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Abstract 

 
Background 
Screening is important to prevent cervical cancer, but is only effective if women who 
screen positive for precancer undergo precancer treatment. Routine health 
information systems in South Africa currently do not monitor precancer treatment 
rates. 
 
Methods  
A retrospective cohort of 67 208 women screened in Johannesburg, 2017, used record 
linkage of laboratory records – cytology with high-grade squamous intraepithelial 
lesions (HSIL), and histology. The HSIL prevalence; and follow-up, confirmation and 
precancer treatment rates were calculated; as were the time intervals between these. 
Variables were compared across age, HIV status, screening facility type and 
subdistrict through logistic regression, Kruskal-Wallis and Wilcoxon rank-sum tests. 
 
Results  

HSIL prevalence was 6.2%. Follow-up occurred in 26.6% of the 4 182 women with 
HSIL on cytology over a median of 131 days. Treatment rate was 16.1%, performed 
in a median of 151 days. Screening at hospitals, CHCs and in subdistrict B had the 
highest follow-up and treatment rates.  
 
Conclusions 
Precancer treatment rates are far below the WHO’s elimination target. A simpler 
screening cascade; benchmarking against high-performing subdistricts; and improved 
information systems may improve precancer treatment rates to reduce cervical cancer 
incidence. 
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1. Background 

1.1. Introduction 

Cervical cancer is the most common cause of cancer deaths among women in South 
Africa.1 Despite a nationwide screening strategy with increasing coverage,2 the gaps 

in the screening cascade contribute towards not meeting the goal of reducing the 
incidence of cervical cancer.3 Routine monitoring of the screening cascade does not 
exist which presents an opportunity to use sources outside of the routine health 
information system to assist in monitoring this programme. 
 
1.2. Context 

The World Health Organization (WHO) estimated that there were 10 702 new cases 
of cervical cancer in South Africa in 2020.1 While it is the fourth most common cancer 
among women in the world resulting in an age-standardised death-rate (ASDR) of 7.3 
per 100 000 women,4 it is far more common in South Africa and has worse outcomes 
with an ASDR of 19.6 per 100 000 women.1 Persistent human papillomavirus (HPV) 
infection is the greatest risk factor for developing cervical cancer.5 HIV co-infection, 
which is highly prevalent in South Africa,6 substantially increases this risk .5,6 
 
To address the burden of cervical cancer, South Africa revised its Cervical Cancer 
Prevention and Control Policy7 in 2017. The policy guides primary prevention 
strategies such as HPV vaccination, and secondary prevention through screening for 
early detection and treatment of precancerous cervical lesions. Screening is 
recommended through three cervical smears, such as a Pap smear, performed at ten-
year intervals beginning at age thirty. Women living with HIV, who are at higher risk of 
developing cervical cancer, are recommended to undergo screening every three years 
from the time of their HIV diagnosis.7 The national strategy aligns with the WHO’s 
Comprehensive Cervical Cancer Control5 guidance document and with the WHO’s 
Global Strategy to Accelerate the Elimination of Cervical Cancer as a Public Health 
Problem.8 The elimination strategy includes the “90-70-90” global targets of achieving 
90% coverage of girls fully vaccinated against HPV; 70% of eligible women screened 

for cervical cancer; and a 90% treatment rate of women who screen positive for a 
precancerous lesion and those who are diagnosed with cervical cancer by 2030.8 
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A reduction in the incidence of cervical cancer through screening may only be 
achieved if a high proportion of at-risk women are screened and a high proportion of 
those who screen positive for precancerous lesions are treated.6,9 Precancerous 
cervical lesions such as high-grade squamous intraepithelial lesions (HSIL) have 
distinct cytological changes that may, over a few years, develop into cervical cancer.5 
The national policy recommends a treatment plan for women who have a 
precancerous lesion. This may entail two steps of a confirmatory diagnostic test and 
then treatment only if a precancerous lesion is confirmed; or a one-step process of 
treatment following the screening cervical smear that suggested a precancerous 
lesion.7 

 
In Johannesburg, the health district in the Gauteng province in South Africa where this 
study was conducted, studies have described a multi-step cascade of visits to multiple 
healthcare facilities to complete the cervical cancer screening process10–14 as 
summarised in Appendix D. A woman begins by having a screening cervical smear 
performed at a primary-level public sector healthcare facility.10 Patient information is 
captured onto a cytology request form, sent with the specimen to an off-site laboratory 
within the South African National Health Laboratory Services (NHLS) network, and 
then captured onto the NHLS electronic data system.15,16 The specimen is then sent 
to one of the central NHLS cytology laboratories for analysis. The woman returns to 
the healthcare facility to receive the results (usually four to six weeks after the 
procedure)11,14 A woman whose cytology results report HSIL (among other 
precancerous lesions or suspected cancer) is referred to a colposcopy clinic at a 
hospital7,10,17 within the Gauteng province. The appointment for this visit may be made 
telephonically or may require the woman to present herself to the hospital to schedule 
the appointment,10 which is usually booked for two to four months later.13 
 
At the colposcopy clinic, the decision to continue with a one- or two-step management 
process is based on the clinician’s findings or the protocol of the facility.12 The one-
step process involves performing a large loop excision of the transformation-zone 

(LLETZ) at the initial visit.12,13 This provides both confirmation of the diagnosis of a 
precancerous lesion and precancer treatment at the same time.7,12,13 The two-step 
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process involves a confirmatory biopsy done on the first visit and treatment with a 
LLETZ at the second visit only if the precancerous lesion is confirmed by the histology 
result of the biopsy.7,11 All procedures produce a specimen that is sent for histological 
analysis. For women following the two-step process, the first set of results that she 
returns to receive (four to six weeks after the procedure)11 will confirm the diagnosis 
and the second would describe the adequacy of the treatment. For those following the 
one-step process, both these elements are described in the first set of results. A similar 
procedure of data capturing onto a histology request form, and then into the NHLS 
electronic data system, is performed.15 
 

The NHLS performs cytology and histology analysis for all public sector healthcare 
facilities in South Africa.15,16,18 The data collected during procedures includes 
demographic and clinical details, and details about the procedure and specimen.15,18 
The data for a single procedure is saved as a single record. If a patient has another 
procedure, a new record is created and the demographic details of the patient is not 
linked between the records of the two procedures.15 Therefore, the cytology and 
histology records of a woman who has gone through the cervical cancer screening 
cascade exist on the NHLS system separately and are not identified as belonging to 
the same woman. NHLS data is stored at their Central Data Warehouse (CDW).14,15,18 
Though the data is exclusively pathology-related data and has challenges of not being 
linked, it may be a rich source of data for research and for programme monitoring and 
evaluation.14 
 
Routine monitoring of the cervical cancer screening programme is currently done by 
measuring only the cervical smear coverage19 (the first step of the screening process) 
and the incidence of cancer20 (the impact of the screening programme). There are no 
indicators in the South African national indicator data set (NIDS)19 that allow for the 
rest of the screening cascade to be monitored. As a priority cancer affecting women 
in South Africa,21 it is important to track indicators that measure how effective the 
programme is to reduce cervical cancer incidence. These indicators include the smear 

positivity rate, treatment rate and the waiting periods across the cascade.7,22 
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1.3. Literature review 

While indicators along the cervical cancer screening cascade are not routinely 
measured or monitored, several indicators have been measured in South African 
research. These indicators include the prevalence of precancerous lesions among 
women who have had cervical smears, the treatment rate of those with precancerous 
lesions, and the time periods between the different steps along the screening-to-
treatment cascade. Among a list of other indicators, these have been recommended 
in the national policy,7 in the national implementation plan10 and by the WHO.22 
 
Studies in South Africa have found mixed results of HSIL prevalence. A national, multi-
centre study of 20 000 women in the early 2000s showed an HSIL prevalence of 
1.88%.23 Other smaller studies around the country have since shown a similar24 or 
higher25 prevalence of HSIL. As HIV is a risk factor for developing precancerous 
lesions,5 studies focused on samples of women living with HIV26,27 have found a much 
greater HSIL prevalence, including a study in Johannesburg which found an HSIL 
prevalence of 18%.27 
 

The precancer treatment rate measures the proportion of women who received 
treatment among those who had a precancerous lesion detected. In the Overberg 
district in another South African province, the Western Cape, a study found that 51.3% 
of women with precancerous lesions had attended their follow-up appointment;25 in 
the eThekwini district in the province of KwaZulu Natal, 63.5% received treatment;26 
but in Johannesburg, the treatment rate has been found to be as low as 25.6%.11 The 
differences in the follow-up times and the treatment eligibility criteria make it difficult 
to confidently compare precancer treatment rates between studies. Follow-up times 
have sometimes not been explicitly documented25 or have extended to three11 or even 
five26 years after having the screening cervical smear. Treatment eligibility criteria has 
been influenced by the change in South African guidance between the 2000 national 
guideline28 and the 2017 policy7. Each document recommended different 
precancerous lesions for follow-up and the different follow-up plans included repeat 
cervical smears, confirmatory tests or treatment. Barriers to precancer treatment 
include transport difficulties due to the multi-step screening-to-treatment cascade24,29 
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and the long time to treatment from the screening cervical smear to the precancer 
treatment, resulting in loss to follow-up before precancer treatment.24 
 
The time to treatment is an important consideration for the success of the cervical 
cancer screening programme. While no South African standard exists for the time to 
treatment, the Centers for Disease Control and Prevention (CDC) of the United States 
of America supports a two-step management process with the standard of three 
months from the time of screening to the confirmatory test, and then a further two 
months from confirmatory test to precancer treatment.30 A recent study in 
Johannesburg elected to use a timeframe of six to seven months as an appropriate 

clinical standard of care.11 In Overberg, a study showed a mean time to treatment of 
4.5 months;25 similarly, in Johannesburg, a median time of 4.4 months has been 
measured.31 In eThekwini, however, the median time to treatment among women 
screened at an HIV clinic attached to a hospital was only 1.3 months.26 The reduced 
time to treatment seen in the eThekwini study may be due to the screening test and 
colposcopy both being performed at the same site and the service being integrated 
into routine HIV care, making it easier for women to follow up.32 Hospitals are more 
likely to have easier access to a laboratory on-site and quicker access to one of the 
12 centralised NHLS cytology laboratories33 therefore reducing the turnaround times 
of specimen processing and therefore the time at which a woman may follow up for 
results and subsequent management. 
 
