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Abstract

Background

Assessment of data quality is essential to successful monitoring & evaluation of tuberculosis
(TB) services. South Africa uses the Three Interlinked Electronic Register (TIER.Net) to
monitor TB diagnoses and treatment outcomes. We assessed the quality of routine pro-
grammatic data as captured in TIER.Net.

Methods

We reviewed 277 records from routine data collected for adults who had started TB treat-
ment for drug-sensitive (DS-) TB between 10/2018-12/2019 from 15 facilities across three
South African districts using three sources and three approaches to link these (i.e., two
approaches compared TIER.NET with the TB Treatment Record while the third approach
compared all three sources of TB data: the TB treatment record or patient medical file; the
TB Identification Register; and the TB module in TIER.Net). We report agreement and com-
pleteness of demographic information and key TB-related variables across all three data
sources.

Results

In our first approach we selected 150 patient records from TIER.Net and found all but one
corresponding TB Treatment Record (99%). In our second approach we were also able to
find a corresponding TIER.Net record from a starting point of the paper-based, TB Treat-
ment Record for 73/75 (97%) records. We found fewer records 55/75 (73%) in TIER.Net
when we used as a starting point records from the TB Identification Register. Demographic
information (name, surname, date of birth, and gender) was accurately reported across all
three data sources (matching 90% or more). The reporting of key TB-related variables was
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similar across both the TB Treatment Record and the TB module in TIER.Net (p>0.05). We
observed differences in completeness and moderate agreement (Kappa 0.41-0.60) for site
of disease, TB treatment outcome and smear microscopy or X-ray as a diagnostic test
(p<0.05). We observed more missing items for the TB Treatment record compared to TIER.
Net; TB treatment outcome date and site of disease specifically. In comparison, TB treat-
ment start dates as well as HIV-status recording had higher concordance. HIV status and
lab results appeared to be more complete in the TB module in TIER.Net than in the TB
Treatment Records, and there was “good/substantial” agreement (Kappa 0.61-0.80) for
HIV status.

Discussion and conclusion

Our key finding was that the TB Module in TIER.Net was more complete in some key vari-
ables including TB treatment outcome. Most TB patient records we reviewed were found on
TIER.Net but there was a noticeable gap of TB Identification patient records from the paper
register as compared to TIER.Net, including those who tested TB-negative or HIV-negative.
There is evidence of complete and “good/substantial” data quality for key TB-related vari-
ables, such as “First GeneXpert test result” and “HIV status.” Improvements in data com-
pleteness of TIER.Net compared to the TB Treatment Record are the most urgent area for
improvement, especially recording of TB treatment outcomes.

Introduction

The World Health Organization’s (WHO) “Joint Review of HIV, TB and PMTCT Programs in
South Africa” (2014), as well as more recent reports from UNAIDS (2018), emphasize that
integration of HIV and tuberculosis (TB) services are necessary for adequate service delivery at
primary health care facilities in South Africa [1-3]. Quality TB data is also critical for reporting
[1-5], a necessary condition to conduct monitoring and evaluation (M&E) of programs and to
inform decisions on policy and allocation of scarce resources [4, 6]. Inaccurate estimates at the
facility level mean inaccurate estimates of the burden of TB disease at the national level. The
quality of these “on the ground” data need to be understood and improved in order to ensure
the quality of data reported for WHO’s TB country profile and Global Tuberculosis Report are
of adequate quality [7].

TIER.Net and ETR.Net

The Three Interlinked Electronic Register (TIER.Net) was introduced in South Africa in
December 2010 and has been rolled out to the majority of public-sector ART service points
[8]. TIER.Net is an offline (networked sometimes within a single facility) electronic program
designed to maintain TB/HIV patient information [8]. It is described as a patient management
database and a tool to support routine collection and reporting of programmatic data into the
webDHIS which is a flexible, web-based open-source health information system [9]. The Uni-
versity of Cape Town’s (UCT) Centre for Infectious Diseases, Epidemiology and Research
(CIDER) and other partners developed and supported the roll out of this electronic medical
record software [10].

TIER.Net provides reports of patients being treated for HIV on a monthly and quarterly
basis (8). The TB module in TIER.Net was designed to capture patient level TB data
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electronically so that integrated TB and HIV information could be immediately accessible and
used for improving client care at facility level. The electronic TB register (ETR.Net) preceded
the TB module in TIER Net and was warehouse of TB data since 2004; recognized as a valuable
tool to guide program management of TB services [11]. ETR.Net was decommissioned around
March 2019, in support of an integrated TB and HIV information system. The TB module of
TIER.Net was rolled out in 2016 but, to date, this process has only been evaluated once with an
emphasis on implementation and fears around quality during the transition from ETR.Net to
TIERNet [12].

