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Abstract

Objectives: Successful point-of-care (POC) testing (completion of test and treat cycle in one patient
encounter) has immense potential to reduce diagnostic and treatment delays, and improve patient
and public health outcomes. We explored what tests are done and how in public/private, ru-

ral/urban hospitals and clinics in South Africa and whether they can ensure successful POC testing.

Methods: This qualitative research study examined POC testing across major diseases in Cape Town,
Durban and Eastern Cape. We conducted 101 semi-structured interviews and 7 focus group discus-
sions with doctors, nurses, community health workers, patients, lab technicians, policymakers, hos-

pital managers and diagnostic manufacturers.

Results: In South Africa diagnostics are characterized by a centralized system. Most tests conducted
on the spot can be made to work successfully as POC tests. The majority of public/private clinics and
smaller hospitals send samples via couriers to centralized labs and retrieve results back the same
way, via internet, fax, or phone. The main challenge to POC testing lies in transporting samples and

results, while delays risk patient loss from diagnostic/treatment pathways. Strategies to deal with

This article has been accepted for publication and undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as
doi: 10.1111/tmi.12450

This article is protected by copyright. All rights reserved.



associated delays create new problems, such as artificially prolonged turn-around-times, strains on

human resources and quality of testing, compounding additional diagnostic and treatment delays.

Conclusions: For POC testing to succeed, particular characteristics of diagnostic eco-systems and ad-

aptations of professional practices to overcome associated challenges must be taken into account.

Keywords: point-of-care testing; South Africa; qualitative; diagnostic delay

Introduction

Global health experts agree that point-of-care (POC) tests have immense potential to reduce delays
in diagnosing and initiating treatment for diseases like tuberculosis (TB) (1-3), HIV (4, 5), syphilis (6)
and malaria (7). POC tests allow completion of test-and-treat cycles in one patient encounter (e.g.
ensuring a POC continuum) with minimal user and maintenance requirements and improve patient

and public health outcomes.

However, the mere availability of rapid or simple tests does not automatically ensure their
scale-up as a successful POC test. Instead, we have argued earlier, that it matters how tests are em-
ployed in POC testing programs and that a range of barriers may prevent successful uptake (8). In
South Africa, especially decentralized HIV (with rapid tests) and TB testing (with Xpert MTB/RIF) have
gained immense political attention in recent years and offer important lessons for POC testing pro-

grams (9-13).

Most articles on POC testing focus on accuracy, cost-effectiveness, feasibility, and accepta-
bility related to one specific disease in one specific setting (3, 14-20). Exceptions to the single-
disease focus are studies on combined testing strategies for sexually transmitted infection (STI) syn-
dromes, including HIV and syphilis tests (6, 21). However, testing needs to fit into a variety of daily
work flow and care processes. Patients present at different levels of care (in clinics, health posts,
labs or hospitals) with multiple or unspecific symptoms (e.g. acute febrile iliness), and may need

several diagnostic tests.
In order to successfully develop, validate, and scale-up diagnostics that work in such complex

and dynamic settings, more research on diagnostic practices on the ground across different health-

care settings and diseases is needed. Yet, to our knowledge, such studies are currently limited.
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Qualitative and survey-based studies have examined clinicians’ attitudes towards POC test-
ing (17, 22, 23), patients’ treatment seeking behavior (24-26) and how material dimensions (includ-
ing the test platform, reagents and supplies), the actors involved, their relations and the socio-
cultural context in which testing is happening are interlinked (7, 27-29). Calls have been made for
more operational research into health system requirements and impact of technologies on diagnos-

tic delays (30, 31).

Factors causing diagnostic delay have been researched particularly for TB and HIV and are
commonly distinguished as patient and health system related. Most studies are single-disease fo-
cused and employ survey based methodologies (32-34), qualitative studies of patient pathways to
diagnosis (f.i. 24, 25, 26, 35-37) or medical records, including laboratory and treatment registers (38,
39). Factors associated with patient delay are socio-economic factors (f.i. gender, education) (37)
and stigma (35). Factors associated with health system delay are multiple visits to traditional/private
providers, cost, logistics and travel time to health services (34, 37, 40), as well as poor (weak referral

links, poor diagnostic performance) (33) or insufficiently decentralized public services (37, 38, 41).

We identified no previous studies that examined how tests are used at POC across different
diseases, taking into account perspectives of both patients and providers, and examining the actual
testing process in terms of completing the test and treat-cycle that is so important for successful

POC testing.

The overall aim of this study was to examine POC testing across major diseases in South Afri-
ca contributing to burden of disease (mainly HIV, TB, diabetes mellitus, diarrheal diseases and hyper-
tension). We assessed what tests are done and how in public/private, rural/urban hospitals and clin-
ics and whether they can ensure successful POC testing. The results have implications for develop-

ment of new POC testing programmes.

