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ABSTRACT

Background Cambodia has achieved great success in
tuberculosis (TB) control in the past decade. Nevertheless,
people with TB are missed by the health systems at
different stages of the care pathway. This programme
review corroborated the care-seeking behaviours of people
with TB and TB services availability and estimated the
number of people completing each step of the TB disease
and TB preventive treatment (TPT) care cascade.
Methods Patient pathways and the care cascades

for TB disease and TPT were constructed using data
from the latest national TB prevalence survey, routine
surveillance and programme, the global TB database
and published studies. We also randomly selected TB
survivors in the 2019 cohort to assess recurrence-

free survival 1-year post-treatment. TPT care cascade
was constructed for people living with HIV (PLHIV) and
household contacts (children <5 years and all ages) of
persons with bacteriologically-confirmed TB in 2019 and
2020.

Results Nationally, 54% of those who exhibited TB
symptoms sought initial care in the private sector.

Overall, 93% and 58% of people with presumptive TB did
not access a facility with TB diagnostic and treatment
services, respectively, at the first point of care-seeking.
Approximately 56% (95% Cl 52% to 57%) of the 47 000
(95% CI 31 000 to 68 000) estimated TB cases in 2019
achieved recurrence-free survival. Among the estimated
PLHIV in Cambodia, <30% completed TPT. Among children
<5 years, 53% (95% Cl 29% to 65%) (2019) and 67%
(95% Cl 36% to 80%) (2020) of those eligible for TPT
completed the regimen successfully. In 2019 and 2020,
23% (95% Cl 22% to 25%) and 54% (95% CI 50% to 58%)
of the estimated household contacts (all ages) eligible for
TPT completed the regimen successfully.

Conclusion There are significant gaps in care-seeking,
coverage and access to TB services and TPT in Cambodia.
Action plans to improve TB response have been co-
developed with local stakeholders to address the gaps
throughout the care cascades.

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Empirical studies have been conducted to under-
stand the care-seeking behaviours of people with
presumptive tuberculosis (TB), but their interactions
with TB services are unknown in Cambodia.

= No study to date has estimated the number of peo-
ple with TB who dropped out at each step of the care
cascade in Cambodia.

= Cambodia has implemented TB preventive treat-
ment (TPT), but the care cascade among the target
populations has not been examined.

WHAT THIS STUDY ADDS

= This study, therefore, provides a comprehensive
overview of TB care in Cambodia by corroborating
the care-seeking behaviours of people with TB and
TB services availability and estimating the number
of people completing each step of the TB disease
and TPT care cascade.

= This is also the first study to investigate recurrence-
free survival among TB survivors in Cambodia.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study identified gaps in care-seeking, coverage
and access to TB services and TPT in Cambodia.

= The gaps were deliberated with local stakehold-
ers, and recommendations to improve TB response
and action plans for implementation have been
developed.

INTRODUCTION

Tuberculosis (TB) is a global public health
concern. Although TB is preventable and
treatable, approximately 10 million new TB
cases and 1.3 million deaths were estimated to
have occurred in 2020, making TB a leading
infectious cause of morbidity and mortality
worldwide.! Of the 10 million cases, merely
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62% were detected and notified to the national TB
programmes globally, and a similar proportion (63%)
was observed in Cambodia, a country with a considerable
TB incidence (all-form TB; 274 per 100 000 population)
in 2020.'

Cambodia’s pluralistic health system comprises public
services and the private sector (including profit and
non-profit organisations). The Cambodian National
TB Programme (NTP) is coordinated by the National
Centre for Tuberculosis and Leprosy Control (CENAT).
Itis supported by a comprehensive network of 9 national
hospitals, 25 provincial hospitals, 68 district referral
hospitals and 1143 health centres.” The involvement of
the private sector in TB care is less structured. The sales
of TB drugs are prohibited in pharmacies.” Most people
with signs and symptoms of TB who visit private health
practitioners are referred to public health facilities for
investigation for TB.

Over the past two decades, improved socioeconomic
status and concerted multifarious programmatic efforts
through active case finding and community mobilisa-
tion saw TB incidence and mortality rates halved, and
treatment success rates sustained at >90% in Cambodia.'
Nevertheless, people with TB are missed by the health
systems at different stages of the care pathway and do
not receive the care they need. Poor access to health-
care could be attributed to demographic factors such as
age, rural residence, gender, financial insecurities, long
distance to the health facilities, poor knowledge and
awareness regarding TB and the absence of classic clin-
ical features of TB."® Systematic literature reviews from
high TB burden countries highlighted organisational
and policy factors such as poor referral mechanisms
and inadequate resources, including trained staff and
sensitive diagnostic tools.* In Cambodia, several factors
may hinder timely TB screening and diagnosis access.
The factors include a strong preference for private
healthcare and seeking multiple providers, particularly
those not providing TB services, the lack of diagnostic
tools in public facilities and awareness of TB symptoms
among people with TB, and the presence of financial
and geographical barriers.® 7 Furthermore, scaling up
TB prevention activities, including using TB preventive
treatment to disrupt transmission within households and
communities, are key areas that have not been systemat-
ically evaluated locally. Therefore, it is critical to under-
stand the gap and identify areas for improvement in the
national TB response in Cambodia.

The patient pathway analysis (PPA) is a method to
assess the gaps between the care-seeking behaviour of
people with TB/presumptive TB and the availability
of TB diagnosis and treatment services.® Previous PPA
studies conducted in five countries revealed three crit-
ical points to improve case detection (1) linkage with the
private sector (66% initiated care in the private sector,
but less than 10% were reported), (2) expansion of
capacity in primary healthcare (>40% of initiated care
at primary levels or lower) and (3) increased availability

of TB diagnostic services (many facilities where care was
initiated did not have TB diagnostic capabilities).® There-
fore, PPA renders valuable insights for programme plan-
ning and policymaking to improve TB services.