Quality of TB data

What we know about TB data quality in South Africa is limited to ETR.Net and the Electronic
Drug Resistant software (EDRWeb), the latter of which is used for drug-resistant TB and
beyond our focus [11, 13, 14]. In short, ETR.Net was described as user-friendly, secure and
flexible; however it was not based at the facility-level and relied on a combination of paper-
based registers [15]. ETR.Net was able to achieve its objective of informing the drug-sensitive
(DS) TB programme, but it was not without concerns of completeness and error [11, 13].
Quality TB data are a priority of the South Africa National Department of Health (NDoH);
South Africa’s National Strategic (NSP) for HIV, TB and STIs 2017-2022 (NSP 2017-2022)
[16] is aligned to international targets from the WHO including the Global End TB Strategy by
2030 [5]. The NSP calls specifically for 90-90-90 targets for TB that: 90% of all people who
need TB treatment are diagnosed and receive appropriate therapy as required; 90% of people
in key and vulnerable populations are diagnosed and receive appropriate therapy; and treat-
ment success is achieved for least 90% of all people [16]. For these targets to be measured and
for the TB-care cascade to be effectively monitored, successful integration of the TB module
within TIER.Net and achieving a minimum level of data quality is of paramount importance.
We therefore assessed the quality of TB and TB-related data captured in TIER.Net.

Methods

We conducted this data quality assessment of the TB module in TIER.Net to understand the
strengths and weaknesses of the TB module in three districts of South Africa: Johannesburg
Metro in Gauteng Province (GP), Mopani in Limpopo province (LP) and Bojanala Platinum
in the North West (NW) province of South Africa. Districts were selected based on consulta-
tion with the South African NDoH Drug-sensitive (DS)-TB Directorate and National
TB-Think Tank as well as accessibility and presence of established data collection teams oper-
ating in Johannesburg (within GP and near NW) and Tzaneen (within LP). Districts and facili-
ties were selected based on the following criteria: (1) TB cases diagnosed and treatment start
rate, identified from the routine District Health Information System (DHIS) and District
Health Barometer 2018/2019 [17]. We selected one high volume province (Gauteng) and two
low volume provinces (North West and Limpopo). Within these, we selected one district
above the treatment start rate (Bojanala Platinum 108.0 versus SA average 97.8) and one below
the treatment start rate (Mopani 95.2 versus SA average 97.8). Johannesburg was below the
average at 89.2., (2) the environment, including urban (Johannesburg), per-urban (Bojanala
Platinum) or rural (Mopani), (3) whether we had existing relationships with facilities or dis-
tricts, and last (4) whether we had staff that was familiar with these areas and could move
through these areas easily. Data collectors extracted data from 15 facilities between 15 October
and 15 December 2020.
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Study population

We reviewed routine data collected from adult patients that started TB treatment for DS-TB
between October 2018 and December 2019. We allowed a minimum of 6 months of follow-up
time to ensure that the full record of TB treatment with outcomes was available to review. Rec-
ords were collected from three sources (Table 1) and were systematically selected using three
sources (Fig 1). Eligibility criteria included: aged 18 years or older, DS-TB only and (not exten-
sively drug-resistant TB nor multidrug-resistant tuberculosis), and a TB treatment start date in
the timeframe above. Records were collected consecutively, according to the abovementioned
criteria and the procedures outlined under “Data Sources”, and working backward until the
required number of records had been collected.

Data sources

We used three data sources for this data quality assessment of the TB module in TIER.Net; two
paper (i) The TB Identification Register, (ii) TB Treatment Record or patient medical file, and
one electronic (iii) TB module in TIER.Net. Three different approaches were used to link the
different data sources. The first two compared TIER.Net with the TB Treatment Record while
the third approach compared all three sources of TB data: The TB Identification Register,
TIER.Net and the TB Treatment Record. The three approaches followed these sampling steps
(also described in Fig 1): 1) at each facility (n = 15), ten patients were selected from the TB
module in TIER.Net by filtering the electronic records in the database by last “TB Start Date”,
from the first record closest to a 30 September 2019 TB start date and then working back in

Table 1. Description of data sources.

Source Description
(i) The TB Identification Register (a paper-based The entry from routine screening into TB diagnostic testing.
register maintained by each TB treatment facility) The purpose of the Register is to collect necessary
information on people with TB symptoms, and assist with
the following:

« follow-up of patients with positive results who do not come
back for their results;

« monitoring whether all the results of specimens sent to the
laboratory are returned to the facility;

» monitoring of the Turn-Around-Time (TAT) for results;
« estimating the laboratory supplies needed by the facility;

« follow-up of symptomatic patients referred to hospital for
further investigations and final diagnosis.

This replaced the TB Suspect Register and the latest version
is from 2020, Form code: GW20/13 (S1 File). Also note the
paper TB Treatment Register is no longer used.

