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Abstract
Objective: To identify the patterns of tuberculosis (TB) notification rates in
Phnom Penh and examine their relationships with the population density,
socioeconomic, residential and occupational characteristics. Methods: The
numbers of total TB and smear-positive pulmonary TB cases reported between January 1, 2010 and December 31, 2012 in Phnom Penh were counted
for 76 communes in Cambodia according to TB registration records filed
under the national TB programme. Population, socioeconomic, residential
and occupational characteristics for the communes were obtained from the
2008 General Population Census of Cambodia. The following indicators were
developed for individual communes: smear-positive pulmonary TB notification rate (SPTB-NR) (per 100,000 population, in 36 months), population
density (per km2), socioeconomic indicators, residential characteristics and
occupational characteristics. Geographic patterns of these indicators and
characteristics were analysed using ArcGIS. Associations between SPTB-NR
and characteristics were analysed. Results: A total of 4102 TB cases were reported in 36 months, including 2046 SPTB cases. SPTB-NR for Phnom Penh
was 135 cases per 100,000; median SPTB-NR by commune was 100. SPTB-NR
was higher in outlying areas than in city centre communes; population density was high in the centre and low in the outlying areas. SPTB-NR was associated with larger percentage of household members per room (PR: 2.81,
95%CI: 2.68 - 2.93), percentage of population resident in the same commune
<5 years (PR: 1.00, 95%CI: 1.00 - 1.01) and percentage of population in 4 of
10 occupational groups, even after excluding the influence of socioeconomic
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characteristics. Conclusions: The SPTB-NR in Phnom Penh did not follow
the pattern of population density. Socioeconomic, residential and occupational characteristics by commune were associated with SPTB-NR. Development of prevention and control programmes by considering commune level
characteristics is encouraged.

Keywords
TB Notification Rate, National Tuberculosis Programme, Census Data,
Area-Based Approaches, Cambodia

1. Introduction
1.1. Background of Tuberculosis in Cambodia
Although Cambodia had one of the world’s highest tuberculosis (TB) rates in the
1990s, the implementation of health system reforms and a nationwide TB
programme helped the country to make significant progress in terms of TB
control. However, Cambodia is still ranked in the top 22 High Burden Countries (HBC) list by the World Health Organisation (WHO), with an infection
rate of approximately 380 per 100,000 in the population in 2015 [1]. The
smear-positive pulmonary TB notification rate in Cambodia has been declining since 2010 at a rate of 2.8% per year. However, this needs to reach a decline
of at least 4% - 5% per year to achieve the 2020 milestones of the WHO End
TB Strategy [2].

1.2. TB Trends in Rapidly Developing Phnom Penh in Relation to
Population Density and TB
The official estimates of the World Bank indicated that, as the capital of Cambodia, Phnom Penh has been experiencing strong economic growth over the last
two decades. Although the majority of people do not live in urban settings
(78.2%), Phnom Penh has been experiencing rapid urbanisation and more people are moving into the inner city. Economic development is expected to help to
reduce the incidence rates of infectious diseases in the population as growing
wealth in each household improves personal hygiene and increases medical expenses. However, rapid population growth and population mobility could introduce rapid environmental changes in the characteristics of the communes
that would affect public health practices. Increased population densities and unhealthy living conditions in urban slums may increase the transmission rates of
infections [3]. Migration may also increase vulnerability to TB [4]. Demographic
trends may have a large impact on TB transmission and alter the patterns of infection in heavily affected countries.

1.3. Area-Based Approaches to Address Occupational Risk
Although there is currently a great deal of emphasis on area-based public health
DOI: 10.4236/jtr.2019.72011
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interventions, the degree of heterogeneity in risk of TB between areas has not
been addressed in sufficient detail. The available evidence in inadequate to understand the TB risks among smaller administrative units within Cambodia.
There is a systematic TB prevention and control strategy in Cambodia, so standardised protocols exist and a reporting system has been established. However,
variation between communes has not been taken into account. In addition, there
is increasing interest in the potential association between occupation and risk of
TB. Although TB is a known occupational hazard for healthcare workers [5] [6],
there is a paucity of surveillance information for different occupations in different countries. These overlooked areas may contribute to the partial effectiveness
of existing TB control programmes.