The care cascade is another valuable method for eval-
uating healthcare service delivery and identifying gaps
in the stages of care that could be addressed towards a
successful outcome. The analysis of the TB care cascade
has been implemented in India and South Africa.” '’ It
facilitated understanding gaps in the quality of care for
people affected by TB. The utility of care cascade anal-
yses was also instrumental in achieving the end TB goal."'

We reviewed the TB programme by corroborating the
care-seeking behaviours of people with TB/presump-
tive TB and the availability of TB services at the facilities
where care is first sought at the national and subnational
levels. We constructed the care cascade to identify TB
disease and infection programmatic gaps in the country
and estimate the number of people completing each
cascade step.

METHODS

We completed the PPA and constructed the care cascade
using the approaches described by Hanson et al, Seabrook
et al and Subbaraman et al'*™* Verbal consent was
obtained to assess recurrence-free survival, but consent
was not necessary for the other analyses involving existing
anonymised data and records provided by the NTP or
publicly available. We used Microsoft Excel 365 ProPlus
(Microsoft, Redmond, Washington, USA) and R (R
Foundation for Statistical Computing, Vienna) for the
analyses.

PPA

PPA was conducted at the national and subnational levels
(20 provinces and the capital city of Phnom Penh). It
comprised seven indicators—place of initial care-seeking
for TB symptoms, coverage of TB diagnostic services,
access to TB diagnostic services at the care-seeking place,
coverage of TB treatment services, access to TB treatment
at the place of initial care-seeking, notification locations
and treatment outcomes. Data were drawn from various
sources, including the most recent national TB preva-
lence survey 2011, routine surveillance data at NTP and
the WHO global TB databases (table 1).

We used the place of initial care-seeking among people
with presumptive TB (those with cough for >2 weeks
or haemoptysis) as how they were reported in the 2011
national TB prevalence survey."” Four provinces—Koh
Kong, Mondulkiri, Oddar Meanchey, and Stung Treng—
were not included in the prevalence survey. Subse-
quently, we categorised and assigned the places of initial
care-seeking to sectors and levels according to the levels
of care provided—public: government hospitals (level
3) and health centres (level 1); private: private hospitals
(level 3), private clinics (level 1) and pharmacies (level
0); non-medical (level 0): traditional healers, family

2

Teo AKJ, et al. BMJ Global Health 2023;8:6010994. doi:10.1136/bmjgh-2022-010994



8 BMJ Global Health

Table 1

Patient pathway analysis and care cascades: indicators and data sources

Indicators

Descriptions and parameters

Sources

Patients pathway analysis (PPA)
1. Place of initial care-seeking.

2. Coverage of TB diagnostic
services.

3. Access to TB diagnostic services
at the place of initial care-seeking.

4. Coverage of TB treatment
services.

5. Access to TB treatment at the
place of initial care-seeking.

6. Notification location.

7. Treatment outcome.

Care cascade for TB disease
1. Estimated incidence of TB.

2. Accessed TB tests.

The estimated number of people
who reached TB diagnostic
facilities and were evaluated

for TB. Several key parameters
(next column) were accounted for
(by the different forms of TB) in
estimating the total number.

3. Diagnosed with TB.

Place of initial care-seeking among those
with cough >2 weeks or haemoptysis.

Urban population and per cent of total
population in Cambodia.

The proportion of health facilities
(national hospital, provincial hospital,
referral hospital and health centres) with
TB diagnostic modalities (microscopes,
GeneXpert instrument, culture).

The proportion of those who sought care
and accessed TB diagnostic services at
their initial visit.

The proportion of health facilities (national
hospital, provincial hospital, referral
hospital and health centres) that provide
treatment services.

The proportion of those who sought care
and accessed a facility with TB treatment
services at their initial visit.

The estimated proportion of people with
TB enrolled in treatment and notified to
the national programme.

The proportion of people with TB
enrolled in treatment and completed TB
treatment/were successfully treated.

Total number of incident TB cases (all-
forms) in 2019.

Smear or GeneXpert positive:

The proportion of individuals tested using
smear microscopy (%).

The proportion of individuals tested using
GeneXpert (%).

The proportion of individuals who failed
to provide a second sputum specimen
(%).

The incremental yield of a second sputum
smear (%).

Smear negative and previously treated
excluding relapse cases:

The ratio of smear-positive to negative.

The ratio of GeneXpert-positive to
negative.

Sensitivity of smear microscopy (%).
Sensitivity of GeneXpert (%).
Extrapulmonary TB:

The average proportion of undiagnosed
smear-positive and smear-negative TB
(%).

National TB prevalence survey (2011)
United Nations Population Fund (2014)%°

NTP (2019)

Product of core metric 1 and 2

NTP (2019)

Product of core metric 1 and 4

WHO and the NTP (2019)

WHO and the NTP (2019)

WHO global TB database 2020

NTP
NTP

WHO policy statement 2011"

Mase et al 20078

NTP
NTP

National TB prevalence survey 2011
Steingart et al 2014°

Average of the % of undiagnosed smear-
positive and the % of undiagnosed smear-
negative (online supplemental materials)

Continued
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Table 1 Continued
Indicators Descriptions and parameters Sources
The estimated number of Pre-treatment loss to follow-up rate (%). Mao et al 2012%°

individuals diagnosed with TB in
2019. Back calculated using the
number of people registered in TB
treatment by accounting for pre-
treatment loss to follow-up rate.

