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Abstract

Background: Tuberculosis (TB) spread pattern is influenced by geographic and social factors. Nowadays Geographic
Information System (GIS) is one of the most important epidemiological instrumentation identifying high-risk popula-
tion groups and geographic areas of TB. The aim of this study was to determine the correlation between climate and
geographic distribution of TB in Khuzestan Province using GIS during 2005-2012.

Methods: Through an ecological study, all 6363 patients with definite diagnosis of TB from 2005 until the end of Sep-
tember 2012 in Khuzestan Province, southern Iran were diagnosed. Data were recorded using TB- Register software.
Tuberculosis incidence based on the climate and the average of annual rain was evaluated using GIS. Data were ana-
lyzed through SPSS software. Independent #test, ANOVA, Linear regression, Pearson and Eta correlation coefficient
with a significance level of less than 5% were used for the statistical analysis.

Results: The TB incidence was different in various geographic conditions. The highest mean of TB cumulative inci-
dence rate was observed in extra dry areas (P= 0.017). There was a significant inverse correlation between annual rain
rate and TB incidence rate (R= -0.45, P= 0.001). The lowest TB incidence rate (0-100 cases per 100,000) was in areas
with the average of annual rain more than 1000 mm (P= 0.003).

Conclusion: The risk of TB has a strong relationship with climate and the average of annual rain, so that the risk of
TB in areas with low annual rainfall and extra dry climate is more than other regions. Services and special cares to
high-risk regions of TB are recommended.
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Introduction

Tuberculosis (IB) is the most common cause of
death derived from single agent infectious diseases
in the world. The global burden of disease in
terms of disability adjusted life years (DALY) is in
the 10" rank. It is expected that TB remains in this
position until 2020 or clime up to 7% rank. More
than 90% of TB occurs in developing countries.
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Approximately 75% of TB in mentioned countries
belongs to economically active age group (15-54
yr old) (1).

TB incidence varies in different parts of the world,
so that TB incidence in Africa is 365 per 100,000
(2), in London 5 per 100,000 (3), about 21 per
100,000 in Spain, 4.5 per 100,000 in America and
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the average in the world is 13 cases per 100,000
(4). TB incidence is 23 per 100,000 in Iran (5). Ac-
cording to WHO reports, 9.6 million people are
estimated to have fallen ill with TB in 2014: 5.4
million men, 3.2 million women and 1.0 million
children. An estimated 1.2 million people live with
HIV developed TB in 2014 (6). Most of TB new
cases was in Asia (55%) and in Africa (30%) and
the lowest TB cases was related to the East Medi-
terranean region (7%), BEurope (4%) and in Amer-
ica (3%) in 2010 (7).

TB based on effective geographic and social fac-
tors has a particular pattern. Understanding this
pattern is effective to plan TB control and can be
useful for health managers (8).

One of the main applications of epidemiology is
facilitate the identification of geographic regions
and vulnerable groups that are at greater risk of
morbidity and mortality of TB. Identification of
geographic areas and high-risk groups contribute
to selection proper social and health measures in
other to reduce risk factors (9). Geographic epi-
demiology is one part of descriptive epidemiology
that evaluates geographic distribution of morbidity
and mortality rates (10). One of the most im-
portant applications of geographic epidemiology is
achievement clues to determine the causes of dis-
eases, injuries and mortality (11). Today Geo-
graphical Information System (GIS) emerged and
developed to collection, storage, retrieval, optimi-
zation, analysis and display geographic infor-
mation (place) (12). GIS software provide spatial
distribution of some diseases such as TB by map,
thus it assess causes of disease and can display the
quantitative and qualitative spatial distribution of
disease. Since not all diseases have genetic and
infectious origin and environmental factors can be
cause of some diseases, this software could check
relationship of some diseases with environmental
factors (13).

One of the GIS applications widely used in the
world is inform and help to make decision for
health care management, incidence and prevalence
prevention and to control different diseases such
as TB, Malaria and HIV infection (14-16).

Using GIS in management and TB control, we
can prevent TB and its prevalence in different ge-

Available at: http://ijph.tums.ac.ir

ographic regions according to environmental con-
ditions. No study has been conducted using GIS
to investigate the spread of TB in Iran so far. This
study was performed using GIS for TB distri-
bution assessment in Khuzestan Province with
objectives that help health management to make
optimal decision and identifying the risk popu-
lation groups and determination of relationship
between environmental conditions and risk fac-
tors.

