prevent overcrowding
inside the facilities. Similarly, all facilities should make use of mechanical ventilation such
open windows and doors to promote airflow and disrupt the nosocomial TB transmission.
Moreover, increasing workforce by hiring more staff at health facilities can improve quality of
care by allowing staff to be more attentive to patients while also alleviating wait time. It is also
imperative that existing staff member are adequately trained on the latest standard operating
procedures (SOPs) for TB. Lastly, there should be provision of sufficient personal protective
equipment for TB staff, likewise patients should always be mandated to wear masks to ensure

the safety of both parties while at health facilities.
Processes of care

Enhancing processes of care involves three key strategies: providing competent care,
optimizing systems, and improving the user experience. The findings of the PhD suggest that
enhancing competent care can be achieved by integrating activities for diseases of importance
(COVID-19 and TB), implementing patient-delivered contact-screening methods, and
intensifying active case finding efforts. Furthermore, online platforms can be used to
administer continuous TB training for nurses so that they can receive up to date SOPs without
leaving the facility. Similarly, improving competent systems can be realized through the
implementation of better disease reporting systems, adoption of point-of-care tests, and
conducting continuous quality improvement assessments. Additionally, enhancing the user
experience can be facilitated by reducing wait times through the introduction of efficient queue
management systems. These strategies, when executed effectively, contribute to a more robust
and patient-centric healthcare system.

Outcomes

Targeting the above-mentioned structural factors and the processes of care can contribute to
boosting the confidence in health-systems while also producing an economic benefit to both
the users and the health system. Economic benefits can be derived from improving access in
rural areas and decentralizing TB testing to mobile health units closer to communities. By

bringing healthcare closer to the communities that need them, patients can readily seek TB care
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without the incurring additional travel costs. Moreover, improving geographic access can
prevent diagnostic delays and help patients to seek care sooner thereby preventing unnecessary
costs to health system that are associated with hospitalizations. Likewise, ensuring the
availability of PPE for staff and mandating mask use inside the facilities can prevent infections
and costs associated with nosocomial transmissions. Lastly, by capitalizing on social and
traditional media platforms improvements to health facilities can be made known publicly.
Doing this can help boost trust in health systems which was found to be lacking during the
pandemic and resulted in many being fearful to seek care.

Overall, the framework seeks to improve on TB diagnostic services through a multidimensional
approach. It is envisaged that through the implementation of this approach TB diagnostic
services at PHCs will be able to better withstand future health emergencies. The next steps are

to explore the feasibility of this approach in high TB burden settings.
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STRUCTURAL
FACTORS

1Y
o(_,‘

PROCESSES OF
CARE

©]

OUTCOMES

Facility characteristics

e Deploy mobile
health units in
rural regions
according to the
need.

e Upgrade clinic
infrastructure to
improve IPC.

e Use mechanical
ventilation to
improve airflow.

Staff characteristics

e Train HCWson
TB management,
IPC, COVID-19,
patient sensitivity

e Increase clinic
workforce.

Healthcare setting
characteristics

e Improve the
procurement of TB
drugs and N-95
respirators.

e Encourage
universal masking.

Competent care

Provide continuous
TB training using
online platforms.
Integrate
TB/COVID-19
activities.
Introduce patient-
delivered contact
screening methods.
Intensify active
case finding for
high-risk groups.

Component systems

Improve reporting
systems for TB
detection data.
Introduce
decentralized POC
tests.

Conduct
continuous quality
assessments.

User experience

Introduce queue
management
systems.

Confidence in health
systems

e Use social media
to distribute
information on
IPC measures
taken at facilities
and provide
relevant
information on TB
and COVID-19

Economic

e Using mobile
clinics to
decentralize TB
testing and the
development of at-
home tests can
reduce costs
associated with
seeking care

e Improving access,
IPC, TB drug
procurement, and
processes of care
can reduce
healthcare
expenditure by
preventing
hospitalization in
patients

Figure 1 Consolidated framework for improving TB diagnostic services at PHCs in a high-burden

settings




Recommendations for future research

Although these study findings contributed to the existing body of evidence on TB diagnostic
services during the pandemic, the work conducted was not exhaustive. Therefore, the research
gaps that emerged require further investigation.

e The geographic accessibility of TB diagnostic services was established; however,
more work is needed to determine the relationship between the utilization of these
services and distances traveled.

e The ITSA showed the impact of COVID-19 on TB diagnostic services by using TB
detection indicators. However, to determine whether this was a true decrease in
detection rather than underreporting, TB incidence and mortality must be measured
closely.

e The audit did not include rural clinics, therefore, rural PHCs in the eThekwini district
must be subject to quality assessments including patients’ perspectives.