Studies from other countries have also looked at indicators within their cervical cancer 
screening cascades. A cross-sectional study in Kenya found an HSIL prevalence of 
3.96%. with a 3.1 times greater odds of HSIL for women with HIV.34 A Chinese study 
found a 4.15% smear abnormality rate, a 70.54% follow-up rate for a colposcopy 
examination and an 82.40% follow-up rate for their subsequent confirmatory 
procedure. Loss to follow-up was seen mostly in the elderly, and mild-aged adults who 
were noted as likely being economic migrants.35 In Central America, an interventional 
study across four countries showed that 17.3% of women who were screened had a 

positive HPV result, 73.7% of these followed up for a confirmatory procedure, and 
72.0% of those who required treatment had received it.36 
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Concerns have been expressed about the quality of data available for programme 
monitoring. For instance, paper-based data that is routinely collected at healthcare 
facilities may be incomplete and this type of data does not allow for easy aggregation 
and disaggregation, longitudinal collection, and linkage of patients across different 
healthcare facilities.37,38 Many studies of the cervical cancer screening cascade in 
South Africa have made use of paper-based data sources. This includes primary data 
through data collection tools used at the point of care,23,27 and secondary data through 
extracting data from patient files17,25 registers at the screening24,31 and colposcopy 
clinics,31 and pathology reports generated by the NHLS.17,24 Electronic medical 
records have been used less commonly as a source of secondary data11,25,26 and has 

included the exclusive use of NHLS data.39 Electronic patient records may overcome 
the challenges associated with paper-based data, but the easy linkage of records over 
time and across facilities is difficult in the absence of a unique patient identifier, as is 
often the case in South Africa.40 Nevertheless, electronic records may have the 
potential to track indicators along the cervical cancer screening cascade. 
 
One way of overcoming the challenge of unlinked electronic healthcare data is through 
record linkage. This technique utilises the variables with similar information in different 
electronic datasets to link records that belong to the same person. Deterministic 
linkage performs exact matching of records and is most useful when both datasets 
have a common unique identifier. Probabilistic linkage matches records based on the 
similarity of information from multiple variables. These similarities generate a 
composite score that determines whether two records are likely to be a match or if 
they are likely to be the records of different people. Probabilistic linkage is more suited 
when unique identifiers are absent and when transcription of variables may be of 
inconsistent quality.41 The variables that are often used for the probabilistic record 
linkage process includes personal identifiers such as the patient’s name, sex, date of 
birth and address.42  
 
The public health opportunities of the record linkage technique include its use for 

broader disease surveillance through using data that is routinely collected from and 
across different sectors. Using linked data from healthcare facility diagnoses, disease 
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registries, and death records, it may be possible to determine disease distribution and 
track healthcare utilisation; while administrative data around socio-economic factors 
may be used towards understanding the determinants of disease.42  
 
In Brazil, the national electronic information system for the cervical cancer screening 
programme lacks unique identifiers. Research has been conducted to combine the 
cytology dataset of over 2.4 million records with the histology dataset of 7 477 records 
through deterministic and probabilistic record linkage. The researchers found that 
some data elements were of poor quality. The name and surname had additional 
characters and words and required extensive cleaning and standardisation. Names 

were compared on a phonetic basis which may have been less accurate because of 
a large number of Portuguese rather than English names. Addresses were of too poor 
a quality to use in the linkage process. Nevertheless, high sensitivity and specificity 
had been achieved at 94.86% and 99.50% respectively.43 
 
In South Africa, record linkage has been used in public health research. A pilot study 
of record linkage at the Agincourt Health and Demographic Surveillance System in the 
north-eastern part of the country assessed record linkage of records of attendees of 
healthcare facilities and population surveillance records.44 The research team found 
that the highest sensitivity and positive predictive value of the linkage was achieved 
by using both deterministic and probabilistic linkage on the personal identifiers that 
were extended to also include the patient’s telephone number and a name of a 
household member; using multiple string comparison techniques such as comparing 
letters and their order, or comparing strings phonetically; and performing a clerical 
review on a sample of linked records to adjust the linkage algorithm. The study 
recognised that monitoring the equitable access of healthcare services across the 
communities was a potential use for this linked dataset.44  
 
A 2018 study used probabilistic record linkage techniques on NHLS data.18 A 
combination of identifiers were used to compare different records within an HIV 

database over time in order to link multiple test records to a single patient. These 
identifiers included the name, surname, sex, date of birth, facility and province of the 
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patients. The precision of the record linkage had a sensitivity of 91% and a positive 
predictive value of 91%. Using the linked data, the study was able to track the various 
laboratory test results of patients. This was used to monitor the follow-up of people 
living with HIV in South Africa over six years. The presence of results was used as an 
indicator that a person followed up for their HIV care at a healthcare facility. The study 
was able to determine the rate of retention in HIV care over time, the movement of 
patients across the country, and was able to perform analyses on demographic and 
disease-specific factors from this database. The researchers recognised that their 
inferences from monitoring laboratory results may have underestimated retention in 
care. Any patient who did not undergo laboratory testing did not appear on the NHLS 

database and so were not considered to have been followed up, irrespective of 
whether or not appropriate clinical care was received. During the study period, the 
laboratory monitoring protocols of HIV care had changed, making an assessment of 
adequate care, through having the correct tests at the correct time intervals, difficult 
to assess.18  
 
1.4. Problem Statement 

In South Africa, there is an increasing incidence of cervical cancer despite the growing 
coverage of cervical smears as part of the cervical cancer screening programme.2 This 
suggests a gap between screening test and the treatment of precancerous lesions. 
There is no robust national or sub-national system to monitor the dropout rate and 
waiting times of women within the multi-step screening-to-treatment cascade at district 
level. This study has used record linkage techniques to match cytology and histology 
records from the NHLS CDW to analyse the proportion of women who were screened 
for cervical cancer and required treatment who received it. This research should 
contribute to monitoring the cervical cancer screening programme at district level and, 
as South Africa is a high HIV prevalence country, add to the body of research around 
cervical cancer in women living with HIV that is recommend by the WHO.8 
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1.5. Aim and Objectives 

The aim of this study was to use record linkage of data from the electronic NHLS 
database to analyse the follow-up, over two years, of women who had cervical smears 
done in public sector facilities of Johannesburg in 2017.  
 
The specific objectives were to: 
a) Determine the prevalence of HSIL on cervical cytology amongst the cohort of 
women 
who had a screening cervical smear in a public sector facility in Johannesburg, 2017. 
b) Determine the proportion of these women with HSIL who had a confirmatory test 
and/or precancer treatment in the Gauteng province within two years of the initial 
cervical smear. 
c) Determine the time between the screening cervical smear and the i) follow-up 
procedure, ii) confirmatory test, and iii) treatment; and between the confirmatory test 
and treatment. 
d) Compare these measures across age group, HIV status, and the facility type and 
subdistrict where screening took place. 

 
2. Methods 

2.1. Study design 

This was a retrospective cohort study using secondary laboratory data. Record linkage 
was used to link two laboratory datasets. This linkage was used to indicate if women 
were utilising healthcare services and following up through the national cervical cancer 
screening programme.  
 
2.2. Study setting 

The Johannesburg district is a metropolitan municipality and the economic hub of 
South Africa.45 It is a health district located in the centre of the Gauteng province and 
is one of the five districts in the province.45 Johannesburg is divided further into seven 
geographical subdistricts named A–G.45 Each subdistrict has its own management 
structure to operationalise the goals of the district.  
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Primary healthcare services in the public sector of Johannesburg, such as screening 
cervical smears, are provided across 114 primary healthcare clinics (PHCs), 11 
community healthcare centres (CHCs) and two district hospitals.46 When more 
specialised services are required, such as colposcopy, patients are referred to one of 
the two regional or three tertiary hospitals in Johannesburg or may follow up elsewhere 
in Gauteng where all levels of healthcare services are also available.46  
 
In Johannesburg, cervical cancer is ranked as the sixth most common cause of death 
in women aged 25-64.2 Prevention of cervical cancer through the screening 
programme follows the multi-step cascade summarised in Appendix D. A woman has 

a screening cervical smear at a primary healthcare facility, follows up for the cytology 
result and is referred for colposcopy if a precancer, such as HSIL, is detected. At the 
colposcopy clinic within a hospital, either a one-step LLETZ procedure is done to 
confirm and treat the precancer; or a two-step process of a confirmatory biopsy at the 
initial visit and a LLETZ at the subsequent visit only if the histology result of the biopsy 
confirms a precancer. 
 