Materials and Methods

Location of study

This ecological study in the field of environmental
epidemiology was conducted in Khuzestan Prov-
ince that includes 3.9% of the Iran country total
area (64057 km?). The is between 29 ° and 57 min
till 33 ° and O min latitude north of the equator
and 47 ° and 38 min till 50 ° and 32 Mideast of
the Greenwich meridian in the South West of Iran
country (Fig. 1). According to population and
housing census in 2006, the population of
Khuzestan Province was 4274979. The province
has 20 townships, 47 towns, 41 counties, 126 rural
districts, 6199 settlements (17).

TB information

Statistics and required data (address of resident,
year of incidence and age of patients) were gath-
ered from the TB care system of Khuzestan Prov-
ince. Since the beginning of 2005 until the end of
September 2012, the number of 6,363 new pa-
tients has been diagnosed with TB in this province.
The data were gathered from TB Register soft-
ware, ver.7 (the software made by Ministry of
Health in Iran to record and analysis TB patients'
information).

GIS maps

The GIS maps of Khuzestan Province with scale
of 1:1000000 include: political boundaries map
(township, county), climate conditions map, The
map of 8 years rainfall average and 8 years tem-
perature average, was elicited from Forest and
Rangeland and Watershed Management Organiza-
tion of Iran.
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Fig. 1: The location of Khuzestan Province in
southwest of Iran

Construction maps of the TB distribution

The number of TB patients was determined based
on their lodging. Moreover, resident population of
each part of the province was defined according
to census of 2006. The 8 yr period cumulative in-
cidence rate according to population in 2006 was
calculated for each part. These data were added to
descriptive tables of GIS map and distribution
map of TB incidence was drawn. Each of the cli-
mate and the average of annual rainfall maps were
added to the distribution map of TB incidence as
a new layer by Arc GIS ver. 9.3, ESRI (Environ-
mental Systems Research Institute, Inc), Dublin,
Ireland. The obtained cumulative incidence rates
based on environmental parameters were depicted
by Arc GIS 9.3 software. To better display the
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relationship between TB incidence rate and envi-
ronmental parameters, TB cumulative incidence
rate were divided to 4 sub-groups. The first group
named low (0-100 cases per 100,000), medium
(101-200 cases per 100,000), high (201-300 cases
per 100,000) and very high (301-400 per 100,000);
the climate conditions were divided to 4 sub-
groups: Humid and Mediterranean regions, extra
dry regions, and Dry and Semiarid regions. The
average of annual rain rate was divided into 5
groups: 0-250 mm, 251-500 mm, 501-750 mm,
751-1000 mm, more than 1000 mm.

Data analysis

To data analysis, SPSS ver. 16 (Chicago, 1L, USA)
was used. Relationship between TB incidence rate
in different parts and environmental parameters
including climate conditions and the average of
annual rain rate was determined by Means plot,
Scatter plot, Independent £test, and one way
ANOVA, Pearson and Eta correlation coefficient.
The linear regression in significant level 0.2 was
used to determine the relationship between quan-
tities variables, which had normal distribution, and
normal error distribution such as average annual
rain and Tb incidence rate. The TB cumulative
incidence rate was calculated with use of the pop-
ulation in 2006.

Results

Totally, 6363 TB patients with the mean age of
39.3 £18 yr and median age of 35 6.5 yr were
evaluated. 56.6% (3603) were male with mean age
of 38.4%16.6 years and 43.4% (2760) were female
with mean age of 40.6£20.3 yr. The mean age of
female was 2.1 yr older than male and this differ-
ence was statistically significant (P= 0.001).