4. Registered in treatment.

5. Treatment success.

6. Recurrence-free survival.

Care cascade for TPT (PLHIV)
1. Estimated number of PLHIV.

2. Number of PLHIV who know their
HIV status.

3. Number of PLHIV on antiretroviral
therapy who are eligible for TPT.

4. Number of PLHIV who initiated
TPT.

5. Number of PLHIV who initiated
TPT and completed the course.

Total number of people with TB (all-
forms: new and relapse by smear status,
previously treated excluding relapse
cases, and extrapulmonary TB) registered
in treatment in 2019.

Total number of people with TB who
achieved treatment success in 2019.

The proportion of TB survivors who
remained alive and TB-free 1 year after
completing TB treatment (%).

PLHIV (all ages).
PLHIV who know their status.

PLHIV who are eligible for TPT.
PLHIV who initiated TPT (any course).

PLHIV who initiated and completed TPT
(any course).

Care cascade for TPT (household contacts <5 years)

1. Estimated number of household
contacts (children <5 years).

2. Estimated number of household
contacts (children <5 years)
evaluated for TB disease and
infection.

3. Estimated number of children <5
years who were TB negative and
eligible for TPT.

4. Number of children <5 years who
initiated TPT.

5. Estimated number of children
<5 years who initiated TPT and
completed the course.

Point estimate of the annual contacts
(children aged <5) needing evaluation.

The proportion of household contact
(children <5) who were evaluated for TB
disease and infection* (%).

The proportion of household contact
(children <5) who were eligible for and
initiated TPT (%).

Number of children aged <5 who initiated
TPT.

The proportion of household contact
(children <5) who completed TPT (%).

Care cascade for TPT (household contacts all ages)

1. Estimated number of household
contacts (all ages).

2. Number of household contacts
(all ages) evaluated for TB disease
and infection.

3. Estimated number of household
contacts (all ages) who were TB
negative and eligible for TPT.

Number of persons with new and relapse
bacteriologically-confirmed pulmonary
TB.

Estimated average household size.

Number of household contacts (all ages)
evaluated for TB disease and infection.”

The proportion of household contact (all
ages) who were healthy and eligible for
TPT (%).

WHO global TB database 2020

NTP

Primary data

UNAIDS?®
UNAIDS?

National HIV Programme
National HIV Programme

National HIV Programme

Yuen et al 201624

TPT programme database (COMMIT)

WHO global TB database 2020'®

National TB Programme and WHO

TPT programme database (COMMIT)

WHO global TB database 2020'®

Demographic and health survey 20142
National TB Programme and WHO

National TB Programme

Continued
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Table 1 Continued

Indicators

Descriptions and parameters

Sources

4. Number of household contacts
(all ages) who initiated TPT.

5. Estimated number of household

who initiated TPT.

Number of household contacts (all ages)

The proportion of household contact

National TB Programme

TPT programme database (COMMIT)

contacts (all ages) who initiated TPT (children<5) who completed TPT (%).

and completed the course.

*Evaluation to rule of TB disease (clinical symptoms-based screening+chest radiography), and potential contraindications to TPT, such as

liver disease and known allergies to TPT

COMMIT, Community Mobilization Initiatives to End TB (USAID funded project in Cambodia); NTP, National TB programme; PLHIV, people
living with HIV; TB, tuberculosis; TPT, TB preventive treatment; UNAIDS, Joint United Nations Programme on HIV/AIDS.

members and self-medication (see description in online
supplemental materials).'* The proportions of people
with presumptive TB who initiated care-seeking were
reported by sectors and levels of care.

Data on the types and number of health facilities
included 1403 public facilities (hospitals at the national,
provincial and district levels and health centres) in
Cambodia. The number of private health facilities
(private hospitals, clinics, pharmacies) and non-medical
sectors (traditional healers) was unknown. We also
lacked information on the types of government hospi-
tals reported in the prevalence survey in indicator 1.
Therefore, we grouped national, provincial and district
referral hospitals into one single category of public
hospitals to estimate access to TB diagnostic services at
the place of initial care-seeking. Information on TB diag-
nostic services was unknown in private health facilities.
However, TB services are mainly provided by the public
sector in Cambodia. Hence, in the analysis of PPA, we
assumed that the private and non-medical sectors did not
provide TB diagnostic and treatment services.

The coverages of TB diagnostic services at the national
and provincial levels were presented as the proportions
of health facilities with at least one diagnostic modality,
with the numerator being the number of health facili-
ties equipped with at least one microscope, GeneXpert
instruments or culture, and the denominator was the
total number of health facilities. The breakdown of TB
diagnostic modalities by facilities was also reported.
Access to TB diagnosis at the point of initial care-seeking
was estimated by multiplying indicator 1 (place of initial
care-seeking) and indicator 2 (diagnostic coverage) at
each sector and level."*

The NTP provided data on the availability of TB treat-
ment services at different public health facilities. The
coverage of TB treatment at the national and provincial
levels was presented as the proportions of health facil-
ities providing TB treatment. The numerator was the
number of health facilities providing such services, and
the denominator was the total number of health facili-
ties. Access to TB treatment services at the point of initial
care-seeking was estimated by multiplying indicator 1
(place of initial care-seeking) and indicator 4 (treatment
coverage) at each sector and level."*

The health sector’s contribution to TB case notifica-
tions was estimated from the WHO data on notified new
and relapse cases as a share of the estimated incidence of
TB in Cambodia in 2020." We considered TB cases only
reported by the public health facilities in our analyses.
The final indicator showed the treatment outcome of
notified cases for 2019.!