2.3. Study population and sampling 

Johannesburg is the most populous district in the country with approximately 5.5 
million people of which around 2.57 million are women.45 In line with the national policy 
of three 10-yearly cervical cancer screening tests from the age of 30, the annual target 
for screening cervical smears is 10% of women over the age of 30 and is estimated at 
around 157 000.46  
 
The study cohort included the cytology records of all women who had a cervical smear 
at a public sector healthcare facility within the Johannesburg district from 1 January 
2017 to 31 December 2017. The histology laboratory records of all these women for a 
period of two years after the screening test were included in the analysis. No sampling 
was done. 
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2.4. Data extraction and cleaning 

Data were extracted from the NHLS databases to create two baseline datasets for the 
purposes of this study – a screening dataset and a histology dataset. To establish the 
screening dataset, records that included all gynaecological smears performed in 
Johannesburg in 2017 (69 317) were extracted from the NHLS cytology database. To 
establish the histology dataset, records that included all gynaecological specimens 
excised from women in Gauteng from the beginning of 2017 to the end of 2019 
(48 420) were extracted from the NHLS histology database. The latter dataset 
encompassed the whole of Gauteng because women may have a cervical smear in 
Johannesburg but have follow-up procedures outside Johannesburg. Therefore, to 
ensure that the follow-up of these screened women was not missed, histology records 
from all districts in Gauteng were extracted. 
 
To facilitate record linkage between the cytology and histology datasets, the following 
variables of personal details were extracted from both datasets: name, surname, 
national identity (ID) number, hospital/clinic number, address, date of birth, age and 
race. To achieve the study objectives, the following additional variables were extracted 

for each record: HIV status; specimen collection date, type and result; and facility 
name, type and subdistrict. These two datasets formed the baseline datasets from 
which data cleaning and record linkage was performed. The list of data elements 
extracted from the NHLS datasets is provided in Appendix E. 
 
Data cleaning was performed using STATA47 and Python.48 The first step of record 
linkage is pre-processing through cleaning and standardising the datasets. Non-
alphabet characters were removed from the name and surname; second names were 
removed, and multiple surnames were joined. Ages under 15 and over 100 were 
recoded based on the date of birth or were recoded as “Missing” if no valid date of 
birth was available. In the cytology dataset, facility types were recoded based on the 
facility name using sources from healthcare authorities in Johannesburg.49,50 Facility 
type was coded as “Other” for mobile clinics, clinics at workplaces, prisons, 
universities, and sites providing exclusively research-based services. The cytology 
dataset was deduplicated – exact duplicate records were removed (7); and for women 
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who had multiple records with the exact same personal details but with different 
specimen details, it was inferred that multiple cervical smears were done (904) and 
only the smear with the most clinically severe result, with a preference for the result of 
HSIL, was retained. An additional 1198 records of procedures that were not cervical 
smears were removed from the cytology dataset. Each record within the cytology and 
histology dataset was given a unique identifier. A third dataset (“HSIL dataset”) was 
created to include only those cytology records with the result of HSIL for use in the 
linkage process. 
 
2.5. Record Linkage  

Record linkage was performed between the HSIL dataset and the histology dataset. 
Deterministic record linkage was not performed because the only unique identifier, the 
national ID number, had too low a rate of completeness (2.5% of the HSIL dataset 
records). In the absence of a unique identifier, and to accommodate for variables with 
slight inaccuracies of the captured values, probabilistic record linkage was performed. 
This was done using coding in Python.48 
 

Performing a comparison between every variable of each record on one dataset with 
the corresponding variable of each record on a second dataset would require massive 
computing power and time due to the sheer number of combinations to compare.51 
This potential bottleneck was avoided using the record linkage technique of indexing 
through blocking. The blocking technique compares only a selected blocking variable 
between each record of one dataset with each record of the second dataset. If the 
blocking variable is an exact match, the two records are listed alongside each other 
as record pairs on a new dataset and only these record pairs are used for the next 
round of comparisons.41  
 
Selecting the blocking variable is restricted by the data quality, uniqueness of the 
variable and computing power available. A blocking variable should have a high rate 
of completeness and accuracy. A highly unique blocking variable, such as name, 
requires high computing power for the blocking process. A blocking variable that is not 
unique, such as sex or age, will match many records and create a very long list of 



 

 

13 

record pairs on the new dataset that will subsequently require high computing power 
for the next round of comparisons. Multiple blocks may be performed using a different 
blocking variable for each block. The record pairs generated from each block are 
appended to form a single list. Using multiple blocks will increase the probability of 
matching as some truly matching record pairs that do not match on one block may 
match on other blocks. Subsequently, however, too many blocking processes will 
result in a long list of record pairs that will require high computing power in the next 
round of comparisons.52  
 
Multiple blocks using different combinations of blocking variables were tried between 

the age, name, surname, and date of birth. The combination of blocks selected was 
that which resulted in a large number of record pairs on the blocking variable but within 
the constraints of computing power for the blocking process and subsequent 
comparisons. Two blocks were performed using the variables of age and then the first 
two letters of the surname. This resulted in “combined dataset 1” with records from the 
HSIL dataset alongside paired records with the same age from the histology dataset. 
The same process was used to create “combined dataset 2” based on the first two 
letters of the surname. Combined dataset 1 was appended to combined dataset 2 for 
comparisons to be performed on the other variables between each record pair.  
 
Comparisons were performed on the name, surname and date of birth (day, month 
and year separately) of each record pair. There were high rates of incompleteness of 
the address (93.63%) and race (99.15%) variables, and these were therefore omitted 
from the linkage process. A list of data elements used for record linkage between the 
two datasets are provided in Appendix E. Each variable of a record that originated 
from the HSIL dataset was compared with the variable of the record alongside it that 
originated from the histology dataset. A score was calculated based on how similar 
each variable was between the records that originated from the HSIL and histology 
datasets. The string variables of name and surname were compared using the Jaro-
Winkler string comparator.53 This comparator is a metric that compares string variables 

based on their lengths, number of matching letters in the correct order and the number 
of transpositions required for the strings to be the same. Furthermore, to 
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accommodate for spelling errors that often do not affect the first letter of a name or 
surname, the Jaro-Winkler comparison places a higher weighting on the initial letter of 
the string variable.53 The calculated score is between zero and one with the higher 
score indicating greater similarity.53 A threshold value of 0.85 (which has been used 
in other record linkage studies)54 for the Jaro-Winkler comparison was used to classify 
names and surnames as a potential matches or non-matches. 
 
As no gold-standard linked dataset was available, an estimation of the m-probability 
(the probability of a true match being identified by the record linkage process as being 
a match) and the u-probability (the probability of a true match being identified by the 

record linkage process as being a non-match) was generated using an expectation-
maximisation algorithm.41 Thereafter, a second scoring process was performed 
between potential links. The likelihood ratio of a variable to match and to not match 
was calculated using the m- and u-probabilities. These likelihood ratios were then used 
to calculate a linkage score for each potential link (a real number of which a higher 
number indicates a higher probability that the two records are a match). A threshold 
score was set at 15.098 and was then compared with the linkage score of each 
potential link. Those potential links with scores above the threshold and which had the 
highest linkage score were then regarded as matched records. These records were 
deduplicated. This second deduplication was necessary to account for the two 
blocking processes. As two blocking processes were performed and the two combined 
datasets were appended, the records that were successfully matched based on both 
blocking variables and scored above the threshold had appeared twice on the matched 
dataset. The matched dataset of 1 431 matched records was created.  
 
The matched dataset was manually reviewed through a clerical review of 250 records 
with the lowest linkage scores. This was to determine at what score the subjective 
quality of the matches was low and high. The name, surname, age, date of birth, race, 
address, national ID number, hospital number and facility name between the two 
matched records were manually compared to each other. It was found that most 

records with the lowest linkage score (201 records) did not seem to match a single 
patient. The comparison between the linkage score of each potential link and the 
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threshold was repeated using the next lowest linkage score as the threshold (15.465). 
This revised linkage threshold generated a new matched dataset of 1 230 records. A 
clerical review of the 10% of matched records with the lowest linkage scores showed 
that most records that were matched through the record linkage process were likely to 
be true matches. This new threshold was determined to be appropriate to ensure a 
high probability of true matches. 
 
As some women who had had a cervical smear with the result of HSIL may have had 
multiple follow-up procedures, the linkage process was repeated to detect the records 
of these additional procedures. Using the linkage score threshold of 15.465, as 

determined by the clerical review, the potential links above this threshold which were 
the second and third most likely matches were added to the matched dataset. This 
resulted in 801 of the 1 230 records being matched to two histology records and 206 
records matched to three histology records. 
 
A successful match of a record between the HSIL and histology datasets was used as 
an indication that a woman who had had a cervical smear with the result of HSIL had 
gone on to follow up with a procedure that produced a specimen for histology along 
the cervical cancer screening cascade. This matched dataset with a single cervical 
smear and up to three histology procedures was taken forward for further data 
management. 
 
2.6. Data management 

Data management was performed using STATA.47 The matched records were 
anonymised by removing the patient’s name, surname, date of birth, address, race 
and hospital and national identity numbers; and the facility names. For the matched 
record pairs of 1 230 patient records of the matched dataset, the different procedures 
were re-ordered to ensure that each procedure occurred chronologically, each follow-
up procedure was preceded by another procedure (eg. a record should only have a 
second follow-up procedure if a first follow-up procedure was done), and that the 
procedures were performed within the study period. Any procedure that preceded the 
cervical smear, that was performed beyond two years after the cervical smear, or did 
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not have a date was removed. The development of a final dataset is summarised in 
Figure 2.1. A list of data elements removed to anonymise the records is provided in 
Appendix E. 
 

The histology procedure type and result were already coded using SNOMED CT, an 
international coding system of clinical terminology,55 but these codes were frequently 
missing or incomplete. A free-text variable was available and included a clinical and 
procedure history from the attending clinician and the histological findings of the 
pathologist. This variable was manually reviewed, and the procedure type and result 
were extracted and coded in two new categorical variables for each histology 
procedure. 