(ii) TB Treatment Record (paper-based/patient This is the blue paper record that is either kept separately in

medical file) a box or filing cabinet with other TB records or placed inside
the brown folder, the patient medical record. The purpose of
the TB Treatment Record is to record patients’ TB clinical
treatment history including testing, treatment and outcomes.
The latest version is from 2018, Form code: GW 20/12 (S2
File).

(iii) TB module in TIER.Net (electronic) This is the electronic TB record that includes information
from source (i) and (ii) as well as relevant HIV information

and basic demographics (such as names, gender, and date of
birth)

During our data collection facilities transitioned from
version 1.13.2 to 1.13.3 around Oct/Nov 2021. (S1 Table)

https://doi.org/10.1371/journal.pgph.0000312.t001
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Justification

This was the most convenient
approach to find records in a
systematic and reliable way.

The aim was to confirm that
archived records were
consistently recorded in
TIER.Net. Here we also had an
opportunity to check patient
records that were more likely
TB only as opposed to HIV/TB
patients.

This route was important for
us to understand the entire
data pathway from
testing/registration to
treatment.

We planned to collect 2
records with TB treatment
start dates and 3 who tested
TB negative, i.e. not TB
treatment start dates.

Sampling frame

Started with the last TB treatment
start date in September 2019 and
worked backwards in time

Aimed to find a record from each calendar quarter (Oct-Dec
2018, Jan-Mar 2019, Apr-Jun 2019, Jul-Sep 2019 Oct-Dec 2019)
selecting the first record starting from the earliest date of each

records from 15
facilities

screening every fifth record. If that | quarter.
record was not eligible we would
take the next record and continue
the process of screening every fifth
Total number of | 150 75 75

Fig 1. Record targets and route of identification.

https://doi.org/10.1371/journal.pgph.0000312.g001

time selecting every 5th record then finding the corresponding TB Treatment Record in the

facility’s filing room; 2) five TB Treatment Records which met the eligibility criteria were iden-
tified from available clinical records and then paired with the electronic record in the TB mod-
ule in TIER.Net; 3) lastly five records identified from the TB Identification Register were then
paired with the TB Treatment Record as well as the electronic record in the TB module in
TIER Net.

Data collection and management

We piloted data collection tools at a single facility not included in the 15 selected study sites.
Study tools were revised and finalised before data collection started. Data collectors were
trained in Good Clinical Practice, research ethics, and study procedures prior to commencing
data collection. Study staff with experience in reviewing HIV/TB clinical records were trained
to extract key data from the data sources and enter this into REDCap [18]. We conducted ad-
hoc quality checks to reduce missing data and errors in data entries. Data were entered directly
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into REDCap using laptops on site. Department of Health (DoH) facility staff assisted the
study team with locating TB Treatment Records and the TB Identification Register and access-
ing the TB module in TIER.Net on facility computers. National Health Laboratory System
(NHLS) laboratory results were considered a part of the TB Treatment Record but only if
printed and included in patients’ medical records.

Data analysis

Stata version 15 was used for analysis. Data were summarized using standard descriptive statis-
tics [19]. We created two datasets; the first included data from the TB module in TIER.Net and
the TB Treatment Record, and the second focused on the TB Identification Register. For the
second, we could only assess completeness and agreement for a small subset of indicators in
the TB Identification Register. This limited the inclusion of this source in some of the compari-
sons outlined below.

First, to describe the sample, we used proportions for the characteristics of the sample (e.g.,
records found, gender and route of identification), stratified by district. Second, to describe
the accuracy of demographic information, we present the proportion of records that matched
(agreed) for each variable, stratified by district, for the different identification routes. A match
was identified if both sources of information reported identical information. For the purpose
of this analysis, we excluded records if the corresponding record could not be located (i.e.,
TIER.Net to TB Treatment Record; TB Treatment Record to TIER.Net, or TB Identification
Register to either TIER.Net or TB Treatment Record). We also present data where the variable
of interest (e.g., name, surname, date of birth, gender, folder number) was present in both
sources and could be compared. Minor spelling differences were considered matches. Propor-
tions were compared using the chi-square test.

Third, to describe the completeness of data, we compared the reporting of key TB-related
variables across TIER.Net and the TB Treatment Record. TB treatment outcomes were pre-
sented according to WHOQ’s standard definitions and reporting framework for TB as cured,
completed treatment (treatment success (the sum of cured and treatment completed), died,
lost to follow up, treatment failure and not evaluated) [20]. Again, proportions were compared
using the chi-square test.