Cascade of care (TB disease)

The cascade of care for TB disease (excluding drug-
resistance cases) was constructed at the national level
using routine and existing data (details in online supple-
mental materials),"” and it included six steps. Data
and parameters for constructing the care cascade were
drawn from routine surveillance data at the NTP, WHO
global TB databases and other relevant published studies
(table 1).

Step 1 comprised the annual TB incidence in Cambodia
estimated by WHO.'® The estimated number of people
who reached TB diagnostic facilities and were evaluated
for TB was presented in step 2. Step 2’s value was esti-
mated by back-calculating from step 3 (the number of
people diagnosed with TB). The calculations incorpo-
rated different sets of parameters and assumptions for
the different types of TB to estimate the number of indi-
viduals who went undiagnosed despite being evaluated
at the health facilities. For smear-positive TB, including
retreatment cases (evaluated using smear microscopy),
we assumed those who were evaluated yet remained
undiagnosed were possibly due to a false-negative spot
sample and the failure to submit a second/third sample
the next day that would have resulted in a positive diag-
nosis. Hence, the proportion of individuals who failed
to provide a second sputum specimen'” and the incre-
mental yield of a second sputum sample in diagnosing
TB'® was accounted for in the calculation.

The diagnosis of smearnegative TB was based on
sputum specimens examinations, chest radiographs
and a trial of broad-spectrum antibiotics in Cambodia.”
Similar to the challenges highlighted by Subbaraman et al
in India," the attrition rate at each step before the diag-
nosis was unknown, and no formal evaluation was done
on the robustness of the diagnostic algorithm against the
gold standard (culture). Hence, the proportion of actual
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smear-negative TB that remain undiagnosed was unde-
termined. To estimate the number of individuals with
smear-negative/clinically diagnosed TB in step 2, we used
the ratio of smear-positive to smear-negative TB approx-
imated using the yields of smear-negative and smear-
positive from microscopy and GeneXpert instrument
and the sensitivity of these diagnostic modalities."” ' The
final estimate for smear-negative/clinically diagnosed TB
was extrapolated using the estimated number of smear-
positive TB described above and the calculated ratio
accordingly. The same approach was applied in estimating
the number of retreatment smear-negative cases. We esti-
mated the proportion of patients with extrapulmonary
TB who remained undiagnosed despite presenting to a
TB diagnostic facility by taking the average of the propor-
tions of undiagnosed smear-positive TB because of failure
to provide a second sputum sample (described above)
and undiagnosed smear-negative TB (by comparing
the number of smear-negative TB in step 2 and step 3).
We summed the estimated number of individuals who
reached TB diagnostic facilities and were evaluated by
the different types of TB (smear and GeneXpert positive,
smear-negative/clinically diagnosed TB, retreatment and
extrapulmonary TB) as the final value for step 2 of the
care cascade.

Subsequently, those successfully diagnosed with TB
were presented as step 3 in the care cascade. We estimated
step 3’s value by accounting for pretreatment loss to
follow-up® among those notified and registered in treat-
ment (step 4). Steps 4 and 5 included the proportion of
people with TB registered in treatment and successfully
treated, respectively. We acquired the total number of
people with TB (all forms) registered in TB treatment in
2019 (step 4) from the WHO global TB database 2020.'°
We established step 5, representing the total number of
people registered in treatment in 2019 who were success-
fully treated. Those who completed treatment and/or
were cured of TB were considered successfully treated.

Finally, recurrence-free survival 1 year after completing
TB treatment was presented in step 6. Recurrence-
free survival was defined as individuals who remained
alive and stayed TB-free 1 year after completing TB
treatment.'’ For this step, primary data were collected.
The number of study participants was determined by
assuming a design effect of 1, a 5% margin of error, a
10% prevalence of TB recurrence with 95% power and a
15% non-response rate. A sample of approximately 150
people with TB was required. To sample study partic-
ipants, we used the cohort of people with TB notified
in 2019 as the sampling frame. Given the possibility of
participants being uncontactable due to invalid contact
details, a random sample of 500 people who completed
TB treatment (TB survivors) was first selected using
the random number generator in Microsoft Excel 365
ProPlus (Microsoft, Redmond, Washington, USA). The
interviewers went down the list of 500 randomly selected
participants sequentially and contacted them by phone.
We excluded those who refused to participate and were

not contactable, and the data collection ceased when the
target sample size was reached. We collected information
on the current status (alive, deceased, date and cause of
death, moved away, unknown) and TB diagnosis in the
past year (if yes, the date and types of TB) from TB survi-
vors or their next-of-kin. Verbal consent was obtained
from all participants. Step 6 was estimated as the product
of step 5’s value and the proportion of TB survivors who
remained alive and TB-free.

Cascade of care (TPT)

The cascade of care for TB preventive treatment (TPT)
was constructed at the national level using routine and
existing data for three populations—people living with
HIV (PLHIV) and household contacts (children <5 years
and all ages) of persons with bacteriologically-confirmed
TB (hereinafter children <5 and household contacts).
The corresponding parameters and the calculations are
presented in table 1 and online supplemental materials.

The key features of the care cascade for TPT included
(1) the estimated size of the target population, (2) the
number of individuals evaluated for active TB and their
eligibility for TPT, (3) the number of eligible individ-
uals who started TPT and (4) the number of individ-
uals who completed TPT.?' In Cambodia, tests for TB
infection (tuberculin skin test and interferon-gamma
release assay) are not routinely conducted and are not a
requirement for initiating TPT among PLHIV and chil-
dren <5 years.”' * While the cascade would have ideally
included the number of people tested for TB infection,
we lacked data on this indicator to incorporate it in the
care cascade. Therefore, our analyses primarily focused
on routinely available data to assess the adequacy of TPT
services and data availability in Cambodia.