Figure 2.1: Summary of developing the final dataset from the cytology and histology datasets 
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Summary variables were developed to indicate the different follow-up steps of the 
cervical cancer screening cascade. Categorical variables were created and coded 
(yes/no) to indicate if follow-up after the cervical smear was required (records where 
the cervical smear result was HSIL and, if a follow-up procedure had taken place, the 
follow-up result was also HSIL); if a first follow-up had taken place and if it was 
appropriate for the one-step (treatment) or two-step (confirmatory test) process; if a 
second follow-up procedure was required (records where the first follow-up was 
appropriate for the two-step process), if it had taken place and if it was appropriate for 
precancer treatment. Procedures that indicated treatment were: LLETZ, LEEP (loop 
electrosurgical excision procedure), hysterectomy (only if the cervix was included in 

the resection) and cone biopsy. Procedures that indicated a confirmatory test were: 
punch biopsy and cervical biopsy. A summary of criteria for each summary variable is 
provided in the Appendix E. 
 
Four numeric time variables were created and calculated between the dates of 
different procedures. The time to first follow-up was calculated as the interval between 
the cervical smear and the first histology procedure for women who had at least one 
follow-up histology procedure. The time to treatment was calculated for women who 
had a follow-up histology procedure that was appropriate for treatment of a 
precancerous lesion; and was calculated differently for women who followed up using 
the one- or two-step management process. For those following the one-step process, 
the time to treatment was calculated as the interval between the cervical smear and 
the first histology procedure; and for those following the two-step process, the interval 
between the cervical smear and the second follow-up procedure. The time to 
confirmation and time from confirmation to treatment were calculated for women who 
followed the two-step process and had a histology procedure that was appropriate for 
treatment of a precancerous lesion. Time to confirmation was calculated as the interval 
between the cervical smear and the first histology procedure; and time from 
confirmation to treatment was the interval between the first and second histology 
procedures. 
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The final dataset consisted of all women who underwent cervical screening. For those 
women who had a cytology result of HSIL, the additional variables from the record 
linkage and further data management processes were merged to the relevant records 
based on the unique identifier generated for the cytology dataset and preserved 
through the linkage process. The summary variables were reviewed and only existing 
or newly created variables with specific information relating to the study objectives 
were retained and are summarised in Appendix E. An example of a newly created 
variable in the final dataset is the variable for Management step that is coded only for 
those women who had a cytology result of HSIL, and was coded 0 if no follow up 
occurred, 1 if the one-step management process was done, and 2 if the two-step 

management process was done. This final dataset was then used to perform data 
analysis towards achieving the objectives of the study. 
 

2.7. Data analysis 

Data analysis was performed using STATA.47 Median and interquartile range (IQR) 

were used to summarise age (age followed a non-normal distribution), and frequency 
summaries were calculated across four exposure variables – age group, HIV status, 
and the screening facility type and subdistrict.  
 
Four binary (yes/no) outcome variables – HSIL on cytology, first follow-up done, 
confirmatory test done (two step processes begun), and treatment done – were 
summarised using frequencies across the exposure variables; and crude odds ratios 
(cOR) and 95% confidence intervals (CI) were calculated for each category within the 
exposure variables. Multivariate analysis was performed to assess the association 
between each outcome variable and the exposure variables using a stepwise logistic 
regression to identify only those exposure variables with a p-value of 0.05 or lower 
which were subsequently included in a model to calculate the adjusted odds ratios 
(aOR) and the associated 95% CI. 
 
The confirmatory test rate was calculated as the proportion of women who required a 
first follow-up who began the two-step process. As recommended by the WHO,22 the 
treatment rate calculation excluded women who had a precancerous lesion on 
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cytology but not on histology as these women were confirmed to not require treatment. 
The treatment rate was therefore calculated with a numerator of the women who 
received treatment and a denominator of women who had HSIL on cytology minus 
those women who had a first histology procedure that was appropriate for the two-
step management process but had a histology result that was not HSIL. 
 
The numeric outcome variables were summarised using medians and interquartile 
ranges (all followed non-normal distributions) across the four exposure variables. The 
Kruskal-Wallis test (for age group, facility type, subdistrict) and the Wilcoxon rank-sum 
test (for HIV status) were used to test for significant differences between each outcome 

variable with a p-value of 0.05. Furthermore, the time to first follow-up and time to 
treatment were assessed against an additional exposure variable of whether a one- 
or two-step management process was followed. These two time intervals were 
summarised and tested for association using the Wilcoxon rank-sum test and a p-
value of 0.05. 
 
2.8. Ethical considerations 

The Human Research Ethics Committee (Medical) of the University of the 
Witwatersrand granted ethics approval for this study (reference number: M200648). 
The Academic Affairs, Research and Quality Assurance Committee of the NHLS 
authorised the use of laboratory data from the CDW (reference number: PR20298). 
 
3. Results 

3.1. Participant characteristics 

The analysis included 67 208 women who had a cervical smear in Johannesburg 
public sector healthcare facilities in 2017. The median age of women was 40 years 
(IQR: 32 – 50), with 71.77% (48 233) of women within the age group 30-59 years. The 
HIV status of 26 250 (39.06%) women were missing, and of those with a record of HIV 
status, 48.84% (20 003) of women had HIV. Most cervical smears were performed in 
PHCs (44 200; 65.77%) and most were at facilities in subdistricts D (15 597; 23.31%) 

and F (14 615; 21.75%). The characteristics of the women screened are summarised 
in Table 3.1. 
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3.2. HSIL prevalence and the follow-up, confirmatory test and treatment rates 

Of the 67 208 women screened, the prevalence of HSIL on cytology was 6.22% 
(4 182). A summary of women who screened positive with HSIL is summarised in 
Table 3.1.  
 
Table 3.1: Summary of the women who had cervical smears, who screened positive with 
HSIL and who had a first follow-up procedure 

  Cervical smears Cytology result: HSIL First follow-up done 
Characteristic n % n % n % 
  67 208 100 4 182 100 1 112 100 

Age group            
15-29 11 010 16.38 555 13.27 121 10.88 
30-39 20 822 30.98 1 650 39.45 442 28.75 
40-49 16 875 25.11 1 210 28.93 284 34.53 
50-59 10 536 15.68 476 11.38 116 10.43 
60+ 6 420 9.55 202 4.83 43 2.87 
Missing 1 545 2.30 89 2.13 6 0.54 
HIV status           
Negative 20 955 31.18 686 16.40 168 21.76 
Positive 20 003 29.76 2 082 49.76 604 78.24 
Unknown 26 250 39.06 1 414 33.81 0 0 
Screening test facility type       
PHC 44 200 65.77 2 690 64.32 635 57.10 
CHC 8 306 12.36 623 14.90 161 14.48 
Hospital 8 087 12.03 699 16.71 297 26.71 
Other 6 615 9.84 170 4.07 19 1.71 
Screening test subdistrict     
A 8 802 13.10 628 15.02 144 12.95 
B 8 065 12.00 521 12.46 258 23.20 
C 5 645 8.40 345 8.25 87 7.82 
D 15 597 23.21 972 23.24 249 22.39 
E 6 280 9.34 411 9.83 49 4.41 
F 14 615 21.75 818 19.56 224 20.14 
G 8 204 12.21 487 11.65 101 9.08 
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Of the 4 182 women who screened positive with HSIL and required follow-up, 1 112 
(26.59%) women had a follow-up procedure, and 766 (68.88%) of these women had 
a histology result confirming HSIL. Among the 766 women with HSIL confirmed on 
histology, 62.01% (475) began the one- step process of being treated for a 
precancerous lesion. The remaining 291 (37.99%) began the two-step process by 
having a confirmatory histology test at their first follow-up visit, of which 144 (49.48%) 
followed up a second time to receive treatment of their precancerous lesion. Figure 
3.1 summarises the number of women followed up along each stage of the cervical 
cancer screening cascade. 
 

 
 

Figure 3.1: Summary of the number of women along each step of the cervical cancer screening 
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The confirmatory test rate (which also indicates the proportion of women who followed 
the two-step management process) of the 4 182 women with HSIL on cytology was 
11.69% (489). The treatment rate of the 4 182 women was 19.13% (800). However, 
346 women with a cytology result of HSIL were shown to not have HSIL on histology 
of their first follow-up test. These 346 women therefore did not require treatment and 
were excluded from further analysis along the management processes. The 
confirmatory test rate and treatment rate among these remaining 3 836 women was 
found to be 7.59% (291) and 16.14% (619) respectively.  
 
3.3. Time intervals between screening tests, confirmatory tests and treatment  

Of the 1 112 women who required and had a first follow-up, the time from their 
screening cervical smear to follow-up had a median of 131 days (IQR 80-189). For the 
291 women with confirmed HSIL on histology who underwent the two-step process, 
the time from the screening cervical smear to confirmatory test had a median of 123 
days (IQR 51-175), and from the confirmatory test to treatment of 125 days (IQR 84-
210). The time to treatment had a median of 135 days (IQR 92-194) for women who 
underwent the one-step management process, 272 days (IQR 186-384) for the two-

step management process, and 151 days (IQR 101-246) overall. Table 3.2 
summarises the time intervals between procedures across the different characteristics 
of the participants. 
 