Fourth, to compare the accuracy of key TB-related variables and outcomes, we used agree-
ment between measurements. We used the weighted Kappa statistic for ordinal data, where
there are more than two categories assessed by two techniques. We present the observed agree-
ment (by calculating the frequency with which the two measurements agreed), the expected
agreement (first calculating the expected values of the cells in the 2x2 table using the marginal
frequencies, then using those cell numbers to calculate the frequency with which the two mea-
surements are expected to agree) and the Kappa (if the two measurements agree) [21]. The for-
mula for Kappa is (observer agreement—expected agreement)/1- expected agreement. The
value of Kappa was used to determine the strength of agreement; <0.20 poor, 0.21-0.40 fair,
0.41-0.60 moderate, 0.61-0.80 good/substantial and 0.81-1.00 very good/almost perfect [21,
22].

Last, to demonstrate if laboratory results agreed, we compared 2x2 tables with the propor-
tion of patients with a positive or negative first GeneXpert or first smear result, obtained from
the clinic record or TIER.Net. This analysis was restricted to patients who had a first GeneX-
pert or first smear result recorded in the clinic record and in TIER.Net. Then, we repeated this
for the proportion of patients that had a successful or unsuccessful TB treatment outcome.
Treatment outcomes were re-classified into successful (sum of cured and treatment com-
pleted) and unsuccessful TB treatment outcome (composite outcome including loss to follow-
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up, died, and treatment failure). Missing outcomes (no treatment outcome was assigned) or
where the outcome was “moved/transferred out to another treatment unit” were also included
as unsuccessful outcomes. Time to TB treatment outcome was calculated from the start of TB
treatment until the date the outcome was assigned, where the TB treatment outcome, the TB
treatment start date and the date the outcome was assigned were not missing. We used the
Mann-Whitney/Wilcoxon rank-sum test to compare independent samples and non-paramet-
ric continuous data.

We present the results in four sections: 1) Accuracy of demographic information across
sources; 2) Completeness of key TB-related variables across sources; 3) Accuracy of key TB-
related variables and outcomes using measures of agreement, and 4) Accuracy of laboratory
results, TB treatment outcomes and time to TB treatment outcome. The STROBE checklist for
cross-sectional studies guided our documentation [23, 24].

Ethical considerations

Ethical approval for the study was granted from the University of the Witwatersrand Human

Research Ethics (Medical) Committee (protocol number M200702). This was a retrospective

review of routine programmatic data and was exempt from collecting informed consent from
patients.

Results
Sample description

Shown in Table 2, in total we reviewed 277 facility-based records (222 TIER.Net records/TB
Treatment Records and 55 records from the TB Identification Register); in our first approach
we paired 149/150 (99%) TIER.Net records to a paper TB Treatment Record. In our second
approach we were also able to find a corresponding TIER.Net record from a starting point of a
paper-based, TB Treatment Record for 73/75 records (97%). We found fewer records 55/75
(73%) in TIER.Net from the starting point of records from the TB Identification Register with
similar findings across all sampled facilities. For the Register Review, over one quarter of rec-
ords, 20/75 (27%) could not be paired to TIER.Net, in part due to a register not being available
at four facilities. In the process of finding records, it appeared that patients who were HIV neg-
ative or had no laboratory confirmation of TB were not included in TIER Net. For those that
we could pair (n = 55), there were 20/55 (36%) TB-positive and 15/55 (27%) TB negative rec-
ords. Of those 20 records without a TB-status on the register, 10/20 (50%) were HIV-positive.

Table 2. Sample description as proportion of target.

Variable/Route of identification All 15 facilities

Gender*

Female 108 (42%)

Male 151 (58%)

Unknown 18
1. TIER.Net to TB Treatment Record 149/150 (99%)
2. TB Treatment Record to TIER.Net 73/75 (97%)
3. Register Review 55/75 (73%)
Total 277/300 (92%)

*unknown excluded from proportions.

https://doi.org/10.1371/journal.pgph.0000312.t002

Johannesburg Metro

36 (43%)
47 (57%)

6
49/50 (98%)
25/25 (100%)
15/25 (60%)
89/100 (89%)

Mopani District

39 (43%)
51 (57%)

5
50/50 (100%)
25/25 (100%)

20/25 (80%)
95/100 (95%)

Bojanala Platinum District

33 (38%)
53 (62%)
7
50/50 (100%)
23/25 (92%)
20/25 (80%)
93/100 (93%)
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Accuracy of demographic information across sources

Of the 222 records we examined “1) TIER.Net to TB Treatment Record” and “2) TB Treatment
Record to TIER.Net”, there was 90% or more agreement for personal information like name,
surname, and gender (Table 3). The agreement between records with date of birth and folder
number were slightly lower at 91% (195/214) and 83% (177/214), respectively. For the TB
Identification Register review (matching between the register and TIER.Net) there was 90% or
more agreement for most of the demographic information compared, with surname and gen-
der matching near perfect (98%).