For PLHIV, we constructed the care cascade using data
from 2019 and 2020. The cascade included five steps.
We used data on the population size of PLHIV and the
estimated number of PLHIV who knew their status from
the Joint United Nations Programme on HIV/AIDS
(UNAIDS).?® Data on the total number of PLHIV eligible
for, initiated and completed TPT were obtained from the
national HIV programme.

For household contacts (children <5 years) of persons
with bacteriologically-confirmed TB, we adapted Yuen and
colleagues’ point estimates of children contacts needed
to be screened annually in Cambodia.** The other infor-
mation directly available from the NTP and WHO data-
bases were the number of eligible children and children
who initiated TPT. We estimated the number of children
evaluated for TB disease and infection and the number
of children who completed TPT using parameters from
an ongoing project (Community Mobilization Initiatives
to End Tuberculosis (COMMIT)) that integrates TB case
finding and preventive treatment implemented in 10
operational districts (ODs) in Cambodia.”” The descrip-
tion of COMMIT and the derivation of parameters are
presented in the online supplemental materials.
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We estimated the number of household contacts (all
ages) who needed to be screened using the number of
persons with bacteriologically-confirmed TB (new and
relapse) and the estimated household size in Cambodia.*®
We obtained data on those evaluated for TB disease and
infection and initiated TPT from NTP-led contact investi-
gation activities conducted in 2019 and 2020 (step 1). The
activities were held in 46 ODs in 2019 and extended to 76
ODs in 2020, representing a great bulk of the TPT service
delivery in the country. The same data were submitted
to the WHO’s annual TB data collection system.'® Subse-
quently, we estimated the number of eligible individuals
for TPT by assuming that 60% and 80% of the household
contacts were free of TB disease and eligible for TPT in
2019 and 2020, respectively. The difference in eligibility
proportions could be attributed to the expansion of
coverage and activities in 2020, which included eligible
household contacts of all ages (beyond children <5) for
TPT. However, due to the lack of precision in approx-
imating the proportions of household contacts eligible
for TPT, we assumed the lower and upper bounds to be
within 50% of the estimates and that the resulting confi-
dence intervals would likely cover a reasonable range.
Lastly, as the TPT completion rate was not available from
NTP, we used data from COMMIT to approximate the
number of individuals who completed TPT treatment.
The treatment completion rates of the 6-month isoniazid
regimen were considered in both instances, as it was the
predominant TPT regimen used in Cambodia in 2019
and most of 2020. It was also a more conservative and
plausible assumption.

RESULTS

PPA

Nationally, 54% of those who exhibited symptoms
(cough =2 weeks or haemoptysis) sought initial care
in the private sector. Most visited private pharmacies,
followed by private clinics and hospitals. For those who
visited the public healthcare facilities, care-seeking for
TB symptoms was mainly initiated at the health centres.
Approximately 6% of individuals with presumptive TB
sought non-medical care in the informal sector on falling
ill (figure 1).

Most public hospitals (85%) were equipped with TB
diagnostic modalities, 83% had at least one smear micro-
scope, 54% were furnished with at least one GeneXpert
system and 2% provided culture tests. A small fraction
(9%) of the public health centres were equipped with at
least one smear microscope, and none housed GeneX-
pert instruments or culture tests. The private and non-
medical sectors did not provide TB diagnostic services.
Overall, 7% of people with TB accessed a facility with TB
diagnostic services at their first point of care.

Care initiation and access to TB diagnostic services
varied between provinces (figure 2). Twelve provinces
with >50% of people with TB who sought initial care in
the private sector had an average proportion of the urban

National

Figure 1 Patient pathway analysis at the national level.

The patient pathway describes the care-seeking patterns
and their alignment with tuberculosis (TB) services. Column

1 represents the place of initial care-seeking reported

by people with TB symptoms (cough >2 weeks and
haemoptysis) in the national TB prevalence survey 2011. The
second column shows the breakdown of the facilities visited
at initial care-seeking by sector and facility levels. The third
column represents the coverage of TB diagnostics in the
different sectors and facilities using the proportion of facilities
with at least one TB diagnostic platform (smear microscope,
GeneXpert instrument or culture test). Column 4, which
represents the access to diagnostic services at initial care-
seeking, is the output of the product between the metrics in
columns 2 and 3. The coverage (proportion of health facilities
providing TB treatment) and access to treatment services are
presented in columns 5 and 6. Column 7 shows which sector
provided case notification, representing a share of the overall
estimated TB incidence in 2019. The last column shows the
treatment outcome among notified cases in 2019.

population in these provinces of 30%. In nine provinces
with >50% who initiated care in the public sector, the
average proportion of the urban population in these
provinces was lower at 21%. The difference, however,
was not statistically significant (Wilcoxon rank-sum test;
p=0.79). Access to TB diagnostics at the initial point of
care-seeking was the highest in four provinces where
most of its population live in rural areas—Svay Rieng,
Preah Vihear, Ratanak Kiri and Takeo. Access to diagnos-
tics was higher among those who initiated care at public
hospitals (median: 3.4%) compared with public health
centres (median: 1.6%) after experiencing TB symptoms,
although not statistically significant (Wilcoxon rank-sum
test; p=0.07).