3.4. Factors associated with HSIL prevalence and the follow-up, confirmatory 
test and treatment rates 

The results of the logistic regression analysis assessing the association between the 
four categorical exposure variables (age group, HIV status, and facility type and 
subdistrict where the cervical smear was done) and three of the binary outcome 
variables (first follow-up done, confirmatory test done, and treatment done) are 
presented in Table 3.3. 
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Table 3.2: Summary of the time intervals between screening tests, confirmatory tests and 
treatment  

 Screening test to 
 first follow-up 

Screening test to 
confirmatory test 

Confirmatory test to 
treatment 

Screening test to 
treatment  

Characteristic n median (IQR) n median (IQR) n median (IQR) n median (IQR) 
 1 112 131 (80-189) days 291 123 (51-175) days 144 125 (84-210) days 619 151 (101-246) days 

Age group                 
15-29 121 127 (69-176) 34 133 (83-177) 18 160 (130-210) 71 128 (78-254) 
30-39 442 127 (78-187) 123 122 (41-165) 61 113 (70-211) 257 146 (97-227) 
40-49 284 134 (82-194) 107 121 (54-176) 50 118 (98-189) 216 158 (106-262) 
50-59 116 135 (92-195) 15 124 (94-155) 9 116 (112-251) 55 168 (119-232) 
60+ 43 139 (61-188) 10 107 (61-181) 5 156 (111-244) 16 232 (163-362) 
HIV status                 
Negative 168 131 (82-177) 34 151 (107-224) 16 172 (112-233) 91 141 (99-246) 
Positive 604 128 (76-183) 177 115 (49-172) 86 140 (97-243) 337 147 (99-252) 

Screening test facility type                

PHC 635 134 (90-189) 175 132 (76-181) 75 119 (98-192) 344 152 (104-244) 
CHC 161 127 (90-168) 23 131 (89-187) 13 140 (100-184) 105 132 (100-185) 
Hospital 297 125 (52-202) 90 78 (31-141) 56 122 (71-248) 163 168 (102-279) 
Other 19 44 (28-161) 3 90 (42-161) 0 - 7 36 (16-202) 

Screening  test subdistrict              

A 144 56 (29-135) 64 72 (33-176) 17 154 (117-252) 61 78 (34-279) 
B 258 126 (52-209) 113 97 (42-162) 65 116 (78-243) 114 230 (124-383) 
C 87 144 (110-189) 34 138 (118-176) 20 183 (106-215) 45 220 (136-295) 
D 249 137 (107-181) 12 127 (53-178) 4 153 (110-216) 175 138 (112-180) 
E 49 150 (100-233) 14 132 (156-350) 5 133 (116-195) 22 185 (126-282) 
F 224 132 (86-185) 51 130 (104-166) 33 106 (92-140) 131 154 (93-243) 
G 101 146 (116-204) 3 307 (224-337) 0 - 71 139 (116-193) 

 
The odds of a cytology result of HSIL was significantly higher among women aged 30-
39 (aOR 1.37; 95% CI 1.21-1.55) and aged 40-49 (aOR 1.23; 95% CI 1.08-1.40) than 

younger women (referent); living with HIV (aOR 3.02; 95% CI 2.75-3.31) than those 
without HIV (referent); and women who screened at CHCs (aOR 1.19; 95% CI 1.07-
1.33) and hospitals (aOR 1.21; 95% CI 1.08-1.36) compared to PHCs (referent). Most 
subdistricts had significantly lower odds of HSIL than subdistrict A (referent) on 
univariate analysis, but these odds were not significant once controlled for the other 
three exposure variables. 
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Of the 1 112 women who required and attended a follow-up, after controlling for all 
exposure variables, facility type and subdistrict were significantly associated with 
follow-up. Significantly higher odds of follow-up were seen in women who screened at 
CHCs (aOR 1.28; 95% CI 1.03-1.58) and hospitals (aOR 1.61; 95% CI 1.26-1.90); and 
in subdistrict B (aOR 2.68; 95% CI 2.02-3.45). Subdistrict E had 0.42 times the odds 
(aOR 0.42; 95% CI 0.29-0.60) for follow-up than the referent. 
 
Of the 766 women with HSIL confirmed on histology, the odds of having a confirmatory 
test and entering the two-step management process rather than the one-step process 
was significantly associated with the screening facility type and subdistrict. Women 

who screened at a healthcare facility other than the regular PHC, CHC or hospital had 
an odds of 0.24 (aOR 0.24; 95% CI 0.07-0.78) of having a two-step process than 
screening at a PHC. Subdistricts D (aOR 0.10; 95% CI 0.05-0.19), E (aOR 0.29; 95% 
CI 0.16-0.53), F (aOR 0.61; 95% CI 0.40-0.94) and G (aOR 0.05; 95% CI 0.02-0.17) 
all showed significantly lower odds of following the two-step process; and subdistrict 
B 2.52 times the odds (aOR 2.52; 95% CI 1.70-3.74) than subdistrict A. 
 
The odds of being treated among those with histology-confirmed HSIL was also 
significantly associated with facility type and subdistrict. Women who screened at 
CHCs (aOR 1.34; 95% CI 1.04-1.72) and hospitals (aOR 1.63; 95% CI 1.28-2.09); or 
screened in subdistricts B (aOR 2.47 95% CI 1.70-3.58), D (aOR 1.80; 95% CI 1.30-
2.49), F (aOR 1.78 CI 1.26-2.53), and G (aOR 1.48; 95% CI 1.02-2.15) had 
significantly higher odds of being treated than their respective reference categories. 
Subdistrict E had lower odds (aOR 0.47; 95% CI 0.28-0.78) of being treated than 
subdistrict A.  
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Table 3.3:  Factors associated the follow-up, confirmatory test and treatment rates 

 First follow-up done (n=1 112) Confirmatory test done (n=291) Treatment done (n=619) 
 n (%) cORa (95% CIb) aORc (95% CI) n (%) cOR (95% CI) aOR (95% CI) n (%) cOR (95% CI) aOR (95% CI) 

Age group        removed (p=0.38)     removed (p=0.25)       removed (p=0.50) 

15-29 121 (10.88) ref   34 (11.68) ref   71 (11.47) ref  

30-39 442 (38.75) 1.31 (1.04-1.65)   123 (42.27) 1.25 (0.85-1.86)   257 (41.52) 1.28 (0.97-1.70)   
40-49 284 (34.53) 1.67 (1.32-2.11)   107 (36.77) 1.54 (1.03-2.31)   216 (34.89) 1.55 (1.16-2.07)   
50-59 116 (10.43) 1.16 (0.86-1.55)   15 (5.15) 0.53 (0.28-0.99)   55 (8.89) 0.95 (0.65-1.39)   
60+ 43 (3.87) 0.97 (0.66-1.43)   10 (3.44) 0.84 (0.41-1.74)   16 (2.58) 0.62 (0.35-1.09)   
Missing 6 (0.54)     2 (0.69)    4 (0.65)     
HIV status        removed (p=0.08)       removed (p=0.06)       removed (p=0.10) 

Negative 168 (21.76) ref   34 (16.11) ref   91 (21.26) ref   
Positive 604 (78.24) 1.26 (1.03-1.54)   177 (83.89) 1.56 (0.99-2.44)   337 (78.74) 1.27 (0.98-2.63)   
Unknown                   
Facility type of cervical smear                 
PHC 635 (57.10) ref ref 175 (60.14) ref ref  344 (55.57) ref ref 
CHC 161 (14.48) 1.13 (0.92-1.38) 1.28 (1.03-1.58) 23 (7.90) 0.38 (0.23-0.63) 1.20 (0.74-1.97) 105 (16.96) 1.39 (1.10-1.77) 1.34 (1.04-1.72) 
Hospital 297 (26.71) 2.39 (2.01-2.85) 1.54 (1.26-1.90) 90 (30.93) 1.29 (0.92-1.81) 1.41 (0.99-2.00) 163 (26.33) 2.34 (1.89-2.90) 1.63 (1.28-2.09) 
Other 19 (1.71) 0.41 (0.25-0.66) 0.32 (0.19-0.52) 3 (1.03) 0.66 (0.17-2.58) 0.24 (0.07-0.78) 7 (1.13) 0.28 (0.13-0.61) 0.22 (0.10-0.47) 
Subdistrict of facility of cervical smear                 
A 144 (12.95) ref ref 64 (21.99) ref ref 61 (9.85) ref ref 
B 258 (23.20) 3.30 (2.56-4.25) 2.68 (2.02-3.54) 113 (38.83) 1.59 (0.95-2.64) 2.52 (1.70-3.74) 114 (18.42) 3.19 (2.27-4.49) 2.47 (1.70-3.58) 
C 87 (7.82) 1.13 (0.83-1.54) 1.10 (0.81-1.50) 34 (11.68) 0.94 (0.49-1.78) 0.97 (0.62-1.51) 45 (7.27) 1.44 (0.95-2.17) 1.39 (0.92-2.10) 
D 249 (22.39) 1.16 (0.91-1.46) 1.02 (0.80-1.31) 12 (4.12) 0.05 (0.02-0.10) 0.10 (0.05-0.19) 175 (28.27) 2.08 (1.53-2.85) 1.80 (1.30-2.49) 
E 49 (4.41) 0.45 (0.32-0.65) 0.42 (0.29-0.60) 14 (4.81) 0.57 (0.25-1.27) 0.29 (0.16-0.53) 22 (3.55) 0.52 (0.31-0.86) 0.47 (0.28-0.78) 
F 224 (20.14) 1.27 (1.00-1.61) 1.22 (0.94-1.59) 51 (17.53) 0.36 (0.21-0.60) 0.61 (0.40-0.94) 131 (21.16) 1.86 (1.35-2.58) 1.78 (1.26-2.53) 
G 101 (9.08) 0.88 (0.66-1.17) 0.83 (0.62-1.11) 3 (1.03) 0.03 (0.01-0.10) 0.05 (0.02-0.17) 71 (11.47) 1.59 (1.10-2.29) 1.48 (0.09-0.15) 
a: crude odds ratio. b: confidence interval. c: adjusted odds ratio.       



 

3.5. Factors associated with the time intervals between the screening test, 
confirmatory test and treatment 

Factors associated with the time intervals between the screening test, confirmatory 
test and treatment, and relevant test results, is summarised in Table 3.4. The time to 
follow-up was significantly associated with facility type (chi2(3)=8.344; p=0.0394) and 
subdistrict where the screening test was performed (chi2(6)=70.648; p=0.0001), and 
whether a one-step or two-step management process was followed (chi2(1)=9.911; 
p=0.0016). 