1.4. Objectives of the Study
This study was performed to identify the geographic patterns in the smear-positive
pulmonary TB notification rate in Phnom Penh, and to examine their relationships with population density as well as socioeconomic, residential and occupational characteristics.

2. Methods
2.1. TB Registration Data
A descriptive analysis was performed on SPTB cases in Cambodia using TB surveillance data obtained from a TB case register for the national TB programme
between January 2010 and December 2012. A total of 5126 TB patient records
filed in Phnom Penh during this time were used in this study. In Cambodia, the
smallest administrative unit is a commune under a district organised by a province or the municipality. Phnom Penh, the capital of Cambodia, was comprised
of 76 communes and eight districts under the municipality in 2008. In the
Cambodian health system, the basic organisational and reporting unit is a district, which also serves as a basic management unit of the national TB programme. Each district provides health services through healthcare centres and
referring hospitals. The TB case register consisting of individual patient records
collected at the healthcare centre level. The records are regularly consolidated
into the register that references all notified TB cases by commune and then entered into the national databases. The information categories include age, sex,
address (including residential commune, disease category, treatment outcome
and laboratory data.

2.2. Notification Rate Calculation
The notification rate in this study was calculated based on the WHO definition:
“Number of new and relapse TB cases notified to the national health authorities
during a specified period of time’ over ‘Total population in the specified area
during the same time period [7]. The smear-positive pulmonary TB notification
rate (SPTB-NR) was calculated by matching the number of smear-positive pulDOI: 10.4236/jtr.2019.72011
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monary TB cases reported in the study period of 36 months and population
commune reported in the 2008 population census and adjusted to per 100,000
population.

2.3. Census Data
Data on the population density as well as socioeconomic, residential and occupational characteristics were obtained from the national population data from
the 2008 General Population Census of Cambodia. According to the census,
Phnom Penh has a total population of 1,327,615 and 260,468 households. A total
of 250,597 households categorised as General households were used in the
analysis. The census included individual information as follows: age, gender,
residential commune, education, occupation and household information, such
as number of family members, income and ownership of typical household facilities. The disaggregated 2008 census, which was maintained in Excel, was
consolidated for further analysis and ArcGIS 10.6 was used to produce maps depicting geographical distributions of notified TB cases per 100,000 population as
well as the population density and four selected indicators from the census.

2.4. Indicators for the Analysis
In addition to population density (per km2), two socioeconomic indices and two
residential characteristics were used in the analysis. Low wealth index (LWI) and
non-education index (NEI) were developed as socioeconomic indicators. LWI
was developed by performing principle component analysis (PCA) with
non-ownership of six typical facilities, i.e., radio, TV, cellphone, phone, computer, and motorcycle, by household. NEI was developed according to the percentage of population aged between 15 and 64 that had never attended school or
any educational institution. Number of household members per room and percentage of population living in the same commune <5 years were adapted as
residential characteristics.

2.5. Statistical Analysis
All analyses were performed using Stata ver. 15 (Stata Corp, College Station, TX,
USA). Bivariate and multivariate Poisson regression analysis was performed to
calculate the Poisson ratio (PR) and to examine the association between
SPTB-NR and population density (per km2) and the socioeconomic indicators,
LWI and NEI, developed based on the census information. Similarly, the analysis examined the associations between SPTB-NR and residential characteristics:
number of household members per room; and percentage of population living in
the same commune <5 years. There were 162 occupations listed in the census,
which were divided into 10 occupation groups in the 2008 census. Finally, the
associations of these occupation groups with SPTB-NR were also examined using three models: 1) crude; 2) crude model adjusted by wealth using LWI; and 3)
crude model adjusted by education using NEI. Maps to show the distribution
DOI: 10.4236/jtr.2019.72011
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patterns of SPTB-NR and socio-demographic variables were produced by using
ArcGIS 10.6.