Based on our findings, there was an area with very
high TB incidence rate (301-400 cases per
100,000), there were 3 areas with high TB inci-
dence rate (201-300 cases per 100,000) and TB
incidence rate in other areas was medium and low
(101-200 cases per 100,000 & 0-100 cases per
100,000 people) (Fig. 2).
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The highest TB incidence rate (301-400 cases per
100,000) was in dry climate conditions and the
lowest rate was related to Humid and Mediterra-
nean areas (0-100 cases per 100,000) (Fig. 3). The
greatest amount of cumulative incidence during
period of study was in extra dry climate conditions
(150.51 cases per 100,000) and the least was found
in humid and Mediterranean regions (57.3 cases
per 100,000). The results revealed a statistically
significant relationship between the cumulative . By Gnabwsdy Orvasemend | s
incidence rate and the climate conditions (P= Glimate conditions

0.017) (Table 1&2) (Fig. 4).
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Fig. 4: Relationship between average of TB incidence rate and
climate conditions in Khuzestan Province between 2005-2012

Table 1: Central measures frequency of TB incidence rate according to the climate conditions in Khuzestan Province be-
tween 2005-2012

Climate conditions Number of Mean Standard 95% CI Minimum Maximum
regions deviation
Lower  Higher

Extra Day 6 150.51 59.71 122.57 188.45 43,12 206.21
Dry 15 128.4 94.36 93.17 163.64 0 394.6
Dry & extra Dry 6 131.69 96.02 70.68 192.7 13.75 286.82
Dry & Semiarid 6 115.22 65.7 73.47 156.97 39.96 231.14
Humid & Mediterranean 8 57.3 30.4 411 73.5 11.56 87.47
Total”® 41 116.32 81.44 98.42 134.21 0 394.6
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Table 2: Multiple comparison between the average rates of TB in different climate conditions in K(huzestan Prov-
ince between 2005-2012

Climate conditions(I) Climate Mean 95% CI P-value*
conditions(]) Differences
-] Lower Higher

Extra Day Dry 22.1 -51.66 95.87 0.918

Dry &extra Dry 18.82 -69.35 106.99 0.975

Dry & Semiarid 35.29 -52.88 123.46 0.797

Humid & Mediterranean 93.21 10. 73 175.69 0.019

Dry extra Day -22.1 -95.87 51.66 0.918
Dry &extra Dry -3.28 -77.05 70.48 1

Dry & Semiarid 13.18 -60.58 86.95 0.987

Humid & Mediterranean 711 4.24 137.96 0.031

Dry &extra Dry extra Day -18.82 -106.99 69.35 0.975
Dry 3.28 -70.48 77.05 1

Dry & Semiarid 16.46 -71.7 104.64 0.985

Humid & Mediterranean 74.39 -8.08 156.86 0.097

Dry & Semiarid extra Day -35.29 -123.46 52.88 0.797

Dzy -13.18 -86.95 60.58 0.987

Dry &extra Dry -16.46 -104.64 71.7 0.985

Humid & Meditetrranean 57.92 -24.55 140.39 0.294

Humid & Mediterranean extra Day -93.21 -175.69 -10.73 0.019

Dry -71.1 -137.96 -4.24 0.031

Dry &extra Dry -74.39 -156.86 8.08 0.097

Dry & Semiarid -57.92 -140.39 24.55 0.294

*ANOVA- Tukey HSD (TB incidence rate & climate conditions)

The Eta correlation coefficient was 0.379.The
highest TB incidence rate (301-400 cases per
100,000) was found in regions with the annual rain
average of 251-500 mm and the lowest TB inci-
dence rate (0-100 cases per 100,000) was related to
regions with the annual rain average of more than
1000 mm (Fig. 5).

There was a versus relationship between the an-
nual rain average and the TB cumulative incidence
rate by display of Scatter plot, so that when the
average of annual rain rate increases the TB cumu-
lative incidence rate decreases (R*=0.209), the cor-
relation coefficient between these two variable
was — 0.457 and this result was statistically signifi-
cant (P= 0.001). The analysis shows that there is a
statistically significant relationship between inci-
dence rate of TB and the average of annual rain

(P= 0.0001) (Table 3).
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Fig. 5: TB incidence rate display according to various
rainfall rates in Khuzestan Province between 2005-2012
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Table 3: Relationship between the average of annual rain and TB incidence rate in Khuzestan Province between

2005-2012
Variables Un standardized  Standardized Co- 95% CI P-value*
Coefficients efficient

Lower Upper

bound bound
TB incidence rate 181.118 134.11 228.12 0.0001
(Dependent variable)
Average of annual rain -0.184 -0.457 -0.299 -0.068 0.003

(independent variable)

* Linear Regression

Discussion

Based on census of 2011, Khuzestan province is
the 5" populated province of Iran (18). Due to
various ports existence and high transactions, Ar-
vand Free Zone, numerous oil fields and refineries
and the border with Iraq, the province has be-
come to an area with high rate of immigration. It
can transmit diseases such as TB infection more
effectively. Khuzestan Province is one of the few
provinces with diverse climate and environmental
conditions. Therefore, we can investigate all envi-
ronmental parameters affecting the transmission
and prevalence of a disease.