Completeness of key TB-related variables across sources

Table 4 compares the presence of key TB-related variables (e.g., registration type, patient cate-
gory, treatment regimen and outcome) obtained from either the TB Treatment Record or
from TIER.Net. For the sample of 222 records from TIER.Net, 96% (214/222) of TB Treatment
Records could be located and analysed. The reporting of key TB-related variables was similar
(p>0.05) across both sources for most variables except for TB treatment outcomes, site of dis-
ease, and smear microscopy or X-ray as a diagnostic test (p<0.05). An example of similarity:
76% (137/181) of TB cases from the TB Treatment Record versus 77% (158/205) from TIER.
Net were newly registered. Conversely, a striking difference was found in TB treatment out-
comes, 31% (51/165) were classified as cured in the TB Treatment Record while this was much
lower in TIER.Net (11%; 24/214) (p<0.001).

Table 3. Accuracy of demographic information, by source of information (n = 277).

Variable Across 15 facilities
TIER.Net to TB Treatment Record and TB Treatment Record to TIER.Net (n = 222)

Records Identified 222
Corresponding record not found” 8/222 (3%)
Name-matched* 197/214 (92%)
Surname-matched 203/214 (95%)
Date of birth-matched 195/214 (91%)
Gender-match 207/214 (97%)
Folder number-match 177/214 (83%)

Treatment start date—match
TB Identification Register to TIER.Net (excludes agreement to TB Treatment Record) (n = 55)

Identified 55

Matched with a TIER.Net Record 51/55 (93%)
Name-matched 47/51 (92%)
Surname-matched 50/51 (98%)
Date of birth-matched 45/51 (88%)
Gender-match 49/51 (98%)
Folder number-match 45/51 (82%)
TB Treatment Record not found 23/55 (42%)

* A match was identified if both sources of information reported identical information.

*We excluded records if the corresponding record could not be located (i.e., TIER.Net to TB Treatment Record; TB
Treatment Record.

to TIER.Net or TB Identification Register to TIER.Net) and if the variable of interest was not present in both sources

and could not be compared.

https://doi.org/10.1371/journal.pgph.0000312.t003
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Table 4. Completeness of data between clinic records and TIER.Net for key TB-related variables (n = 222).

Variable TB Treatment Record: n (%) TIER.Net: n (%) P value*

N 214 222
Referral forms 78/214 (36%) unavailable -
Registration type

Newly registered 137/181 (76%) 158/205 (77%) 0.749

Transferred/Moved-in (TMI) 44/181 (24%) 47/205 (23%)

Missing 33/214 (15%) 17/222 (8%) -
Patient category

New 187/201 (93%) 202/213 (95%) 0.295

Relapse 8/201 (4%) 5/213 (2%)

Retreatment after 1st line failure 4/201 (2%) 4/213 (2%)

Retreatment after default - 2/213 (1%)

Other (or multiple categories) 2/201 (1%) -

Missing 13/214 (6%) 9/222 (4%) -
TB treatment regimen

Regimen 1 197/198 (99%) 213/213 (100%) 0.299

Other 1/198 (1%) -

Missing 16/214 (7%) 9/222 (4%) -
TB treatment start dates by quarter

Jan-Mar 2018 2/201 (1%) 1/209 (1%) 0.973*

Apr-May 2018 1/201 (1%) 3/209 (1%)

Jul-Sep 2018 1/201 (1%) -

Oct-Dec 2018 26/201 (13%) 25/209 (12%)

Jan-Mar 2019 36/201 (18%) 39/209 (19%)

Apr-Jun 2019 42/201 (21%) 46/209 (22%)

Jul-Sep 2019 70/201 (35%) 71/209 (34%

Oct-Dec 2019 23/201 (11%) 24/209 (12%)

Missing 13/214 (6%) 13/222 (6%)
Disease class

Extra pulmonary TB 44/188 (23%) 45/211 (21%) 0.619

Pulmonary TB 144/188 (77%) 166/211 (79%)

Missing 34/214 (16%) 11/222 (5%)
Site of disease (available in S3 Table) -

Missing 68/214 (32%) ‘ 11/222 (5%) -
Labs/Tests (based on a checklist)

None 15/214 (7%) 13/222 (6%) 0.696

Smear Microscopy (TB sputum) 144/214 (67%) 164/222 (74%) 0.039

GeneXpert 139/214 (65%) 134/222 (60%) 0.626

X-ray 10/214 (5%) 34/222 (15%) <0.001

Culture 16/214 (7%) 9/222 (4%) 0.150

LPA 5/214 (2%) 6/222 (3%) 0.760

Other 16/214 (7%) 71222 (3%) 0.054
TB treatment outcome

(Continued)
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Table 4. (Continued)

Variable TB Treatment Record: n (%) TIER.Net: n (%) P value*

Lost to follow-up (LTFU) 4/165 (2%) 19/214 (9%) <0.001*

Died 6/165 (4%) 13/214 (6%)