  
The time to treatment was significantly associated with the age group of women 

(chi2(4)=12.969; p=0.0114), the facility type (chi2(3)=8.287; p=0.0404) and subdistrict 
(chi2(6)=50.643; p=0.0010), and whether a one- or two-step process was followed 
(chi2(1)=102.102; p=0.0001). Markedly longer times to treatment were experienced 
by women aged 61-75 (median 246 days; IQR 160-328), who screened in subdistrict 
B (median 230; IQR 124-383) and C (median 220; IQR 136-295), and those following 
the two-step process (median 272; IQR 186-384). Very short times to treatment were 
found in women who had their screening done at a healthcare delivery platform outside 
the general public sector facilities (median 36; IQR 16-202) or in subdistrict A (median 
78; IQR 34-279). 
   
For the 291 women who began the two-step management process, the first step from 
their cervical smear to confirmatory test was significantly associated with the facility 
type (chi2(3)=15.892; p=0.0012) and subdistrict (chi2(6)=22.952; p=0.0008). The 

Table 3.4: Summary of factors associated with time intervals between the screening test, 
confirmatory test and treatment 

Characteristics 
Screening test to 

first follow-up 
Screening test to 
confirmatory test 

Confirmatory test to 
treatment 

Screening test to 
treatment  

chi2 (df)a p-value chi2 (df) p-value chi2 (df) p-value chi2 (df) p-value 

Age group 2.117 (2) 0.7142 1.790 (4) 0.7743 4.224 (4) 0.3765 12.969 (4) 0.0114 

HIV status 0.085 (1) 0.7709 3.823 (1) 0.0506 0.374 (1) 0.5406 0.001 (1) 0.9750 
Screening test facility type 8.344 (3) 0.0394 15.892 (3) 0.0012 0.650 (2) 0.7225 8.287 (3) 0.0404 

Screening test subdistrict 70.648 (6) 0.0001 22.952 (6) 0.0008 7.011 (5) 0.2198 50.643 (6) 0.0010 

Management steps 9.911 (1) 0.0016 - - - - 102.102 (1) 0.0001 
a: degrees of freedom         
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second step of the management process was not significantly associated with any of 
the exposure variables. The intervals measured were not significantly associated with 
the HIV status of women.  
 
4. Discussion 

Population-level prevention of cervical cancer through screening begins with achieving 
a high coverage of screening followed by treatment of precancerous lesions that are 
identified through screening. Key indicators of the cervical cancer programme include 
the screening and precancerous treatment rates.7,22 These indicators allow for 
programme monitoring and to track progress towards the WHO global targets to 
eliminate cervical cancer as a public health problem.8 In the absence of routine data 
on precancer treatment rate,19 this study set out to use a novel approach of record 
linkage of laboratory data to develop a dataset that was subsequently used to measure 
the rates of women following up along the cervical cancer screening cascade. The 
major findings of this study were that 67 208 cervical smears were performed and 
there was an HSIL prevalence of 6.22% in the public sector of Johannesburg in 2017; 
follow-up occurred in around a quarter of the women, of which 38.00% began 

management with a confirmatory test. Among those who required treatment, 16.14% 
had received it. The one-step management was more common and had a shorter time 
to treatment. Overall, the median time to treatment was 151 days. The follow-up rate, 
confirmatory test rate and treatment rate; and the times from the cervical smear to 
follow-up, confirmatory test and treatment were significantly associated with facility 
type and subdistrict. This section discusses the public health implications of these 
findings and relates the findings to existing literature. 
 
In the 2016/2017 financial year, the District Health Barometer (DHB), which draws 
data primarily from the District Health Information Software (DHIS), reported that the 
coverage of cervical cancer screening in the Johannesburg district was 47.40% 
approximating to 62 000 women.46 This study found the cervical smear records of over 
67 000 women which is greater than the reported district coverage,46 but more similar 
to a study of NHLS data where 65 500 cervical smears were found during the 
2013/2014 financial year.39 No study was found that covered the exact study period 
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and population as this study and the differences in screening coverage across the 
different sources are likely due to the discordance in dates between the study periods. 
Furthermore, the higher number of cervical smears found in this study may reflect the 
DHB’s exclusion of the 6 615 screening tests performed at sites listed under “other” 
which may not be captured on the DHIS; or that exclusively screening cervical smears 
are included in the DHB study population,46 while this study could not differentiate 
between diagnostic and screening cervical smears. The district coverage reported by 
this study, the 2013/2014 study39 and the DHB46 all show that the district annual target 
of 158 000 screening tests was not reached, and coverage was lower than what was 
achieved at the national (62%) and provincial (50%) levels.46 The low screening 

coverage indicates that most women aged 30-60 years in Johannesburg did not have 
a cervical smear and could not benefit from early detection and treatment of a 
precancerous lesion to prevent cervical cancer from developing. The incidence of 
cervical cancer, therefore, cannot be reduced when screening coverage is low. 
 
This study found an HSIL prevalence of 6.22%, which is similar to studies in other 
settings in South Africa including the Overberg district (7.7%)25 and a 2018/2019 study 
in Johannesburg (4.64%).17 The high odds of HSIL in women aged 30-49 is consistent 
with the results of a multicentre, population-based South African survey which found 
the highest HSIL prevalence among women aged 30-44.23 This finding supports the 
policy decision to target this age-group for cervical cancer screening5,7 to achieve the 
highest rate of detection of precancerous lesions that may be treated to prevent 
cervical cancer. This current study also found significantly greater odds of HSIL in 
women who screened at higher levels of the healthcare system (CHCs and hospitals) 
than in women who screened at PHCs. This finding is similar to the findings of a 
previous study in Johannesburg that piloted a decentralised model of care and found 
higher percentages of precancerous lesions on cytology and of HSIL on histology 
among women who screened and followed up at the hospital when compared to 
women who screened and followed up at the primary care level.32 This current study 
could not explore the reasons for the differences, but this might be due to higher-risk 

women, based on medical history and clinical findings, screening at higher levels of 
care – as was suspected in the previous Johannesburg study.32 Another possible 
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reason could be that the quality of cervical smears is greater, and the tests performed 
at higher levels of care are therefore more sensitive to detecting precancerous lesions. 
Poor quality cervical smears are less likely to detect precancerous lesions for 
treatment. Some concern has been expressed by previous studies regarding the 
quality of cervical smears at lower levels of care;23,24 however, these studies did not 
compare the quality between levels of care. Furthermore, it has been noted that with 
the necessary quality improvement initiatives, comparable quality between cervical 
smears performed at different levels of the healthcare system would be possible,24,32 
should this be the case in Johannesburg facilities. 
 

The low follow-up rates found in Johannesburg are concerning. This study found that 
only 26.60% of women with HSIL on cytology had followed up, similar to findings of a 
24.86% follow-up rate in a study conducted at an HIV clinic in the district of 
eThekwini.26 The loss to follow-up of 3 070 women in this current study was most 
pronounced in women who screened at PHCs which is particularly concerning given 
that this facility type was utilised by the majority of women screening for cervical 
cancer. Of the 766 who followed up and were confirmed through histology to have 
HSIL, 80.81% had been treated; yet overall, when accounting for the women with 
unknown histology findings due to loss-to-follow-up, only 16.14% of the women who 
needed follow-up for treatment had received it. Low follow-up and precancerous 
treatment rates negate the purpose of a screening cervical smear as women who do 
not receive follow-up cannot benefit from the early detection and treatment of 
precancerous lesions. This study has shown a wide gap between current performance 
of the precancer treatment rate and what is required by the WHO elimination target of 
treating 90% of women with precancerous lesions,8 making it unlikely for 
Johannesburg to meaningfully contribute towards South Africa’s goal of meeting this 
target by 2030. 
 
One barrier to follow-up and precancer treatment is that the screening cascade is 
complex as it spans many visits to multiple healthcare facilities.24 Women who 

screened at a CHC and more so at a hospital rather than a PHC had a significantly 
increased odds of follow-up and precancer treatment. These favourable findings for 
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women who screened at higher levels of care may allude to an increased access to 
follow-up and treatment services when screening and precancer treatment were both 
performed at a single site. A previous study in Johannesburg illustrated similar 
favourable results but at a lower level of care as a result of both cervical smear and 
colposcopy services being provided at the CHC level through a decentralised service 
delivery model.32 Studies in other developing countries have assessed less complex 
cervical cancer screening cascades where women visit the healthcare facility fewer 
times to receive treatment.36,38 In African countries, screening has been performed 
using visual inspection with acetic acid (VIA). Using VIA, in a single consultation, 
precancerous lesions are detected visually by the clinician and they are able to provide 

precancer treatment immediately.38 In a study in Central America, self-sampling HPV 
screening tests were distributed to women near or at their homes. In one model, the 
women performed the screening test on themselves and sent the sample to a clinic 
with a community health worker. The women received their results at home and only 
needed to visit the healthcare facility if their screening test was positive for HPV. At 
the healthcare facility, a VIA was conducted and if a precancerous lesion was 
detected, precancer treatment was provided immediately.36 Both these examples 
limited the number of times women need to present to healthcare facilities and 
therefore removed the opportunity of being lost to follow-up and increased the 
treatment rate of women. 
 