Methodology

Study design, data collection and participants

Data were collected as part of a qualitative research project on barriers to POC testing between Sep-
tember 2012 and June 2013 in two South African urban settings (Durban and Cape Town) and a rural
setting (Eastern Cape). The data collection included 101 semi-structured interviews with doctors,
nurses, community health workers, patients, lab technicians, policymakers, hospital managers and

diagnostic manufacturers. Participants were purposively sampled to represent the settings of hospi-
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tals, peripheral labs, clinics, communities and homes in the public/private sector and rural/urban
setting (table 1). We conducted 7 focus group discussions (FGDs) with TB patients, nurses and com-
munity health workers, all of which were selected on a convenience basis to represent different per-

spectives. The total number of FGD participants was 40, with a median group size of 5.7.

In this paper, we focused the analysis on testing and barriers to POC testing conducted in
hospital and clinic settings. Data were collected jointly by NE and MD. The topics explored included
diagnostic processes for the major diseases per setting and challenges therein, understanding of di-
agnosis, and visions of an ideal test. The semi-structured interviews allowed a flexible and respon-
sive approach and specifically examined diagnostic steps for each major disease occurring in the set-
ting in great detail; from ordering a test to acting on a result, including available material and capaci-
ties, TATs, and referral processes. The FGDs focused exclusively on challenges experienced when di-
agnosing. Interview and FGD guides were piloted and revised during the fieldwork to improve clarity
of questions. All interviews and discussions were held in English and digitally recorded, and the note

taker wrote down main points raised, non-verbal communication and setting characteristics.

Data analysis

Audio files and notes were transcribed and cross-checked. Data analysis was done using Nvivo9 (QSR
International). We devised a coding scheme and coded the material, further grouping material into
emerging topics in an iterative manner using thematic analysis (42-44). The analysis is based on writ-
ing thick descriptions of diagnostic practices per setting and disease and examining patterns and
linkages between emerging themes and codes across settings, actors and diseases. Professional

roles are used to mask study participants’ identity (see table 1 for interview and FGD codes).

Ethics

The ethics review boards of the University of Cape Town, South Africa and McGill University Health
Centre, Montreal, Canada approved this study. Approvals for interviews and discussions conducted
at public healthcare facilities were sought from the Provincial Department of Health authorities as
necessary. All participants were provided with information sheets explaining the objectives of the

study and all signed informed consent forms prior to participation.
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Results

POC testing in clinics and hospitals

The South African diagnostic landscape is characterized by a centralized system. This means that the
majority of public and private clinics and some smaller hospitals send their sample to a centralized
lab for testing via couriers and retrieve results back the same way or via internet, fax, or phone. The
National Health Laboratory Services (NHLS) conducts all lab testing for the public sector, while pri-

vate clinics and hospitals use one of the large private lab chains.

Centralized testing in the public sector is a political/economic choice to save costs by allocat-
ing equipment to a few central locations (45). Making changes to this centralized system is impeded
by politics, human resource shortages and cost implications. According to several of our interview-
ees there are reasons to maintain centralization because it is cheaper than peripheral testing in
terms of staffing and equipment (HD4; LT2; NGO5; NHLS1; SID1; LM1, 2). According to NHLS staff, a
centralized model is preferred if the road network allows. It fits the existing organizational structure
of NHLS, while public clinics are struggling with staff shortages, limited staff capacities and stock outs

(LM1, 2; NHLS 1; SID1).

Nonetheless, we found a few tests that are being done outside labs in clinics and hospitals
wards (Table 2), while the rest are done in labs. Prominent exceptions to the centralization of testing
are HIV testing, conducted with rapid tests by community health workers, and TB testing with Xpert
MTB/RIF, a molecular test promising results in 90min, that is being implemented in selected clinics at

POC (while the majority of Xpert machines have been placed in centralized NHLS labs (41)).

In public clinics, the limited number of tests conducted on the spot can ensure a POC contin-
uum with available results in one patient encounter, except the Xpert MTB/RIF. The results of basic
screening tests (blood pressure, weight, glucose, rapid HB and urine dipstick) and the HIV rapid tests
that are directly conducted in the clinic are available immediately and doctors or nurses act on the
result. Despite availability of HIV rapid tests, actual treatment initiation for HIV happens only 4-7
days after initial diagnosis and 3-4 days after a low CD4 count was diagnosed, because of follow-up

tests and counseling sessions (which is still faster than in hospitals, see below) (CN9).
In those few public clinics that have a Xpert MTB/RIF onsite to test TB, the TAT is usually 24-

hours and not 90min as the device promises, due to the large amount of samples the clinic runs daily

(LM4; SC1). A NHLS consultant highlights that not only were 2.5 additional nurses needed to conduct
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the test in clinics (9), the machine also lies idle at night and the promise to have results available

within one encounter does not translate to same-day decisions in clinical practice (NHLS 1).