No study has been conducted with the aim of TB
assessment using GIS in Iran so far, current study
is the first study in Iran with mentioned objective.
In most studies in other countries, topic of model-
ing and calculating expected TB cases and com-
paring with observed cases is considered. A study
(19) evaluated the effect of geographic and envi-
ronmental parameters on TB incidence and
speared of it. This study will be the basis for ac-
complishment of more precise and widespread
studies in this field.

In some vector-borne diseases such as malaria,
environmental portion is one of the most im-
portant determinants for disease transmission.
Environmental impact is weak in non-
communicable diseases. Whetreas some communi-
cable diseases like TB and HIV, have very strong
relation with environmental factors (3). In Cha-
harmahal and Bakhtiati Province with the aim of
locative distribution of Multiple Sclerosis (MS),
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the range of sectors in province was considered
for disease mapping and incidence rate of MS was
calculated after adding the number of disease and
population of various parts to tables of the map
(20) that was in accordance with our study.

The TB incidence rate was different in various
regions of the study. The TB cumulative incidence
rate was 301-400 per 100,000 people in Aghajari
county in Behbahan township and the central part
of Mahshahr, Andimeshk towns and the central
part of Abadan had the TB cumulative incidence
rate of 201-300 per 100,000. The cumulative inci-
dence rate in central and western parts of the
province was medium (101-200 cases per 100,000)
and northern & eastern parts of the province had
the least rate of cumulative incidence (less than
100 cases per 100,000). In Mexico (6) and Texas
State (21), TB incidence rate in urban regions was
more than rural areas that is consistent with our
results. Since TB is a communicable disease, it
seems that respiratory transmission is one of the
causes of high incidence in urban region than rural
region with high population.

The greatest TB incidence rate was in extra dry
regions (150.51 cases per 100,000) and the lowest
rate observed in Humid and Mediterranean cli-
mates (57.3 cases per 100,000). The cumulative
incidence rate in dry, dry & extra dry and semiarid
was 128.4, 139.69 and 115.22 cases per 100,000,
respectively. This difference was statistically sig-
nificant (P= 0.017). As mentioned, the incidence
rate in dry and extra dry areas with intense sun-
shine was greater than other Humid and moderate
areas and it was statistically significant. The Eta
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was 0.379 between climate conditions and TB in-
cidence rate. In Birmingham, a significant relation
between sunny daytime and the intensity of sun-
light and incidence of TB was reported (22), Our
results are consist with other studies, likely long-
term exposure to sun light and dry air reduce pro-
duction of mucous fluid and predispose respirato-
ry system to growth Mycobacterinm. However, since
acid-fast bacilli is sensitive to UV light, it seems
that high TB incidence in dry regions with low
rainfall is related to other variables specially de-
mographic variables that were not evaluated in
this study, thus other studies is required to assess
it in different population with different climate.

In concordance with our results, in previous stud-
ies, (6, 21), TB spread based on specific spatial
patterns and transmission and spread probability
of TB in some regions was more than other areas.

Study limitations

Since, it was an ecological study so we cannot
generalize foundlings on individuals. The effects
of some demographic variables such as age, gen-
der, occupation and socio-economy status on TB
incidence are proved; thus conducting wide and
other studies with simultaneous considering of
environmental parameters and demographic varia-
bles in different areas to lighten correlation of en-
vironmental parameters and TB incidence pre-
cisely is necessary.

Conclusion

TB incidence in Khuzestan has close relationship
with environmental conditions specially climate
and annual rainfall. Extra dry climate and the an-
nual rainfall less than 250 mm was the most im-
portant risk factor of TB. Thus to control of TB
in regions with high risk of disease and to identify
other risk factors, conducting cohort studies is
recommended.
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