2.6. Ethical Considerations
Ethical approval was obtained from the Ethics Review Committee of Tokyo
Medical and Dental University (TMDU) and The National Ethical Committee
for Health Research in Cambodia. The study was conducted in compliance with
the protocol, which was reviewed and approved by the Ethics Committees (Receipt Number: 1615 TMDU).

3. Results
In Phnom Penh, a total of 4102 reports of TB cases were identified with information regarding the patients’ residential commune. Among them, 2046 smearpositive cases, 991 smear-negative cases, and 1065 extra pulmonary TB cases
were identified through the case registry for the national TB programme between January 2010 and December 2012. The average course of treatment was
180 days and the treatment success rate was 86.5%, although there was a loss to
follow-up rate of 7.8%. There were 999,804 people registered and the population
growth rate was 2.83 between 1998 and 2008, according to the General Population Census 2008.
Figure 1 dipicts the geographical spread of SPTB-NR. The darker coloured
communes indicate those with higher NR than the paler areas. High NR was observed in outlying areas of the city during the 36 months of the study.
Figure 2 shows the areal population density (per km2), socioeconomic (LWI

Figure 1. Smear-positive pulmonary tuberculosis notification rates (per 100,000 population) by communes in Phnom Penh, January 2010-December 2012.
DOI: 10.4236/jtr.2019.72011
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Figure 2. Population as well as socioeconomic and residential characteristics by communes in Phnom Penh, according to the 2008
General Population Census of Cambodia: LWI was calculated based on six variables of non-ownership of household equipment;
NEI was determined as the percentage of population 15 - 64 years old that had never attended school.
DOI: 10.4236/jtr.2019.72011
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and NEI), and residential characteristics (number of household members per
room and percentage living in the same commune <5 years). The map of population density showed higher rates in the central areas of the city, while the other
maps showed higher parameters in the outlying areas.
For Figure 1 and Figure 2, all cut points for the parameters were quantiles.
Table 1 shows average NR of total TB, SPTB, SNTB and extrapulmonary TB by
the commune for the 36 months calculated based on the census population. The
highest SPTB-NR in a commune was 464 cases per 100,000 population per year.
Table 2 shows the associations between areal rates of SPTB-NR and population density as well as socioeconomic and residential characteristics. Density per
room in a household was associated with TB notification rate (PR: 2.80, 95%CI:
2.68 - 2.93) and the rates were also associated with the TB rates even after adjusting with LWI and NEI (PR with LWI: 1.10, 95%CI: 1.04 - 1.17 and with NEI:
Table 1. Statistics of reported TB cases in 36 months per 100,000 population, Phnom
Penh, January 2010-December 2012.
Notification rate#
per 100,000 population

Total

Smear-positive

Smear-negative

Extra pulmonary

Average notification rate (NR)

270

135

68

67

Min

0

0

0

0

Max

811

464

386

232

Median

235

100

42

55

Note#: 159 cases registered in prison (55 SPTB, 88 SNTB and 16 extrapulmonary TB) in Prey Sa were not
included in the analysis.

Table 2. Association of commune statistics between smear-positive pulmonary TB notification rate (SPTB-NR) and population density, socioeconomic and residential characteristics, Phnom Penh, January 2010-December 2012, adjusted by socioeconomic characteristics##.
Crude
PR
Population density

95% CI

Adjusted§
PR

95% CI

Adjusted§§
PR

95% CI

0.99***

[0.99, 0.99] 0.99*** [0.99, 0.99] 0.99*** [0.99, 0.99]

Low wealth index (LWI)

1.97***

[1.93, 2.01]

Non-education index (NEI) (%)