Differences in follow-up rates across screening facilities in different subdistricts was 
recognised in an unpublished Johannesburg study a decade ago. Subdistricts B, C 
and A had the highest follow-up rates, and subdistricts F and E the lowest.31 
Significantly greater odds of following up across subdistricts in this current study was 
found in subdistrict B, and lower odds in subdistrict E, mirroring this aspect of 
subdistrict performance from the previous study. While this study could not explore the 
reasons for high follow-up rates in subdistrict B, in view of the persistently high follow-
up rates, and the subdistrict with the highest cervical cancer screening coverage 
(66%)46 in Johannesburg, this may allude to the subdistrict overcoming the barriers to 

uptake of cervical cancer screening services. 
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The long waiting periods between facility visits for procedures or receiving results has 
been found repeatedly as a barrier to follow-up along the cervical cancer screening 
cascade.24,33,56,57 However, these qualitative and review studies do not quantify the 
follow-up time intervals that would be acceptable to women. Subdistrict B was found 
to have the highest absolute number of women who followed up and had among the 
shortest time to follow-up; and subdistrict E had the lowest absolute number following 
up and the longest time to follow-up. While causality cannot be determined, this pattern 
may reflect that women are less likely to follow up in subdistricts with long follow-up 
intervals; or that subdistricts with greater numbers of women following up are able to 
streamline their processes in response to this high uptake and improve their service 

delivery with shorter waiting periods. 
 
Treatment through the one-step management process was shorter than the two-step 
process. While screening to follow-up was shorter for women following the two-step 
process, the long confirmatory test to treatment interval resulted in a much longer 
screening to treatment time for the two-step process. In this study, most women 
followed the one-step process which may be more acceptable to them. As the one-
step process is of comparable quality to the two-step process, particularly in a 
population with high HIV prevalence,13 the one-step management process may be 
appropriate for this setting. 
 
A peculiar pattern was seen in subdistrict B. While the odds of following the two-step 
management process were greater in this subdistrict, which aligned well with the 
greater odds of shorter follow-up but longer overall time to treatment; the odds of being 
treated were markedly higher than other subdistricts despite the two-step process 
leading to lower treatment rates in other subdistricts. This discordant picture of long 
times to treatment but high treatment rates supports findings that the factors that 
facilitate improved follow-up and treatment rates are complex and are not limited to 
the number of visits required or the waiting periods between procedures. Other 
healthcare system and patient-related factors play a role in improving follow-up and 

treatment rates.58,59 
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South Africa, with the highest number of people living with HIV in the world, has 
approximately 4.8 million women aged 15 years and over who are infected.60 The 
South African policy on cervical cancer prevention7 highlights the importance of 
screening women with HIV due to their increased risk of both developing precancerous 
lesions and progressing to develop cervical cancer.7 This study found that among 
women who screened for cervical cancer and had a known HIV status, 48.84% had 
HIV; and of those who had a cytology result of HSIL, 75.22% had HIV. The odds of a 
screening test having the result of HSIL in women living with HIV was 3.05 times the 
odds of women without HIV. And while the overall prevalence of HSIL was 6.22%, the 
prevalence among women with HIV was 10.41%. This finding of a significant 

association between HSIL prevalence and HIV status supports established literature 
that describes HIV as a risk factor for cervical intraepithelial lesions.5,61 This finding is 
also similar to a recent study in Johannesburg that showed a prevalence of 10.5% in 
participants with HIV.17 Among women who required follow-up, the odds of those with 
HIV following up was 1.26 times that of women without HIV on bivariate analysis, but 
not significant when controlled for other variables. The HIV status of women did not 
significantly affect the odds of following the shorter one-step management process nor 
receiving treatment, suggesting that there may not be any prioritisation for women 
living with HIV. 
 
With the introduction of HPV vaccination to South Africa as a primary preventative 
measure for cervical cancer in 2014,62 the incidence of cervical cancer is expected to 
decrease. In the interim, a dual approach of vaccinating young women while 
maintaining screening for older women is recommended to ensure appropriate 
preventative interventions throughout the life-course. When women who were 
vaccinated when they were younger reach the age of eligibility for cervical cancer 
screening, their lower risk for developing cervical cancer should allow the country to 
reassess the cost-effectiveness of the screening programme and to even consider 
phasing repeated routine screening out.63  
 

The global standard to significantly reduce the burden of cervical cancer is guided by 
the WHO elimination strategy.8 South Africa has committed to achieving the 90-70-90 
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targets for HPV vaccination, screening, and precancer and cancer treatment by 
2030.64 In its year of inception, HPV vaccination coverage reached 65% of eligible 
young women who received the required two doses; but has since dropped to 56% by 
2017.65 Coverage of screening has increased from 40% in 2016 to 47% in 2020 using 
the most recent NIDS definition that considers the different screening frequencies of 
women based on their HIV status and the HIV prevalence of the target population.2 
No robust national monitoring system for precancer- and cancer-treatment rates 
exists. Studies in different health districts around South Africa have shown treatment 
rates from around 26%11 to 64%,26 and this study found a treatment rate of 16% – all 
far below the target of 90%. No studies were found that quantify the country’s progress 

towards achieving treatment of women with cervical cancer, leaving a gap in the ability 
to track this indicator. 
 
Mapping the cascade of the cervical cancer screening programme is often done in 
South Africa by reviewing medical records and facility registers which are usually 
paper-based.17,25,27 Laboratory data has also been used to visualise the cascade 
across the country,39 or to add to the data elements of studies using paper-based 
data;25,26 and other countries have begun to harness record linkage techniques 
towards monitoring their cervical cancer screening programme.43 The technique of 
record linkage and the use of NHLS data in this study has shown similar results to 
previous studies using more traditional sources. This method and data source may be 
a reliable method for routinely monitoring the components of the cervical cancer 
screening programme. 
 
The COVID-19 pandemic that has affected South Africa from March 2020 has caused 
a reduction in uptake for non-COVID-19 related services in the country and 
worldwide66,67 due to limited mobility, reluctance to visit healthcare facilities and the 
temporary suspension of non-urgent services such as cancer screening.66 In addition 
to catchup programmes to improve cervical cancer screening uptake, innovative 
methods such as equitable risk stratification to prioritise screening for those at highest 

risk (eg. women living with HIV), the use of self-screening tests, and telemedicine, 
rather than in-person visits, to discuss screening results. In-person investigation or 
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treatment will then be performed on the relatively fewer number of women who screen 
positive.68 Despite the negative effects on uptake and adherence along the cervical 
cancer screening cascade, opportunities have arisen and these may help South Africa 
reach closer to its screening targets. 
 

5. Limitations 

We identified three main limitations of this study. Treatment rate may have been 
underestimated; the positive impact of measuring treatment rate may have been 
overestimated; and not all precancerous lesions were reviewed to assess follow-up.  
 
A successful link between records in the cytology dataset and histology dataset was 
used as a proxy to identify those women who received follow-up. Our study period and 
setting were limited to a two-year follow-up period, and to public sector facilities within 
the province of Gauteng. These limits would have excluded any woman who had had 
appropriate treatment beyond two years, in the private sector, or outside of Gauteng. 
However, these limits were guided by the CDC time-to-treatment standard of three 
months between cervical smear and treatment, and South African studies which 
showed a mean time-to-treatment of 4.5 months25 and median times of 39 days (IQR 
20-95)26 and 4.4 months (IQR 3.1-7.1) ranging up to 15.4 months31 in different studies 
across Johannesburg. This makes it likely that most follow-ups would take place within 
the two-year timeframe that was chosen for this study. While women may elect to 
attend private sector facilities or facilities outside of the province, Johannesburg is a 
district situated in the centre of Gauteng with all referral pathways to higher levels of 

care, where colposcopy clinics are generally situated, within the province.49 It is 
therefore likely that this study will miss very few follow-ups by reviewing facilities 
beyond the Johannesburg district, but within Gauteng. 
 
Using records from a laboratory service omits procedures that do not produce a 
specimen for laboratory assessment. This differs from other methods of data collection 
such as using patient files or facility registers which would indicate that a procedure 
was performed irrespective of whether a specimen was produced or not. Therefore, 
despite a woman having appropriate treatment through ablative therapies or excisional 
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therapies without submitting the specimen to a laboratory, these would not appear on 
the laboratory record and these women would not be considered to have followed up. 
This limitation is similar to the study using record linkage on NHLS data to track follow-
up visits among people living with HIV which recognised that patients who received 
adequate clinical care without laboratory investigations could have incorrectly been 
considered to be lost to follow-up.18 Regarding cervical cancer screening, the national 
policy, expresses a preference for excisional techniques and sending specimens to a 
laboratory for confirmation or assessment of the adequacy of treatment.7 It would be 
an anomaly for a colposcopy clinic in Gauteng to omit the step of laboratory 
assessment, therefore minimising the number of follow-up procedures missed by this 

study through analysing laboratory records. 
 
Other reasons for possibly underestimating the follow-up rate of women by not 
successfully linking records between the two procedures include poor data quality – 
the absence of unique identifiers; incomplete variables of personal information; and 
inconsistencies such as spelling errors or surname changes – which reduces the 
ability to link records. To maximise the matching process, the probabilistic record 
linkage methodology was used. Multiple variables were compared for similarity and 
therefore data inconsistencies such as spelling errors would still be considered in the 
matching process. The precision of the record linkage based on a manual review of 
linked and unlinked records was calculated. The linkage in this study had a sensitivity 
of 96.64%, a specificity of 95.87%, and a positive predictive value of 95.83% which is 
similar to other studies using similar techniques.18,44,69 Of note, as age was used for 
indexing through the blocking technique, if a change in age or omission of age on one 
dataset would have resulted in missing a match, underestimating the number of 
women who had followed up. Age was selected for the blocking process as it was 
complete in 97.82% of cytology records and 98.06% of histology records; and to 
further mitigate the risk of under-linking records, an additional block on the first two 
letters of the surname of each record was used to capture those records that should 
be matched but have different documented ages.  
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While a useful measure of service uptake, the treatment rate may overestimate the 
positive impact of the cervical cancer screening programme in reducing the incidence 
of cancer. This is because cervical cancer may only be prevented if the therapeutic 
procedure was of a high quality and if follow-up beyond treatment was adhered to.12  
 
A final limitation of this study to provide results towards monitoring the confirmatory 
and treatment components of the cervical cancer screening cascade is that we 
assessed the follow-up of only those women with cervical smear results of HSIL. While 
other cytology findings also require follow-up with colposcopy,5,7 the South African 
200028 and 20177 cervical cancer policies have consistently recommended 

colposcopy for women with HSIL. Therefore, analysing the follow-up of these women 
should give a good indication of the gap between screening tests and the treatment of 
precancerous lesions. 
 