For tests that are sent to a centralized lab, no same day results are possible in public clinics
(even those clinics with access to the electronic lab system can only access results after 24 hours or

more), due to reasons discussed in the next section (PCD2; PHM2).

In private clinics, the POC continuum is ensured for tests that are conducted on the spot. For
those samples that are sent to labs, results are usually available the next day. If a sample is marked
‘urgent’, then results are available after a few hours and the doctor calls the patient with the results

(PP1; 7-9).

In public hospitals, results for tests conducted in the wards or outpatient department (OPD)
are usually available immediately and patients are seen by doctors or nurses the same day. Howev-
er, a lack of human resources can lead to delays. For instance, the triage station of a rural hospital
where several rapid tests are conducted (urine dipstick, pregnancy, blood pressure, weight, and
temperature) sees approximately 80-100 patients per day and struggles with lack of equipment
(PHN3). Due to the high patient load, triaging delays patients from entering the OPD and having
samples taken for additional tests, resulting in an overall delay to wait for results and see a doctor

(PHD1).

In cases where follow-up tests are needed, treatment initiation can be delayed depending on
the TATs of these tests. For example: If a patient is tested HIV positive, the patient is referred to a
CD4 count with cytometry assay from the in-house lab with a TAT of 24-48 hours (PCD2; LM4). If the
CD4 count is less than 350 the patient will undergo testing for urea, electrolytes and liver function,
which takes another one to two days in addition to five adherence counselling sessions. ARV treat-
ment is initiated during the monthly or biweekly ARV days (PHD2). Thus, even though patients are
diagnosed as HIV-infected within one clinical encounter, treatment initiation often only starts one

month after initial diagnosis.

The POC continuum in public hospitals for tests using the hospital lab can only be ensured if
samples are sent in the morning and patients can wait until the evening (PN7) or if patients can sleep
over, which is common in rural hospitals (f.i. HM3; PHD1, 3; LM4; PHN2). TB tests take particularly

long. In the emergency unit of an urban hospital, the Xpert MTB/RIF results take 24 hours. Unless
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the doctors admit patients, he/she would refer patients for TB tests to their local clinics with a refer-
ral letter (HM1). Yet, there is no follow-up system to ensure that patients attend local clinics. In an
urban hospital that has no onsite lab, TATs for sputum can take up to two weeks with major conse-

quences for treatment initiation, loss to follow up and risk of transmission (PN5).

These delays in diagnosing and initiating treatment in clinics and hospitals cause disruptions
to the POC continuum and risk patient loss from diagnostic/treatment pathways. Cost and distance
might deter patients from coming back; they might develop advanced stages of disease which
spread within communities and are much more difficult to diagnose and treat; or they might seek
care in other clinics/hospitals in the hope for faster results. The latter results in higher workloads for
certain clinics, unnecessary repeat testing and a high potential of loss to follow-up, as patients be-
come non-traceable when they need to give wrong addresses in order to be eligible for clinics far-

ther away (121003_SCNHLS1_CT)).

Responding to the challenges of centralized testing

The centralization of most testing means professionals and patients rely on samples reaching labs
safely and reports being returned in a timely manner to avoid diagnostic delays. Yet, challenges with
precisely this requirement were reported to us across all hospitals, labs and clinics and range from:
Poor sample quality because of leaking samples, incorrect packaging or testing tubes, transport
damages, insufficient sample volumes (f.i. sputum) and incomplete/incorrect request forms (LM1, 2,

5, 6; M1).

Transport challenges, such as long distances, poor road conditions, worker strikes, bad
weather, or shortages of messengers between labs and hospital wards, can result in lost or delayed
samples (LM1, 2, 4). In addition, in some clinics, lab results are not filed into patient folders but piled
up in corners, lost due to misspelled names, or delayed due to breakdowns of computer systems to

access result (HD1; HM3; SN1; LM1, 2, 4; NGO1; PHD1, 5; M1, 3; LT1).