e The feasibility of the strategies proposed by the NGT should be established and
implemented where possible.

e Similar studies should be conducted in other high TB-burden regions of South Africa
because COVID-19 had varied impacts throughout the country. Therefore, other

regions may require different solutions.
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e Appendix 5: Informed Consent Form

PARTICIPANT’S INFORMATION & INFORMED
CONSENT DOCUMENT

STUDY TITLE: Towards Development of a Novel Approach for Enhancement of TB
Diagnostic Services during the Pandemic: A case of Primary Health Care Clinics in
eThekwini District KwaZulu-Natal

Principal Investigators: Thobeka Nomzamo Dlangalala

Institution: University of Pretoria

DAYTIME AND AFTER HOURS TELEPHONE NUMBER(S):

Daytime number/s: 078 915 3494

Afterhours number: 078 915 3494

DATE AND TIME OF FIRST INFORMED CONSENT DISCUSSION:

Date month year Time

Dear Prospective Participant

DEAE IMIT. / IVITS. et et e e et e e e e e e s et e e e eeeeeeaetreeeerneeeeaans

1) INTRODUCTION

You are invited to volunteer for a research study. | am doing research for a PhD Degree

purpose at the University of Pretoria. This information in this document is to help you to decide

if you would like to participate. Before you agree to take part in this study you should fully

understand what is involved. If you have any questions, which are not fully explained in this
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document, do not hesitate to ask the researcher. You should not agree to take part unless you

are completely happy about all the procedures involved.

2) THE NATURE AND PURPOSE OF THIS STUDY

The aim of this study aims to investigate the state of TB diagnostic services at primary
healthcare (PHC) clinics during COVID-19. By doing so we wish to find a way to improve

TB diagnostic services at primary healthcare clinics during pandemics.

3) EXPLANATION OF PROCEDURES AND WHAT WILL BE EXPECTED FROM
PARTICIPANTS.

This study involves answering some questions regarding your experience with the TB services
that you received.

4) POSSIBLE RISKS AND DISCOMFORTS INVOLVED

There are no medical risks associated with the study. The only possible risk and discomfort
involved is sharing any negative experiences about the health facility that you regularly attend.

You can decline to answer any questions that cause you discomfort.

5) POSSIBLE BENEFITS OF THIS STUDY

Although you may not benefit directly. The study results may help us to improve the TB

services at primary healthcare clinics.

6) COMPENSATION

You will not be paid to take part in the study. There are no costs involved for you to be part of
the study.
7) YOUR RIGHTS AS A RESEARCH PARTICIPANT

Your participation in this trial is entirely voluntary and you can refuse to participate or stop at any time

without stating any reason. Your withdrawal will not affect your access to other medical care.

8) ETHICS APPROVAL
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This Protocol was submitted to the Faculty of Health Sciences Research Ethics Committee, University
of Pretoria, telephone numbers 012 356 3084 / 012 356 3085 and written approval has been granted by
that committee (Approval Number...652/2021..................... ). The study was also submitted to the
Health Research and Knowledge Management Unit of the KZN department of health, telephone number
033 395 2046 and has received written ethical approval (Approval Number... Ref:
KZ 202112 012....). The study has been structured in accordance with the Declaration of Helsinki
(last update: October 2013), which deals with the recommendations guiding doctors in biomedical
research involving human/subjects. A copy of the Declaration may be obtained from the investigator

should you wish to review it.

9) INFORMATION
If I have any questions concerning this study, | should contact:

Prof Mashamba-Thompson Tel: (+27) 21 319 2102/2198

10) CONFIDENTIALITY

All information obtained during the course of this study will be regarded as confidential. Each participant
that is taking part will be provided with an alphanumeric coded number e.g. A001. This will ensure
confidentiality of information so collected. Only the researcher will be able to identify you as participant.
Results will be published or presented in such a fashion that patients remain unidentifiable. The hard copies
of all your records will be kept in a locked facility at the Department of Public Health, The University of

Pretoria.

11) CONSENT TO PARTICIPATE IN THIS STUDY

. I confirm that the person requesting my consent for my child to take part in this study has told me

about the nature and process, any risks or discomforts, and the benefits of the study.

. I have also received, read and understood the above written information about the study.
. I have had adequate time to ask questions and | have no objections to participate in this study.
. I am aware that the information obtained in the study, including personal details, will be

anonymously processed and presented in the reporting of results.
. I understand that I will not be penalised in any way should I wish to discontinue with the study and

that withdrawal will not affect my further treatments.
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. I am participating willingly.

. I have received a signed copy of this informed consent agreement.
Participant’s name (Please print) Date
Participant’s signature Date
Researcher’s name (Please print) Date
Researcher’s signature Date
Signature of the Witness Date
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