1.05***

[1.04, 1.05]

Number of household members
per residential room

2.80***

[2.68, 2.93] 1.10** [1.04, 1.17] 2.55*** [2.42, 2.68]

Population living in the same
commune < 5 years (%)

1.00***

[1.00, 1.00] 0.99** [0.99, 0.99] 1.00***

Socioeconomic
Characteristics, commune

Residential
characteristics, commune

[1.00, 1.00]

Note##: All values above were rounded down to two significant figures. CI: confidence interval. §Adjusted
model for Low wealth index (LWI); §§Adjusted model for Non-education index (NEI). *P < 0.05, **P <
0.01, ***P < 0.001.
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2.55, 95%CI: 2.42 - 2.68).
Table 3 shows the number and percentage of employed persons by occupation
group in Phnom Penh in 2008. Major occupation groups of the employed population in Phnom Penh were service and sales workers and craft and related workers.
Table 4 shows the associations between occupation groups and SPTB-NR by
commune. Four of 10 occupation groups were associated with TB rates (PR > 1.00).
Table 3. Number and percentage distribution of employed persons by occupation group,
Phnom Penh.
Occupation Group

Number of employed persons Percentage of employed persons

Armed forces

15,531

2.4

Managers

11,896

1.8

Professionals

23,532

3.6

Clerical support workers

41,924

6.5

Technical associate professionals

51,660

8.0

Services and sales workers

186,582

28.9

Skilled agriculture

31,886

4.9

Craft and related workers

189,327

29.3

Plant machine operators

39,032

6.0

Elementary occupations

54,500

8.4

Total

645,870

100.0

Table 4. Association of commune statistics between smear-positive pulmonary TB notification rate (SPTB-NR) and percentage of population by occupation group, Phnom Penh.
Occupation group

Crude
PR

95% CI

Adjusted§
PR

95% CI

Adjusted§§
PR

95% CI

White-collar
Managers

0.65***

[0.64, 0.67] 0.89*** [0.87, 0.91] 0.68*** [0.66, 0.69]

Professionals

0.68***

[0.67, 0.69] 0.81*** [0.80, 0.84] 0.66*** [0.65, 0.67]

Clerical support workers

0.88***

[0.87, 0.88] 0.93*** [0.92, 0.94] 0.88*** [0.88, 0.88]

Technical associate professionals 0.79***

[0.78, 0.79] 0.85*** [0.84, 0.86] 0.78*** [0.78, 0.79]

Blue-collar
Skilled agriculture

1.02***

[1.01, 1.02] 1.00*** [1.00, 1.00] 1.02*** [1.02, 1.02]

Craft and related workers

1.03***

[1.03, 1.03] 1.01*** [1.01, 1.01] 1.03*** [1.03, 1.04]

Plant machine operators

1.09***

[1.08, 1.10] 1.04*** [1.03, 1.05] 1.04*** [1.03, 1.05]

Elementary occupations

1.04***

[1.03, 1.04] 0.99*** [0.99, 1.00] 1.00*** [1.00, 1.00]

Armed forces

0.78***

[0.77,0.80] 1.13*** [1.11, 1.15] 0.84*** [0.82, 0.86]

Services and sales workers

0.95***

[0.95, 0.96] 0.98*** [0.98, 0.98] 0.96*** [0.95, 0.96]

Others

CI: confidence interval. §Adjusted model for Low wealth index (LWI); §§Adjusted model for Non-education
index (NEI). *P < 0.05, **P < 0.01, ***P < 0.001.
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Having higher room density per household and residency <5 years in a commune were associated with TB infection, and these PRs were significant even after adjusting by LWI of non-ownership of typical facilities by a household or by
NEI. This phenomenon was also observed in analysis of the following four occupation groups: the skilled agriculture group is the most common occupational
group in Cambodia, with 71.28% of the population belonging to this group; the
craft and related workers group consists of garment factory workers; the plant
machine operators group includes motodup and tuktuk drivers; and the elementary occupation group includes mining construction workers.