This means that TATs for tests conducted within labs are being prolonged due to the chal-
lenges in interacting between clinics/hospital wards and labs. This delay in lab-based testing has fur-
ther consequences for the diagnostic practices of professionals: In order to ensure that results are
available, nurses usually tell patients to come back within a week for results that are expected to be

available within two or three days (PCN4; PHM1; PCD2; CHW 2, 3).
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“I came to realize (...) that we are constantly telling the patients, okay give us the specimens
and come back tomorrow or come back in two days or why don’t you come back next week, because

for sure [sic!] that the results will be here. That’s how we translate in reality.”(PHM1)

“..so we try and get [HIV] patients back within a few days of doing the blood tests, {(...) within 2-3
days. Simply because | can check the results on my computer or on the phone, you know, and I’ll have
access to it... the nurses for example if they do simple CD4’s and viral loads, as a routine manage-
ment, and creatinines, they only get patients back after a month or so (...) it doesn’t take a month to
get the result, but it takes the patient a month to know the result, because patients are brought back

in a month” (PCD2)

With this strategy, the providers are preemptively taking into account prolonged TATs due to
challenges in transporting samples to labs and results back timely. The implications are that actual

TATs are further prolonged.

Apart from telling patients to come back later for results, professionals apply other strate-
gies to overcome challenges in interacting with labs; those result in yet additional delays and put
strain on workloads, manpower and patient interaction. Nurses or doctors call labs for patient re-
sults and disrupt (and further delay) the laboratory works (in both rural and urban setting) (HD1, 4;
PHD3; LM1, 2, 4; HM3). With time, overworked lab technicians, who constantly get disrupted in their
lab work by phone calls from clinics, stop answering the phone; causing great frustration to doctors

(SC2; LM4).

To counteract this, private labs have established call centers for communication with their
clients. Some professionals go beyond their responsibilities to avoid delays: Hospital doctors and
nurses go to the lab themselves to fetch missing reports resulting in less time for patient interaction

(PHD3) and leaving work in the ward (PHN4).

“It’s a little bit frustrating for that doctor [at the clinic] getting the results, because the com-
puter system doesn’t always work (...) because the blood and the test is done here [hospital lab] and
then he [the doctor] needs to try and access the result at the clinic, so... they do it but sometimes it

doesn’t work.(...) not all the clinics have good Internet or signal.
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INT: And then you have to do what?
They either SMS one of us to try and go down to the lab or try phoning the lab, yeah, a little bit frus-
trating. Sometimes it’s fine but sometimes it’s very time-consuming. If you trying to see 50 or 60 pa-

tients a day, you don’t have time to sit on the phone for half an hour or an hour...” (PHD1)

Some rural hospital doctors drive reports to clinics as their 4x wheel drive cars manage poor
roads in bad weather conditions better than the smaller courier cars, yet put a strain on manpower

availability (HM3; LM4).

Discussion and Conclusions

This is the first study that maps POC testing across different diseases in clinics and hospitals in South
Africa, revealing challenges for POC testing programs. Our results show that much of the testing in
South Africa occurs via centralized lab services, and rapid clinical decisions are challenging in this

context.

However, when tests are conducted on the spot in clinics and hospital wards (with sufficient
manpower and equipment), test result-based management decisions (treatment, referral, follow-up
testing) are being made in one patient encounter and POC continuums can be ensured. The excep-
tion is Xpert MTB/RIF that cannot be made to work in one encounter, because results are only avail-
able after 24 hours due to backlogs and manpower requirements, confirming previous findings (9). If
samples have to be sent to a peripheral lab (clinic) or in-house lab (hospital) no results are available
within one patient encounter, unless for patients in hospitals who are able to wait until the evening
or sleep-over. Delays risk patient loss from diagnostic/treatment pathways. Previous studies have
shown high rates of loss to follow-up during f.i. centralized TB testing in South Africa (and elsewhere)

(38, 39).

These results justify the current hope in POC testing to cut (health system) delays in diagno-
sis (1, 4, 6). Yet, the experiences with Xpert MTB/RIF also show how essential it is that tests fit into
workflows and human resource capacities at POC. If manpower is insufficient and workload too high,
delays deter the POC continuum. Also, it matters how tests are embedded in follow-up testing
schedules; additional testing with long TATs can again delay treatment initiation. These factors are

absent in the current literature on health system delays in diagnosing TB and HIV.
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The main challenge to POC testing in South Africa lies in transporting samples and results in-
between clinics/hospitals and labs. Recent studies from South Africa have shown that even with the
introduction of rapid molecular tests for drug resistant TB, treatment delays due to centralized lab
testing continue to be lengthy (46), including inefficiencies in sample transportation, lab processing
time, accessing results and recalling patients (13, 41, 47). Thus, there is a gap between the promise

of rapid tests, and the real-world pathways for patients to get appropriate therapy.

We show how the strategies to circumvent these challenges and delays in lab-based testing
create new problems, such as artificially prolonged turn-around-times, strains on manpower, work-
load and quality of testing, compounding additional diagnostic and treatment delays. These results
have implications for how tests fit into workflows, interaction between professionals and their roles,

and quality of testing.