Transferred/Moved out 9/165 (5%) 17/214 (8%)

Cured 51/165 (31%) 24/214 (11%)

Treatment completed 94/165 (57%) 141/214 (66%)

Rifampicin resistant 1/165 (1%) -

Missing 49 (23%) 8 (4%) -
Presence of a treatment outcome date 157/214 (73%) 208/222 (94%) <0.001

Missing 57/214 (27%) 14/222 (6%) -
HIV status

Positive 132/192 (69%) 137/197 (70%) 0.866

Negative 60/192 (31%) 60/197 (30%)

Unknown/Missing 22/214(10%) 25/222 (11%)

*Proportions were compared across different sources using the chi-square test for proportions (or Fisher Exact test for sparse data)

¥ .
Fisher’s exact.

**Regimen 1 is a 2-month intensive phase of Isoniazid (H), Rifampicin (R), Pyrazinamide (Z) and Ethambutol (E) and a 4-month continuation phase of Isoniazid (H),

Rifampicin (R or Rif). Regimen 3 is for children and Other may include multi-drug resistant TB treatment-both outside of this paper’s scope.

Abbreviations: ART-antiretroviral therapy, GeneXpert Mycobacterium tuberculosis (MTB)/rifampin (RIF), LPA—Line probe assay for detection of Mycobacterium

tuberculosis, X-Ray—Energetic High-Frequency Electromagnetic Radiation.

https://doi.org/10.1371/journal.pgph.0000312.t004

Of note, for each of the key TB-related variables assessed, the missingness was less in TIER.
Net compared to what was observed in the TB Treatment Record. Of particular significance is
that almost one-third of TB treatment outcomes were not assigned in the TB Treatment record
(27%; 57/214). Presence of a treatment outcome date was also significantly lower in the TB
Treatment Record 157/214 (73%) as compared to what was in TIER.Net (208/222 94%;
p<0.001). HIV status recording was among the most similar (p = 0.866). Missingness varied
from: a 1% difference between the TB Treatment Record and TIER.Net for diagnostic lab test
to a much larger difference of 27% for site of disease (32% missing in the TB Treatment Record
compared to 5% in TIER.Net).

Accuracy of key TB-related variables and outcomes using measures of
agreement

We used the weighted Kappa statistic to calculate the agreement between key TB-related vari-
ables and outcomes (Table 5). The strength of agreement for all variables was more than mod-
erate (Kappa >0.41), with four of the eight variables having good/substantial agreement
(Kappa 0.61-0.80), but none of the variables indicated perfect agreement (Kappa >0.81). Of
note, TB treatment outcomes had the poorest strength of agreement between sources (Kappa
<0.5).

Accuracy of laboratory results, treatment outcome and time to treatment
outcome

We further interrogated the first GeneXpert result and the first TB smear result by creating a
dichotomous variable (positive or negative) for these results obtained from the TB Treatment
Record and from TIER.Net so we could visualize those results in a 2x2 table (S3 Table). We
found that among patients that had GeneXpert or TB smear result, the agreement between
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Table 5. Measures of agreement between categorical variables captured in the clinic record and TIER.Net (n = 222).

Variable Agreement Expected agreement Kappa statistic Strength of agreement”
Registration type 90.70% 63.68% 0.7439 Good/substantial
Patient category 94.95% 88.38% 0.5654 Moderate
Disease class 91.85% 64.46% 0.7706 Good/substantial
Site of disease* 90.04% 75.83% 0.5878 Moderate

First GeneXpert test result 92.00% 65.74% 0.7665 Good/substantial
First smear result 83.05% 57.64% 0.5999 Moderate

HIV status 84.06% 47.17% 0.6983 Good/substantial
TB treatment outcome 70.39% 41.62% 0.4929 Moderate

*We utilized linear weightings per STATA Kappa guidance and the multiple options of Site of disease.
**The value of Kappa was used to determine the strength of agreement; <0.20 poor, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good/substantial and 0.81-1.00 very

good/almost perfect.

https://doi.org/10.1371/journal.pgph.0000312.t005

sources was high. For the TB Treatment Record the first GeneXpert result, 75 positive results
in TIER.Net matched the 76 positive results in the TB Treatment Record (99%). While 17 neg-
ative results in TIER.Net matched the 22 results in the TB Treatment Record (77% of cases).
For first smear results: 24 positive results in TIER.Net matched the 31 positive results in the
TB Treatment Record (77%). Additionally, 74 negative results in TIER.Net matched the 81 in
the clinic records (91% of cases). In summation, when the result was “positive” in the clinical
records it was more than likely “positive” in TIER.Net as well. Despite the differences we saw
in Table 4, we saw agreement in terms of TB Outcomes, when we re-classified outcomes into
successful (sum of treatment completed or cured) and unsuccessful (LTFU, died, treatment
failure, transferred/moved out, rifampicin resistant, missing or unassigned outcome). TIER.
Net was correlated with the TB Treatment Record when there was both a successful outcome
140/144 (98%) as well as an unsuccessful outcome 16/19 (84%) (S3 Table).