Notwithstanding the low coverage of diagnostic
services at public health centres, TB treatment was avail-
able at all health centres and nearly all public hospitals in
Cambodia. As TB treatment services are only available in
the public health sector in Cambodia, none of the private
health facilities administers TB treatment. Overall, 63%
of the estimated 47 000 TB cases were notified to the NTP
in 2019. The remaining 37% were presumably undiag-
nosed and unnotified, and it was possible that they were
not duly managed and treated for TB. Of those who were
notified and initiated TB treatment, the success rate was

96% in 2019.
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Figure 2 Access to tuberculosis (TB) diagnostic and
treatment services at the provincial level. This figure shows
the access to TB diagnostic and treatment services at initial
care-seeking at the provincial level. Access (presented in
percentage) was estimated by considering the place of
initial care-seeking and diagnostic and treatment services
coverage at the different sectors and facilities.

Cascade of care (TB disease)

Of the 47 000 estimated incident TB (all forms) cases
(95% CI 31 000 to 68 000) in Cambodia in 2019, we
estimated that 39 110 (95% CI 34 603 to 45 827) people
with TB (83%) accessed public health facilities and were
evaluated for TB (figure 3). This suggested that 17% of
people with TB never sought care or did not have access

TB disease (all-forms) care cascade in Cambodia
70000

60000 —

50000 —

40000 — se
(19%) Did not get
egistered for

re
30000 * T(s%)

20000 —

10000 —

Number of individuals at each step of the cascade

100 % 83 % 67 % 64 % 59 % 56 %

Recurrent
free survival

Treatment
success

Estimated Accessed Diagnosed
incidence of TB  TB tests with TB

Registered
in treatment

Figure 3 TB disease care cascade in Cambodia.
Proportions (in white) refer to the percentage of people

at each step of the cascade compared with the first step
(estimated TB incidence). Proportions (in orange) refer to the
percentage attritted at each step compared with the previous
step (% difference). The treatment success rate presented

in the care cascade differs from PPA despite representing
2019’s outcomes because of the denominator used. We used
the preceding step to treatment outcome in the care cascade
as the denominator resulting in a treatment success rate

of 92%. We obtained the treatment success rate in patient
pathway analysis (96%) from the WHO database, and it was
based on the total number of persons evaluated in 2020 as
the denominator. TB, tuberculosis.

to public health facilities. Among 39 110 people with TB
evaluated, we estimated that 31 664 (95% CI 31 073 to
32 556) (81% (95% CI 79% to 83%)) were diagnosed
with TB. Among those diagnosed with TB, 30 017 (95%)
were registered in treatment and notified to the NTP. A
pretreatment loss to follow-up rate of 5% was estimated.
A total of 27 758 (95% CI 27 667 to 27 847) people
registered in treatment, and 92% (95% CI 92% to 93%)
completed the regimen as intended and achieved treat-
ment success. We estimated that 94% (95% CI 89% to
97%) of the TB survivors remained alive and TB-free
1 year after treatment (150 people surveyed, 143 were
alive and 141 were TB-free). Of the estimated number
of people who developed TB in 2019 in Cambodia, 56%
(95% CI 52% to 57%) were identified, diagnosed, linked
to care and successfully treated and remained alive and
TB-free for 1 year post treatment.

Cascade of care (TPT)

The estimated number of PLHIV in Cambodia was 76 000
(95% CI 68 000 to 83 000) and 75 000 (95% CI 67 000
to 83 000) in 2019 and 2020, respectively (figure 4A).*
Of the total, 82% (95% CI 73% to 90%) and 84% (95%
CI 75% to 92%) knew their HIV status in the respective
years.” It was estimated that 98% of those who knew their
HIV status were eligible for TPT in 2019 and 2020. The
proportion of eligible PLHIV on antiretroviral therapy
(ART) initiated by TPT was 47% in 2019 and rose to 56%
in 2020. Among those who started TPT, 71% and 61%
completed the treatment in 2019 and 2020, respectively.
Among the estimated PLHIV in Cambodia, <30% initi-
ated and completed TPT.

For the care cascade among children <5 years
(figure 4B), of the 9245 (95% CI 8985 to 9510) children
who needed evaluation annually in Cambodia,** we esti-
mated that 54% (95% CI 53% to 56%) and 53% (95% CI
52% to 58%) were evaluated for TB disease and infection
in 2019 and 2020, respectively. In 2019, 4600 (95% CI
4200 to 5000) (92%) were estimated to be eligible for
TPT; 66% initiated it. In 2020, of the 4500 (95% CI 4100
t04900) (92%) eligible children, 84% initiated it. Overall,
53% (95% CI 29% to 65%) (2019) and 67% (95% CI 36
to 80%) (2020) of those eligible for TPT completed the
recommended regimen.

The estimated number of TB household contacts was
38 397 (95% CI 38 084 to 38 814) in 2019 and 38 368
(95% CI 38 055 to 38 785) in 2020.% In 2019, 18 938
all-age household contacts (49%) were evaluated for TB
disease and infection (figure 4C). The number rose by
57% to 27 542 due to coverage expansion in 2020. In
2019, 28% of eligible individuals started TPT, and the
figure quadrupled to 14 449 (66%) in 2020. The TPT
completion rates among household contacts (children
<5 years and all ages) were estimated to be approximately
80%. Overall, 23% (95% CI 22% to 26%) (2019) and
54% (95% CI 50% to 58%) (2020) of those eligible for
TPT completed the recommended regimen.
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Figure 4 TPT care cascades for (A) PLHIV, (B) household
contacts <5 years and (C) household contacts of all ages.
Proportions (in white) refer to the percentage of people at
each step of the cascade compared with the preceding step.
For household contacts (all ages), the first bars represent
the estimated number of persons with bacteriologically-
confirmed TB, used to estimate the number of household
contacts that needed evaluation for TB disease and TPT.
ART, antiretroviral therapy; BK+, bacteriologically-confirmed
TB; PLHIV, people living with HIV; TB, tuberculosis; TPT, TB
preventive treatment.