These findings add to the literature on diagnostic delay which is largely single-disease fo-
cused, and often limits itself to medical records or surveys and interviews with patients, excluding
diagnostic processes. With our focus on diagnostic processes across multiple diseases, healthcare
providers and patients at the POC, we are able to show how patient and health system delays inter-
act. Professionals responding to anticipated health system delay (in South Africa mainly caused by

centralized testing) create further delays to avoid additional patient delays.

Another way providers may be responding to dysfunctional health systems is to provide em-
piric treatment, without waiting for lab results, as was found in a South African trial on Xpert
MTB/RIF (11). The authors discussed how empiric treatment is often same-day and might still be

predominant in high-burden settings, even after implementation of new tests.

Artificially prolonged TATs also mean that in this setting TATs are not necessarily a good indi-
cator of whether a test is working and/or fits the POC. This finding shows the importance of conduct-
ing operational research into health system requirements and impact of technologies on diagnostic
cycles and delays to evaluate new diagnostic technology (30, 31). While the situation might be dif-
ferent in countries with more peripheral testing, our results highlight the urgent need to pay atten-
tion to particular characteristics of diagnostic eco-systems and how professionals adapt their prac-

tices to overcome challenges associated to those conditions.
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In summary, our results provide insights into challenges when developing and implementing
new POC tests in the South African context and how strategies of professional’s to circumvent these

challenges create additional diagnostic delays, defeating the purpose of POC testing.

Acknowledgments
We would like to thank all study participants for their valuable time and insights. The research is
funded by a grant from the Bill and Melinda Gates Foundation. The funders of the study had no role

in study design, data collection, data analysis, data interpretation, or writing of the report.

References

Denkinger CM, Pai M. Point-of-care tuberculosis diagnosis: are we there yet? The Lancet Infectious
Diseases. 2012;12(3):169-70.

Vassall A, van Kampen S, Sohn H, Michael JS, John KR, den Boon S, et al. Rapid Diagnosis of
Tuberculosis with the Xpert MTB/RIF Assay in High Burden Countries: A Cost-Effectiveness Analysis.
PLoS Med. 2011;8(11):e1001120.

Boehme CC, Nicol MP, Nabeta P, Michael JS, Gotuzzo E, Tahirli R, et al. Feasibility, diagnostic
accuracy, and effectiveness of decentralised use of the Xpert MTB/RIF test for diagnosis of
tuberculosis and multidrug resistance: a multicentre implementation study. Lancet.
2011;377(9776):1495-505.

Tucker JD, Bien CH, Peeling RW. Point-of-care testing for sexually transmitted infections: recent
advances and implications for disease control. Curr Opin Infect Dis. 2013;26(1):73-9.

Pant Pai N, Sharma J, Shivkumar S, Pillay S, Vadnais C, Joseph L, et al. Supervised and Unsupervised
Self-Testing for HIV in High- and Low-Risk Populations: A Systematic Review. PLoS Med.
2013;10(4):e1001414.

Mabey DC, Sollis KA, Kelly HA, Benzaken AS, Bitarakwate E, Changalucha J, et al. Point-of-Care Tests
to Strengthen Health Systems and Save Newborn Lives: The Case of Syphilis. PLoS Med.
2012;9(6):e1001233.

Chandler CI, Hall-Clifford R, Asaph T, Pascal M, Clarke S, Mbonye AK. Introducing malaria rapid
diagnostic tests at registered drug shops in Uganda: limitations of diagnostic testing in the reality of
diagnosis. Social Science & Medicine. 2011;72(6):937-44.

Pant Pai N, Vadnais C, Denkinger C, Engel N, Pai M. Point-of-Care Testing for Infectious Diseases:
Diversity, Complexity, and Barriers in Low- And Middle-Income Countries. PLoS Med.

2012;9(9):e1001306.

This article is protected by copyright. All rights reserved.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Clouse K, Page-Shipp L, Dansey H, Moatlhodi B, Scott L, Bassett J, et al. Implementation of Xpert
MTB/RIF for routine point-of-care diagnosis of tuberculosis at the primary care level. S Afr Med J.
2012;102(10):805-7.

Losina E, Bassett IV, Giddy J, Chetty S, Regan S, Walensky RP, et al. The “ART” of Linkage: Pre-
Treatment Loss to Care after HIV Diagnosis at Two PEPFAR Sites in Durban, South Africa. PLoS ONE.
2010;5(3):e9538.

Theron G, Zijenah L, Chanda D, Clowes P, Rachow A, Lesosky M, et al. Feasibility, accuracy, and
clinical effect of point-of-care Xpert MTB/RIF testing for tuberculosis in primary-care settings in
Africa: a multicentre, randomised, controlled trial. The Lancet. 2014;383(9915):424-35.