We compared time to TB treatment outcome by each source. Comparing the time to out-
come, the median days (IQR) from start of TB treatment until outcome obtained from TIER.
Net was 185 (168-216) while the median days (IQR) obtained from the TB Treatment Record
records was higher 188 (180-231) (p = 0.252). While this result shows no difference in the
time to TB treatment outcome between the TB Treatment Record and TIER.Net, the result
should be interpreted with caution as it is limited to records that had both a TB start date and
TB outcome date. From Table 4, recall 21/214 (10%) did not have a start date from the TB
Treatment Record while 13/222 (6%) missing from TIER.Net; TB outcome dates were missing
more often in the TB Treatment Record than in TIER.Net: 65/165 (40%) and 14/222 (6%)
respectively; and TIER.Net had TB Treatment Outcome significantly more, about 20 percent-
age points higher.

Discussion

This study provides insight into the data quality of the TB module in TIER.Net as it compares
to the corresponding paper clinical file/records of TB treatment in public sector facilities in
three South African districts. Our key finding was that TIER Net was more complete in some
key variables including TB treatment outcome, TB treatment outcome date and site of disease
than the paper-based clinical record, the TB Treatment Record. In comparison, missing TB
treatment start dates as well as HIV status recording had higher concordance. We also note
some difficulty in finding TB records. In some cases, this was because of missing registers and
also varied, not exclusively, on the HIV-status and TB-status of the records. Importantly,

PLOS Gilobal Public Health | https://doi.org/10.1371/journal.pgph.0000312  September 28, 2022 11/17


https://doi.org/10.1371/journal.pgph.0000312.t005
https://doi.org/10.1371/journal.pgph.0000312

PLOS GLOBAL PUBLIC HEALTH Assessment of tuberculosis data quality in an integrated HIV/TB database in South Africa

TIER.Net, a part of the TB/HIV Information System (THIS) strategy (8,18), was designed as a
patient management system to capture the cascade of HIV and TB care, including negative test
results.

Our second main finding is that the agreement between TB Treatment Records and TIER.
Net for demographic information (name, surname, date of birth, and gender) was high
(>90%) and did not vary significantly across districts. The importance of this finding is the
potential utility of linking this information to other data sources, where demographic informa-
tion will be critical [25].

Our third main message is that the reporting (completeness) of key TB-related variables
across the TB Treatment Record and the TB module in TIER.Net was similar for most vari-
ables (p>0.05), except for TB treatment outcomes, site of disease, and smear microscopy or X-
ray as diagnostic tests (p<0.05). Where data was available to compare, “good/substantial”
agreement was observed for registration type, disease class, first GeneXpert test result and HIV
status. Of note, substandard agreement (Kappa <0.5) was observed for TB treatment outcomes
between sources.

We attribute observing TIER Net as more complete in terms of TB treatment outcomes,
disease class and HIV status for the following reasons: 1) TIER.Net has built-in reports that
can assist health care workers in the accuracy and completeness of records, an example of this
is the “Outstanding TB Outcome List” in TIER.Net; 2) TIER.Net also has built-in internal
logic controls such as only females can have a pregnancy status that are not possible on a paper
record 3) outcomes may be recorded in clinical notes and not in designated fields in the stan-
dard TB stationery and are possibly misclassified during data capturing; and 4) there may be a
time lag between when outcomes are assigned and when the file is captured in TIER.Net. This
may provide data capturers with an opportunity to update TB treatment outcomes in TIER.
Net from formal, such as a printed lab records, or undocumented sources, such as reading
from a digital lab record, and not the paper TB Treatment Record.

HIV status was also more complete in TIER.Net and there was “good/substantial” agree-
ment with the TB Treatment Record. However, our forth main finding is that HIV-status was
not of optimum completeness as HIV status was missing in 30/214 (14%) of TB Treatment
Records and 25/222 (11%) of TIER Net records. This suggests further attention is needed on
both good clinical practice and efforts to ensure HIV testing is well implemented and
recorded.

Our fifth finding is that TTER.Net appears to be more complete for some key TB-related lab
results. Of concern are some missing GeneXpert, culture and other tests (e.g. smear micros-
copy and LPA) in TIER.Net which requires further investigation. On further inspection, there
was almost a perfect match (99%) in both sources if the GeneXpert was positive, while this was
lower, 77%, when comparing positive smear results.