6. Conclusion and Recommendations 

6.1. Conclusion 

This study has demonstrated the use of record linkage of laboratory data for use in 
monitoring the cervical cancer screening programme in Johannesburg. The major 
findings of this study were very low follow-up and precancer treatment rates. This 
highlights gaps in the screening programme which is far from meeting the WHO 
elimination target for precancer treatment, and will not markedly reduce the incidence 
of cervical cancer. A less complex cascade from screening to treatment with fewer 
visits to healthcare facilities may reduce loss-to-follow-up; benchmarking the service 

delivery models of high performing subdistricts may improve the treatment rate; and 
improving the information system to generate the necessary indicators will enable 
programme managers to monitor the screening programme towards building a 
healthcare system that is responsive to the health needs of women. 
 
6.2. Recommendations 

The high loss-to-follow-up rate seen in this study is likely due to the complex cascade 

from screening to precancer treatment that requires multiple visits to multiple 
healthcare facilities. Simplifying this cascade, possibly though techniques like 
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screening through self-swabbing, or the VIA that allows both screening and precancer 
treatment to be performed in one visit should be considered. The WHO recommends 
that cervical cancer control programmes should promote a single-visit approach. To 
support this, the WHO further recommends integrating the cervical cancer screening 
programme into the package of services offered at primary care level; strengthening 
the laboratory and quality assurance capacity of the healthcare system; and creating 
an enabling environment by understanding and addressing barriers to access to care.8 
 
This study showed that follow-up and treatment rates are higher when screening is 
performed at a higher level of care. The reasons for this discrepancy should be 

investigated. At hospitals, where both screening and precancer treatment is 
performed, the higher treatment rates may be due to easier access to the entire 
cervical cancer screening cascade at a single healthcare facility. In a Johannesburg 
study of decentralising precancer treatment, high uptake of services was found at a 
CHC which was capacitated to perform precancer treatment.32 Decentralising 
precancer treatment services to lower levels of the healthcare system (PHCs and 
CHCs) and capacitating these levels may therefore improve access to cervical 
precancer treatment services.9 
 
This study showed subjectively long waiting periods between procedures in the 
cervical cancer screening cascade. A long time to follow-up after a screening test, and 
to precancer treatment is an access barrier that limits the cervical cancer screening 
programme’s ability to successfully undertake secondary prevention of cervical 
cancer. Further investigation into the programme models used across different 
subdistricts and levels of care may identify examples of best practice. This will allow 
for quality improvement projects and benchmarking against those with higher follow-
up and treatment rates, and shorter times to treatment.10 Evidence shows that long 
waiting times between procedures are often related to the long laboratory turnaround 
times, delayed reporting of results, long waiting lists for procedures, and inefficiencies 
of the healthcare system.10,24 To promote a responsive healthcare system, efforts 

should be made to capacitate the healthcare system to address these barriers in order 
to reduce these long time intervals. Recommendations to improve long time intervals 
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have been covered in local and international literature.10,56 Healthcare facility 
managers need to liaise and collaborate with laboratory managers to ensure that 
quality assurance is being performed to reduce turn-around-times. Electronic or paper-
based tracking systems should be developed to promptly inform patients of their 
results. Referral systems and communication between different levels of care, and 
facilities and women need to be streamlined and clear.10,56 Improving waiting periods 
between procedures will contribute to improving the accessibility of the service by 
providing a service that is acceptable to women, increasing uptake and improving the 
chances of success of the cervical cancer screening programme. 
 

A useful way to bring together existing electronic data for use in monitoring of health 
programmes includes the record linkage technique used in this study. This study used 
laboratory data to track indicators along the cervical cancers screening cascade and 
shows some comparability with similar studies that used different data sources. In 
South Africa, electronic NHLS data is currently accessible, and this source and the 
techniques of record linkage may be a viable method of programme monitoring at a 
district, provincial and national level. Further studies to quantify the accuracy, 
feasibility and efficiency of this methodology may provide insight and guidance on its 
use. A strong health information system is imperative for a successful cervical cancer 
screening programme. This should enable the healthcare system to monitor screening 
coverage, precancer follow-up and treatment rates, and the time intervals between 
procedures, among other indicators to monitor the cervical cancer screening 
programme. In the absence of a comprehensive health information system, multiple 
methods and sources of information may be used to generate the indicators required 
for programme management and to track progress towards the WHO elimination 
targets. These methods may include nationally representative surveys or research, or 
routine data collected at healthcare facilities. Data sources may include laboratory 
data, as used in this study, data from medical records and files or facility registers.22,70  
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Figure 8.1: Patient flow through the cervical cancer screening cascade 
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Appendix E 

Table 8.1: Summary of the variables used for components of data processing  
Data extraction Record linkage Data anonymisation 

Variables extracted from the cytology and histology datasets Variables used to perform record linkage Variables removed to ensure anonymity 

§ Name 
§ Surname 
§ National ID number 
§ Hospital/clinic number 
§ Address 
§ Date of birth 
§ Age 
§ Race 
§ HIV status 
§ Specimen collection date 
§ Specimen type 
§ Specimen result 
§ Facility name 
§ Facility type 
§ Facility subdistrict 

§ Name 
§ Surname 
§ Date of birth 
§ Age 

 

§ Name 
§ Surname 
§ National ID number 
§ Hospital/clinic number 
§ Address 
§ Date of birth 
§ Race 
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Table 8.2: Description of summary variables  
Variable name Criteria for coding of variable as Yes 

Cytology result HSILa Screening test result is HSIL 

First follow-up done i) Cytology result HSIL = Yes AND ii) At least 1 histology procedure done 

First follow-up required i) Cytology result HSIL = Yes AND ii) Histology result of first follow-up = HSIL OR First follow-up done = No 

First follow-up appropriate for the 1-step process 1st Histology procedure = LEEP,b LLETZ,c Hysterectomy or Cone biopsy 

First follow-up appropriate for the 2-step process 1st Histology procedure = Cervical biopsy or Punch biopsy 

Second follow-up required i) First follow-up appropriate for the 2-step process = Yes AND ii) 1st Histology result = HSIL 

Second follow-up done i) Second follow-up required = Yes AND ii) 2 histology procedures done 

Second follow-up appropriate for the 2-step process 2nd Histology procedure: LEEP, LLETZ, Hysterectomy or Cone biopsy 

Treatment done i) First follow-up appropriate for the 1-step process = Yes OR ii) Second follow-up appropriate for the 2-step process = Yes 
a: High-grade intraepithelial lesion. b: Large loop excision of the transformation zone. c: Loop electrosurgical excision procedure.  
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Table 8.3: Description of variables in the final dataset 
Variable name Variable type Values Comment 
Unique patient identity Identifier Discreet 1 – 67 208 Random number generated 
Age Exposure Discreet Natural numbers (years) Source: Cytology dataset. If missing, calculated from Date of birth 
Age group Exposure Ordinal 15-29, 30-39, 40-49, 50-59, 60+, Missing Age coded into groups 
HIV status Exposure Nominal Positive, Negative, Unknown Source: Cytology dataset 
Screening test facility type Exposure Nominal PHCa, CHCb, Hospital, Other Source: Cytology dataset. Coded based on Facility name 
Screening facility subdistrict Exposure Nominal A, B, C, D, E, F, G Source: Cytology dataset. Coded based on Facility name 
Screening result of HSIL Outcome Binary Yes, No Source: Cytology dataset. 
Treatment required Outcome Binary Yes, No Same as the summary variable First follow-up required 
First follow-up done Outcome Binary Yes, No Same as summary variable described in Table 8.2. 
Confirmatory test done Outcome Binary Yes, No Same as summary variable First follow-up appropriate for 2-step process = Yes 
Treatment done Outcome Binary Yes, No Same as summary variable described in Table 8.2. 

Management step Outcome Nominal 0, 1, 2 

Coded based on summary variables. 
0 if First follow-up done = No 
1 if Treatment done = Yes AND Confirmatory test done = No 
2 if Confirmatory test done = Yes 

Time to follow-up Outcome Discreet Natural numbers (days) 
Source: Specimen collection dates from cytology and histology datasets.  
Calculated if First follow-up done = Yes 
Date of 1st histology procedure – Date of screening test 

Time to confirmatory test Outcome Discreet Natural numbers (days) 
Source: Specimen collection dates from cytology and histology datasets.  
Calculated if Confirmatory test done = Yes 
Date of 1st histology procedure – Date of screening test 

Time to treatment Outcome Discreet Natural numbers (days) 

Source: Specimen collection dates from cytology and histology datasets.  
Calculated if Treatment done = Yes 
If Management step = 1: Date of 1st histology procedure – Date of screening test 
If Management step = 2: Date of 2nd histology procedure – Date of screening test 

Time from confirmatory test to 
treatment Outcome Discreet Natural numbers (days) 

Source: Specimen collection dates from cytology and histology datasets.  
Calculated if Management step = 2 
Date of 2nd histology procedure – Date of 1st histology procedure 

a: Primary healthcare clinic. b: Community healthcare centre 