Hanrahan CF, Selibas K, Deery CB, Dansey H, Clouse K, Bassett J, et al. Time to Treatment and Patient
Outcomes among TB Suspects Screened by a Single Point-of-Care Xpert MTB/RIF at a Primary Care
Clinic in Johannesburg, South Africa. PLoS ONE. 2013;8(6):e65421.

Naidoo P, du Toit E, Dunbar R, Lombard C, Caldwell J, Detjen A, et al. A Comparison of Multidrug-
Resistant Tuberculosis Treatment Commencement Times in MDRTBPIus Line Probe Assay and Xpert®
MTB/RIF-Based Algorithms in a Routine Operational Setting in Cape Town. PLoS ONE.
2014;9(7):e103328.

Zar HJ, Workman L, Isaacs W, Munro J, Black F, Eley B, et al. Rapid Molecular Diagnosis of Pulmonary
Tuberculosis in Children Using Nasopharyngeal Specimens. Clinical Infectious Diseases. 2012 October
15, 2012;55(8):1088-95.

Negin J, Wariero J, Mutuo P, Jan S, Pronyk P. Feasibility, acceptability and cost of home-based HIV
testing in rural Kenya. Trop Med Int Health. 2009;14(8):849-55.

Prost A, Griffiths CJ, Anderson J, Wight D, Hart GJ. Feasibility and acceptability of offering rapid HIV
tests to patients registering with primary care in London (UK): a pilot study. Sexually Transmitted
Infections. 2009 September 1, 2009;85(5):326-9.

Jones C, Howick J, Roberts N, Price C, Heneghan C, Pluddemann A, et al. Primary care clinicians'
attitudes towards point-of-care blood testing: a systematic review of qualitative studies. BMC Family
Practice. 2013;14(1):117.

Pai NP, Tulsky JP, Cohan D, Colford JM, Jr., Reingold AL. Rapid point-of-care HIV testing in pregnant
women: a systematic review and meta-analysis. Trop Med Int Health. 2007;12(2):162-73.

Kim KH, Jang JW, Woo MK, Oh JS, Han ET, Lee WJ, et al. Evaluation of four rapid diagnostic tests for
the diagnosis of Plasmodium vivax in Korea. Trop Med Int Health. 2011;16(11):1427-31.

Aldridge C, Foster HM, Albonico M, Ame SM, Montresor A. Evaluation of the diagnostic accuracy of
the Haemoglobin Colour Scale to detect anaemia in young children attending primary healthcare

clinics in Zanzibar. Trop Med Int Health. 2012;17(4):423-9.

This article is protected by copyright. All rights reserved.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tucker JD, Yang LG, Zhu ZJ, Yang B, Yin YP, Cohen MS, et al. Integrated syphilis/HIV screening in
China: a qualitative analysis. BMC Health Serv Res. 2010;10(58):1472-6963.

Hsieh Y-H, Gaydos C, Hogan T, Uy O, Jackman J, Jett-Goheen M, et al. 03-S6.05 Perceptions on point-
of-care tests for sexually transmitted infections-disconnect between frontline clinicians and
professionals in industry. Sexually Transmitted Infections. 2011 July 1, 2011;87(Suppl 1):A82-A3.
Agusti C, Fernandez-Lopez L, Mascort J, Carrillo R, Aguado C, Montoliu A, et al. Acceptability of rapid
HIV diagnosis technology among primary healthcare practitioners in Spain. AIDS Care.
2013;25(5):544-9.

Rintiswati N, Mahendradhata Y, Suharna, Susilawati, Purwanta, Subronto Y, et al. Journeys to
tuberculosis treatment: a qualitative study of patients, families and communities in Jogjakarta,
Indonesia. BMC Public Health. 2009;9(158).

Gosoniu GD, Ganapathy S, Kemp J, Auer C, Somma D, Karim F, et al. Gender and socio-cultural
determinants of delay to diagnosis of TB in Bangladesh, India and Malawi. International Journal of
Tuberculosis and Lung Disease. 2008;12(7):848-55.

Cain R, Jackson R, Prentice T, Collins E, Mill J, Barlow K. The Experience of HIV Diagnosis Among
Aboriginal People Living With HIV/AIDS and Depression. Qualitative Health Research. 2013 June 1,
2013;23(6):815-24.

Angotti N. Working outside of the box: How HIV counselors in Sub-Saharan Africa adapt Western HIV
testing norms. Social Science & Medicine. 2010;71(5):986-93.

Mol A. The body multiple: Ontology in medical practice. Durham, London: Duke University Press;
2002.