DISCUSSION

In Cambodia, TB services are predominantly provided
by the public sector. The private sector does not provide
direct TB care, and the notification rate remains poor.27 =
However, as in many high TB burden countries,® most
people with presumptive TB preferred to seek private
healthcare. Such inclination was estimated to incur
more than two-thirds of Cambodia’s out-of-pocket

healthcare payments.” In a 2015 systematic review, Lei
and colleagues reported positive TB case detection rates
and improved treatment outcomes through the involve-
ment of the private health sector in referrals, diagnosis,
treatment, awareness-raising and health education.”
While there have been efforts to improve referrals from
the private to the public sector,”” * inadequate funding,
strong dependence on incentive-based referrals, chal-
lenges in persuading private medical practitioners to
partake and maintaining seamless coordination between
the sectors have hampered the scale-up and sustaina-
bility of public—private engagement in TB control.”
As the private sector plays a significant role in the care
pathway, revitalising and contextualising the public—pri-
vate engagement programmes will be critical in finding
unreached and undiagnosed cases.”™ Solutions should
be tailored according to the country’s contexts for success
and sustainability.

The availability of TB diagnostic modalities, such as
smear microscopy and GeneXpert, in health facilities
plays a crucial role in delivering TB services. TB work-up
might not be initiated appropriately in places where
such resources are scarce. The availability of GeneXpert
systems in Cambodia has increased over the years (26
devices in 2015 and 75 in 64 sites in 2019).%® % But the
coverage will likely remain inadequate at 1.4 health facil-
ities with GeneXpert assays per 1000 estimated incident
TB cases.”” The requisite to ramp up the availability of
rapid diagnostics is one of NTP’s primacies.” TB diag-
nostic tools have a different turnaround and reporting
time—GeneXpert assay (approximately 3 hours),
smear microscopy (about 19 hours) and cultures (=14
days)®® *—resulting in considerable impact on the time
to diagnosis and treatment initiation.” Nevertheless, the
implementation of molecular diagnostics relies on a
strong healthcare ecosystem comprising a sufficient and
appropriately skilled workforce and robust specimen
transportation, storage, communication and follow-up
systems,*” which may be lacking in underresourced
settings.' Furthermore, the quality of sputum specimens
and laboratory processes are also critical in improving
TB diagnosis.* ** Therefore, these facets should be
accounted for while considering the roll-out and scale-up
of TB diagnostic modalities.

At the subnational level, access to TB diagnostics and
treatment services at initial care-seeking was the highest
among provinces with a higher proportion of the rural
population. This finding could be attributed to the reli-
ance of the rural population on public healthcare, which
is more affordable, thereby rendering better access to
TB services due to their availability in the public sector.
However, this study could not account for the time taken
for people with TB to reach such services. However, delay
in TB diagnosis is more prominent among rural dwellers
in Cambodia, suggesting other barriers to care-seeking
among this population. A whole-of-society approach is
warranted to address them.” ** To improve the yield of
TB detection, access to TB diagnostic services could be
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facilitated or provided directly by active case finding
(ACF) interventions that bring TB diagnostic services
closer to the communities.” ** ACF interventions
targeting urban and rural settings using various modus
operandi have been shown to improve TB case detec-
tion in Cambodia.*” *"* Therefore, despite being highly
resource-intensive, ACF remains a critical mechanism
in finding people with TB in Cambodia and other high-
burden settings.*

In the 2011 Cambodia national TB prevalence survey,
the prevalence of asymptomatic bacteriologically-
confirmed TB was 71%."° The lack of key TB symptoms,
such as cough, haemoptysis and night sweats, has also
been associated with delayed TB diagnosis in Cambodia.”
Nonetheless, symptom screening remains the mainstay
in the initial screening of TB in both passive and active
case-finding approaches. While we could not account
for these populations in this study, about 50% of people
with TB disease were subclinical/asymptomatic yet
infectious, which may have contributed substantially
to the ‘missing cases’.”’ Apart from the possibility that
people with TB were underdiagnosed or undiagnosed
due to the lack of diagnostic resources and barriers to
care-seeking and diagnosis, under-reporting is another
reason TB cases could be missed. In Cambodia, TB noti-
fication was only done by the public health facilities to
the NTP, and a surveillance system is currently in place
to better manage data within the country. An evaluation
conducted in 2010 exemplified that the TB data on case
notification and treatment outcomes in Cambodia were
complete and consistent.”’ However, efforts to digitalise
TB information systems should be routinely fortified,
including research on data services,” to enhance data
management efficiency and policy decision-making. This
includes addressing the gap in reporting TB cases in
sectors outside NTP’s jurisdiction, such as private health-
care facilities. Notification data essentially include those
diagnosed and registered for treatment. Pretreatment
loss to follow-up, a key parameter reflecting those diag-
nosed and subsequently linked to treatment and care,
should be periodically monitored with its associated
factors understood.