Context from corresponding literature

Our work is aligned to some of the latest TB data in South Africa. Specifically, we report HIV-
positive status of 132/197 (67%) in TIER.Net compared to 137/192 (69%) from the clinical rec-
ords both of which is within 10% points to recently released national TB Prevalence Study, cit-
ing coinfection of HIV/TB at 59% [26]. The missingness we report from the TB Treatment
Record is similar to what was reported by Jamieson et al. (2019) 11% of Disease Class (extra-
pulmonary or pulmonary TB), but the missingness we report from TIER.Net was lower (5%)
[14].

Historical assessments of ETR.Net data quality provide some helpful context: Podewils et al.
(2015) evaluated accuracy, completeness and reliability of routine TB surveillance data in 2009
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across two paper and four electronic sources (including the electronic TB register) [11]. They
found that completeness varied across sources for some of the program indicators (e.g., HIV
status) [27]. And that agreement also varied from: a high of kappa 0.94 for sex across sources;
moderate for patient type (0.78), treatment regimen (0.79), treatment outcome (0.71); and
poor for HIV status (0.33) [27]. Also well prior to the TB Module in TIER.Net, a study con-
ducted in the Stellenbosch District of Western Cape Province indicated that 17% of TB cases
with two smear-positive results were not recorded in the TB treatment registers [28]. Another
study conducted at the Chris Hani Baragwanath Hospital in Johannesburg indicated that 21%
of the patients referred to a clinic from the hospital did not attend any clinic in Soweto and
were also not recorded in the TB treatment register [29].

As opposed to Podewils (2015) who reported the South African data as “often incomplete
and inconsistent [27],” we are able to report two main positives: TB treatment data are avail-
able at the facility level and there is evidence of areas of improvement as well as areas of “good/
substantial” data quality. Lastly, our data quality assessment suggests TIER Net has adequately
replaced ETR.Net. However, this is not without benefits and losses. Our findings do not show
the presence of a previously strong and engaged sub-district management in the quality of TB
data. The evidence of “good/substantial” data quality that we present here could suggest some
of the fears of moving from away from ETR.Net to TIER Net that Myburgh et al. explored
have diminished [10].

This study suggests there is accurate and reliable data from the TB module in TIER. Net to
update/replicate the estimates in Naidoo et al.’s work [20]. With the caveat that the current
study has limited generalizability and that estimates of completeness and accuracy may vary
across high and low volume TB facilities and other provinces across South Africa.

Another important consideration is the challenge of tracing TB patients in South Africa’s
very mobile population. We can report that about a quarter of the records we reviewed were
transfer-in patients, and generally, we encountered complex referral pathways between hospi-
tals and the primary healthcare settings in which we conducted our data collection. The chal-
lenge of the unique patient ID is worth mentioning as it is not being used throughout all the
facilities we visited in Gauteng, Limpopo, and the North West despite assurances [30].

Strengths and limitations

This work provides a valuable addition to the scanty literature of TB quality data; of four of the
most recent publications on TB data quality in South Africa the most recent was covered data
only from 2015-2016 [11, 13, 14, 31]. We conducted a robust and rapid data quality assess-
ment across three different settings with Gauteng being a high-burden TB province, all during
the first year of the COVID-19 pandemic. Our first limitation was our limited scope as we only
reviewed TB data at the facility level and not across the entire health information system, spe-
cifically WebDHIS which is where national data are collated. Data access was also a limitation
especially around missing TB Identification Registers. We used single data entry, while double
data entry would have been a stronger data collection approach. We were unfortunately unable
to link to patient-level data from National Health Laboratory Services patient-level data to
TIER.Net records which would have enhanced the reliability of lab results. The study team was
trained to collect data from designated fields in the standard TB stationary. Information
recorded in the clinical notes (e.g., TB treatment outcomes or disease class) may have been
overlooked by the study team, resulting in an underestimate of data completeness for some
key TB-related variables. The retrospective nature of this study could have contributed to the
low count of X-rays observed in the clinic record (5% versus 15% in TIER Net). It is possible
that laboratory results or ancillary reports placed in the TB Treatment Record could become
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lost or misplaced over time. The relatively high missing records for HIV status in both the TB
Treatment Record (14%; 30/214) and TIER.Net (11%; 25/222) is another area of concern. This
gap requires further attention since an integrated patient management system may allow for
easy identification of those with an unknown or missing HIV status. Lastly, our work did not
assess data use to improve TB performance management which is a key driver to data quality
and part of the purpose of TIER.Net through its automated reports and patient list [32].

Conclusions

Improvements in data completeness of TIER.Net compared to the TB Treatment Record
seems the most urgent area for improvement, especially around recording of TB treatment
outcomes. Further operational research is needed to understand how data quality, data use
and accurate reporting can be optimized. Lastly, we provide evidence that the TB module in
TIER.net could be used to update the TB treatment cascade with seemingly improved data
quality compared to the past.
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