Engel N. New diagnostics for multi-drug resistant Tuberculosis in India: Innovating control and
controlling innovation. BioSocieties. 2012;7(1):50-71.

Zumla A, Cobelens F. Operational research and MDG tuberculosis control targets. The Lancet
Infectious Diseases. 2012;12(4):262-3.

Mann G, Squire SB, Bissell K, Eliseev P, Du Toit E, Hesseling A, et al. Beyond accuracy: creating a
comprehensive evidence base for TB diagnostic tools [State of the art]. The International Journal of
Tuberculosis and Lung Disease. 2010;14:1518-24.

Segagni Lusignani L, Quaglio G, Atzori A, Nsuka J, Grainger R, Da Conceicao Palma M, et al. Factors
associated with patient and health care system delay in diagnosis for tuberculosis in the province of
Luanda, Angola. BMC Infectious Diseases. 2013;13(1):168.

Ahmad RA, Mahendradhata Y, Utarini A, de Vlas SJ. Diagnostic delay amongst tuberculosis patients
in Jogjakarta Province, Indonesia is related to the quality of services in DOTS facilities. Trop Med Int

Health. 2011;16(4):412-23.

This article is protected by copyright. All rights reserved.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

45,

Finnie RKC, Khoza LB, van den Borne B, Mabunda T, Abotchie P, Mullen PD. Factors associated with
patient and health care system delay in diagnosis and treatment for TB in sub-Saharan African
countries with high burdens of TB and HIV. Tropical medicine & international health. 2011;16(4):394-
411.

Wagner GJ, Aunon FM, Kaplan RL, Rana Y, Khouri D, Tohme J, et al. A Qualitative Exploration of
Sexual Risk and HIV Testing Behaviors among Men Who Have Sex with Men in Beirut, Lebanon. PLoS
ONE. 2012;7(9):e45566.

Dowson L, Kober C, Perry N, Fisher M, Richardson D. Why some MSM present late for HIV testing: a
qualitative analysis. AIDS Care. 2012;24(2):204-9.

Needham DM, Foster SD, Tomlinson G, Godfrey-Faussett P. Socio-economic, gender and health
services factors affecting diagnostic delay for tuberculosis patients in urban Zambia. Trop Med Int
Health. 2001;6(4):256-9.

Claassens MM, du Toit E, Dunbar R, Lombard C, Enarson DA, Beyers N, et al. Tuberculosis patients in
primary care do not start treatment. What role do health system delays play? INT J TUBERC LUNG
DIS. 2013;17(5):603-7.

Peter MacPherson P, Houben RM, Glynn JR, Corbett EL, Kranzer K. Pre-treatment loss to follow-up in
tuberculosis patients in low- and lower-middle-income countries and high-burden countries: a
systematic review and meta-analysis. Bull World Health Organ. 2013;92:126-38.

Xu B, Fochsen G, Xiu Y, Thorson A, Kemp JR, Jiang QW. Perceptions and experiences of health care
seeking and access to TB care--a qualitative study in rural Jiangsu Province, China. Health Policy.
2004;69(2):139-49.

Cohen GM, Drain PK, Noubary F, Cloete C, Bassett IV. Diagnostic delays and clinical decision-making
with centralized Xpert MTB/RIF testing in Durban, South Africa. JAIDS Journal of Acquired Immune
Deficiency Syndromes. 2014;Publish Ahead of Print:10.1097/QAI1.0000000000000309.

Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Research in Psychology. 2006
2006/01/01;3(2):77-101.

Eisenhardt KM, Graebner ME. Theory building from cases: Opportunities and challenges. Academy of
Management Journal. 2007;50(1):25-32.

Rubin HJ, Rubin IS. Qualitative Interviewing: The Art of Hearing Data. 2nd ed. Thousands Oaks,
London, New Delhi: Sage Publications; 2005.

Schnippel K, Meyer-Rath G, Long L, MacLeod W, Sanne |, Stevens WS, et al. Scaling up Xpert MTB/RIF
technology: the costs of laboratory- vs. clinic-based roll-out in South Africa. Trop Med Int Health.

2012;17(9):1142-51.

This article is protected by copyright. All rights reserved.



46. Hanrahan CF, Dorman SE, Erasmus L, Koornhof H, Coetzee G, Golub JE. The Impact of Expanded
Testing for Multidrug Resistant Tuberculosis Using Geontype MTBDR<italic>plus</italic> in South
Africa: An Observational Cohort Study. PLoS ONE. 2012;7(11):e49898.

47. Jacobson KR, Theron D, Kendall EA, Franke MF, Barnard M, van Helden PD, et al. Implementation of
genotype MTBDRplus reduces time to multidrug-resistant tuberculosis therapy initiation in South

Africa. Clin Infect Dis. 2013;56(4):503-8.