Universal access to free TB treatment and expanding
community-based care was pivotal in achieving high treat-
ment success rates among people with TB in Cambodia.”
Among those who completed TB treatment, most
remained alive and TB-free in the ensuing year. This
estimate was higher than that in India, another high TB
burden setting at 86%."” Beyond TB, other lung diseases,
poor mental health and well-being and excess mortality
among TB survivors have been reported elsewhere.”* A
2021 systematic review estimated that post-treatment
TB-related disabilities were frequently reported with the
pooled prevalence of neurological impairments (40.9%),
mental health disorders (19.8%) and respiratory disor-
ders (19.3%).” There is a scarcity of information on
post-TB health and well-being in Cambodia. Further
research should seek to understand this neglected area,

and the current TB care package should be expanded to
include support after TB.

Upstream in the spectrum of TB, before the devel-
opment of active disease, we mapped the care cascade
for TPT services among PLHIV and household contacts
(children <5 years and all ages). The proportion of
PLHIV enrolled in ART who initiated TPT in Cambodia
(52%) was above the average of the Western Pacific
region (41%) and just shy of the global coverage (68%)
in 2019, and a similar trend was observed in 2020.! In this
study, the main losses occurred before treatment initi-
ation among those eligible for TPT. While the barriers
to starting and completing TPT have not been system-
atically understood in Cambodia, factors such as knowl-
edge and information regarding TPT, proper referral
and follow-up post evaluation, staff training about TPT,
adverse events and pill burden have been reported in a
recent systematic review.”® Therefore, efforts are needed
to understand the gaps and develop contextualised inter-
ventions to improve the TPT care cascade among PLHIV
locally.

A significant gap was observed among household
contacts in the number evaluated for TPT, where only
approximately half of those who needed evaluation were
assessed. Contact investigation is effective in actively
seeking people with TB, and it is typically done through
TB registries and screening of household contacts of
persons with bacteriologically-confirmed TB. However,
contact investigation is financially and human resource-
intensive and often implemented by non-governmental
organisations with external donor funding. Nonetheless,
ACF in Cambodia comes in many forms, including a
strong presence in the community.”” *® Therefore, they
could be capitalised by screening household contacts for
TB disease, infection and TPT on identifying persons
with TB through an integrated search-treat-prevent
approach.” Further down the cascade, the improvement
in TPT initiation and estimated treatment success rates
were encouraging. Nevertheless, remaining barriers
should be addressed, and the usage of a shorter effec-
tive regimen should be scaled up, sustained and duly
monitored.

This study has several limitations. We lacked several key
local and timely data in conducting PPA and constructing
the care cascades. Data on TB-specific care-seeking
behaviours were collected in 2011 and lacked informa-
tion on four provinces. The alternate option would be
to use care-seeking data for general illnesses and injuries
collected through the most recent demographic health
survey (2014). However, we opined that the care-seeking
patterns for respiratory symptoms might differ from
general ailments; therefore, the former was analysed.
We also lacked insights into the private sector. Despite
assuming that the private sector was not providing TB
services in our analyses, some larger and more equipped
tertiary hospitals might have diagnostic capabilities. In
2019, 0.1% and 0.5% of the notified cases were referred
from factories (ACF) and the private healthcare sector,
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respectively. But we lacked detailed information to
include them in the analyses meaningfully. Hence, the
visibility of the private sector’s involvement would be
valuable.

Furthermore, we could not pinpoint the exact health
facilities that a person visited and if diagnostics were avail-
able. We also did not know the proportion of people who
did not submit a second/third specimen and the incre-
mental yield of a second sample in Cambodia. However,
the parameters used in the analyses were discussed with
NTP for local relevance. One key element the PPA and
care cascade for TB disease did not capture was the time
delays to TB diagnosis and treatment. A previous study in
Cambodia reported that the median time from the onset
of TB symptoms to diagnosis of 49 days.” Some people
with TB might be eventually diagnosed, but long delays
would continue to perpetuate TB transmission in the
household and communities. For the TPT care cascade,
the parameters inferred from the ongoing intervention
(COMMIT) could have been overinflated as the project
is adequately resourced and conducted in a controlled
environment. Therefore, the estimated figures might not
represent the outcomes observed outside the interven-
tion settings. Nonetheless, the intervention is integrated
within the public health system and strives to be scalable,
translatable and sustainable within the country in the
long run. They are the only available information, high-
lighting the need for better data. We also did not account
for other scenarios (eg, people eligible for TPT who may
not be offered TPT due to the lack of recommendation
from clinicians) that could have contributed to the gaps
in our calculations.

Despite the limitations, this study illustrated gaps
in care-seeking preferences and access to diagnostic
services, the coverage of TB diagnostics, laboratory
processes and reaching those who do not access TB
services. There were also noteworthy gaps in the eval-
uation, uptake and completion of TPT among PLHIV
and household contacts in Cambodia. Systemic reforms
such as engagement with the private sector, ramping
up the availability of TB diagnostics, further decentral-
ising diagnostic services to health centres and assessing
the quality of sputum collection and laboratory proce-
dures could improve TB care and control efforts in the
country. It is also imperative to address the social, struc-
tural and systemic barriers to TB care by implementing
multiprong strategies. The strategies may include taking
a proactive approach in actively seeking people with
TB in the health facilities and communities, ensuring
people-centred TB services, community empowerment
and mobilisation and implementing universal health
coverage and other social protection schemes. TPT
services should be integrated with routine case-finding
interventions, and barriers to TPT uptake and comple-
tion should be understood and addressed. Efforts and
investments should also be concerted in generating
better data and facilitating data usage to inform policy
and programmes (see online supplemental materials for

action plan). Ultimately, optimising case finding, treat-
ment and prevention of TB will curtail transmission,
reduce the TB burden, and advance toward ending TB
in Cambodia by 2030.
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