4. Discussion
Our commune-based areal analysis of TB with census data revealed a ring-shaped
distribution pattern with high SPTB-NR in the outlying areas. In contrast to
previous reports, population density was not associated with SPTB-NR in Phnom
Penh during the 36-month study period [8] [9] [10]. This was likely to have been
due to multifactorial contributing factors, but may also have been partly due to
the higher socioeconomic status in the city centre. An unequal distribution of
socioeconomic status was seen on the map of LWI (Figure 2).
Poverty is strongly associated with rates of TB infection [11] [12]. The Cambodian education system was severely hindered by the execution of educated
people during the period of rule by the Khmer Rouge regime. In addition, the
Cambodia Socio-Economic Survey 2010 indicated that children in Cambodia are
still forced to give up education to work and supplement the family’s income
due to poverty. Lower educational status in outlying areas was associated with
SPTB-NR.
Living in a house with more people was associated with risk of TB infection.
Although the population density was higher in the city centre, higher household
density was observed in outlying areas. This suggested higher risk of TB with
crowded households, as discussed previously [13] [14]. These results suggest that
population density is unlikely to capture the frequency of human-to-human
contact and therefore miss the actual risk of TB exposure.
In this study, “mobile population” was defined as a residency <5 years in a
commune, and therefore could be described as internal migrants. In Cambodia,
poverty has been closely associated with migration, with most internal migration
being for economic reasons [15]. The mobile population may have been pushed
to migrate due to lack of land ownership or lack of economic opportunities at
their place of origin. However, internally migrating people are unlikely to own
land or property at their destination, and have access only to temporary or seasonal jobs, which allow them only to maintain their status rather than to improve their standard of living. Lack of accessibility to land and resources could
be the main drivers of internal migration from the densely populated central areas to the less densely populated outlying areas [16]. The movement of landless
people to the outlying areas of the city may contribute further to the spread of
DOI: 10.4236/jtr.2019.72011
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TB infection to these areas.
Health care workers were reported previously to have increased TB risk [17],
and the concept of occupational hazards for such workers is generally accepted.
However, the TB risks in other occupational categories have not been monitored. This study revealed associations between certain occupation groups in
Cambodia and SPTB-NR. Four occupation groups showing a positive SPTB-NR
association have low educational requirements. The NEI map shows the percentage of the population with no education, and this corresponded to the fact
that there were more people with those four occupations, especially farmers and
garment factory workers, living in outlying areas of the city.
The main strength of this study was the use of data sets from the general
population census and the national TB programme. The health data from the TB
programme from healthcare centres in each district were centrally gathered and
organised, and the data were disaggregated to the commune level before the
analysis. One of the limitations of this study is that the study design did not address individuals; however, it allowed us to explore areas and communes with
high TB notification rates and enabled us to focus on smaller areas where target
populations may reside.
Social protections designed to reduce vulnerability to poverty could support
people suffering from incapacities as a result of age, lack of accessibility to education, unemployment and discrimination to secure basic life needs. Although
further studies are necessary to determine the precise relationships between internal migration and TB, poverty-driven internal migration should be taken into
account to understand the spread of TB infection in outlying areas of the city.
Contact tracing may be necessary to determine the spread of TB. Alternatively,
educational programmes may encourage high-risk groups to protect themselves
from TB infection. Furthermore, internal migration was shown to be associated
with occupation groups with high TB risk. Cambodia has been steadily reducing
its TB burden due to the rigid implementation of the national TB programme.
However, the rate of decline has begun to decrease. As a conclusion, of this
study, active surveillance at the level of smaller administrative units may help to
increase the rate of decline in TB incidence. Rapid urbanisation changes the environment, and therefore the pattern of TB infections. To address these changes,
it is necessary to identify groups that are especially vulnerable to the disease and
to implement preventive control measures for these groups.
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