Corresponding author: Nora Engel, Department of Health, Ethics & Society, Research School for
Public Health and Primary Care, Maastricht University, Postbus 616, 6200 MD Maastricht, The Neth-

erlands. Phone +31/43 3881128, email n.engel@maastrichtuniversity.nl

This article is protected by copyright. All rights reserved.



Table 1. Participant overview per setting

(attached to

clinic)

(LT); Lab Man-
ager (LM);

Setting Type of par- No. of interviewed participants (interview Total inter- | No. of FGDs
ticipant code) views (FGD code)
Urban Urban Rural Rural
Public Private Public Private
HOME TB patients DP#1, 0 DP#2,3, 0 7 FGD#1_TB,
(TB) and dia- OPD#1, HIV#1 FGD#7_TB
betic patients | 2,
(DP), HIV pa- | TB#1
tient (HIV),
general OPD
patients (OPD)
COMMUNITY Community CHW#1, 0 CHW#4, 0 18 FGD#2_CHW,
Health Worker | 2, 3,6, 7, 5, FGD#3_CHW,
(CHW); NGO 8,9, 10, NGO#2, 3 FGD#4_CHW,
TB coordina- 11, FGD#6_CHW
tor (NGO), NGO#1,
NGO nurse 4,5
(NN) NN#1, 2,
CLINIC Private practi- | CD#1, 2, PP#1, 2, CN#4, 5, PP#5, 6 27 FGD#5_nurses
tioner (PP); CN#1,2, | 3,4,7, 6, FH#1
clinic nurse 3,7,8,9, | 89
(CN), clinic PCM#1,
doctor (CD), 2,3,4,5,
Public clinic FH#1
manager
(PCM), Faith
healthers (FH)
PERIPHERAL LAB Lab technician | NHLS#1, | M#2, Mit1, 0 14
(stand-alone) (LT); Labman- | 2, LM#8, LM#6, 7
ager (LM); LT#1,2, 10
NHLS consult- | LM#1,2,
ants (NHLS), 9,
microbiologist | M#3
(M)
PERIPHERAL LAB Lab technician | LM#3 0 LM#4, 5 0 3
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HOSPITAL Specialist mo- | SMB#1,2, SN#1 10
lecular biology | SC#1,2,
(SMB), -chest | SRC#1,
(sc), - SD#1,
dermatologist | SHE#1,
(SD),- internal | SIM#1,
medicine (SI), SID#1
- infectious
diseases (SID),
-nutrition,
(SNJ), -
research co-
ordinator
(SRC), - health
economist
(SHE),
Hospital Man- | HM#1, 4, HM#2, 3 5
ager (HM); 5
Professional RN#1, 2, PN#1,2,3, 15
Nurse (PN), PN#5, 6, 4
Research 7,8, HD#1,2, 3
nurse (RN), HD#4, 5
Hospital doc-
tor (HD),
DIAGNOSITIC Managers MI#1,2 0 2
COMPANY from industry
(M1)
TOTAL 101
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Table 2. Tests conducted outside of labs in clinics and hospitals

Rural Urban
Clinic Public Urine dipstick, haemoglobin, blood pres- Urine dipstick, haemoglobin, blood pres-
sure, blood glucose (finger prick), HIV rapid, sure, blood glucose (finger prick), HIV
pregnancy tests, weight, pulse, rapid syphi- rapid, pregnancy tests, weight, pulse,
lis, temperature and mantoux, x-ray, ultra- rapid syphilis, temperature, mantoux
sound, rhesus test. and x-ray.
Private Urine dipsticks, haemoglobin, blood glucose | Urine dipsticks, haemoglobin, blood glu-
(finger-prick), HIV rapid, pregnancy and cose (finger-prick), HIV rapid, pregnancy,
blood pressure blood pressure, cholesterol, ECG stress
tests, lung function tests, Trigs, Troponin,
X-ray and ultrasound
Hospital District Blood glucose (finger prick), haemoglobin, Blood glucose (finger prick), haemoglo-
urine dipstick, pregnancy, X-ray, blood pres- | bin, urine dipstick, pregnancy, X-ray,
sure, temperature, rapid syphilis, HIV rapid, blood pressure, temperature, rapid
and Xpert MTB RIF assay. syphilis, HIV rapid, Xpert MTB RIF assay,
ultrasound, weight, ESR, cardiac en-
zymes,
Tertiary Not visited Glucogen Hypokit, haemoglobin, urine

dipstick, liver function and blood gas in
ICU, allergy skin test, blood pressure,
blood glucose (finger prick), vitals, X-ray,

lung function, ECG.
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