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The association between internal migration ®
and pulmonary tuberculosis in China,
2005-2015: a spatial analysis
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Abstract

Background: Internal migration places individuals at high risk of contracting tuberculosis (TB). However, thgre is a
scarcity of national-level spatial analyses regarding the association between TB and internal migration in China. In
our research, we aimed to explore the spatial variation in cases of sputum smear-positive pulmonary TB (SS + PTB)
in China; and the associations between SS + PTB, internal migration, socioeconomic factors, and demographic
factors in the country between 2005 and 2015.

Methods: Reported cases of SS + PTB were obtained from the national PTB surveillance system database;| cases
were obtained at the provincial level. Internal migration data were extracted from the national population sgmpling
survey and the census. Spatial autocorrelations were explored using the globas statestic and local indicators
of spatial association. The spatial temporal analysis was performed using 'Kusibdor&tatistic. Fixed effects
regression was used to explore the association between SS + PTB and internal migration.

Results:A total of 4 708 563 SS + PTB cases were reported in China between 2005 and 2015, of which 3376 011
(71.7%) were male and 1332 552 (28.3%) were female. There was a trend towards decreasing rates of S§+PTB
notifications between 2005 and 2015. The result of global spatial autocorrelation indicated that there were
significant spatial correlations between SS + PTB rate and internal migration each yea®{30)0Spatial
clustering of SS + PTB cases was mainly located in central and southern China and overlapped with the clyisters of
emigration. The proportions of emigrants and immigrants were significantly associated with SS + PTB. Per fapita
GDP and education level were negatively associated with SS + PTB. The internal migration flow maps indigated that
migrants preferred neighboring provinces, with most migrating for work or business.

Conclusions:This study found a significant spatial autocorrelation between SS + PTB and internal migration, Both
emigration and immigration were statistically associated with SS + PTB, and the association with emigration was
stronger than that for immigration. Further, we found that SS + PTB clusters overlapped with emigration clusters,
and the internal migration flow maps suggested that migrants from SS + PTB clusters may influence the TH
epidemic characteristics of neighboring provinces. These findings can help stakeholders to implement effegtive PTB
control strategies for areas at high risk of PTB and those with high rates of internal migrants.
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Background

Over the past two decades, despite considerable effort di-
rected towards tuberculosis (TB) prevention and control,
China has continued to experience one of the most signifi-
cant TB endemics worldwide, with an estimated annual in-
cidence of 67 per 100 000 population in 2015 [1]. In China,
among the class A and B infectious diseases, TB has one of
the highest notification rates and is a leading cause of death
and poverty [2, 3]. The prevalence of TB slowly decreased
between 2000 and 2010 [4]. However, due to population
growth, the overall number of TB cases continues to in-
crease and there are differences in prevalence between the
east, central, and western regions of China [5].

With global economic development, migration flows
have become increasingly intense; these play an important
role in TB epidemiology, especially in China. With the re-
form of the household register system (hukou system), the
number of internal migrants within China is growing rap-
idly [6]. In 2015, there were an estimated 247 million in-
ternal migrants in China (18% of the total population),
and the growth trends are likely to continue [7]. Most in-
ternal migrants in China have traveled from rural areas to
prosperous economic regions to pursue higher incomes
and better lifestyle opportunities [8, 9]. Compared with
permanent residents, internal migrants face substantial
problems in accessing medical care, insurance, and social
security [10]. According to previous studies, migrants are
more vulnerable due to low income, poor working and liv-
ing conditions, less education, and poor awareness of
health protection [11-13]. Therefore, internal migration
poses a challenge for TB control and prevention in China.

Spatial and spatiotemporal analysis of TB notification
cases could provide crucial epidemiological information
to guide interventions. In recent years, the geographical
information system (GIS) and spatial statistics were used
to detect the spatial characteristics of TB in China [14—
18]. Several studies have demonstrated that TB is not
randomly distributed. Furthermore, significant differ-
ences in cluster patterns were found between local resi-
dents and migrants, indicating that migrants may have
been infected before their arrival [19, 20]. However, few
studies have simultaneously focused on the spatial and
spatiotemporal cluster patterns of TB, and the associ-
ation between TB and internal migration in China.

This study aims to investigate trends in spatial clusters
of sputum smear-positive pulmonary TB (SS + PTB) in-
cidence between 2005 and 2015. Additionally, this study
aims to identify the spatial distribution of internal migra-
tion flows and to evaluate the relationship between SS +
PTB and internal migration at the provincial level. We
hope that this study can contribute to informing effect-
ive medical resource allocation, guide the design of in-
ternal migration interventions, and identify factors
underlying the spread of SS + PTB in high-risk areas.
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Methodology

Data collection

Provincial incidence of notified SS+ PTB cases was ob-
tained from the national, web-based Notifiable Infectious
Diseases Reporting Information System (NIDRIS), which
includes sputum smear-positive, sputum smear-negative,
sputum not done, and sputum culture-positive PTB data.
Due to its high risk of transmission among the population,
SS + PTB is of greatest concern; therefore, we focused on
SS+ PTB cases from 2005 to 2015 within China. Hong
Kong, Macau, and Taiwan of China were not included in
our analysis because of data accessibility. The classification
of Eastern areas, Central areas and Western areas is based
on the standard of the National Statistics Bureau.

The internal migration data were extracted from the
national population sampling surveys in 2005 and 2015
(these surveys were conducted nation-wide and covered
16.99 million people (1.325% of the total population)
and 21.31 million people (1.55% of the total population),
respectively) and from the census in 2010. In the current
study, internal migration was defined as a move from
one province to another province within China. Internal
migration was divided into emigration and immigration.
We then calculated the proportion of emigrants (POE)
and immigrants (POI) in the total population for each
province. Other variables included gross domestic prod-
uct (GDP) per capita (RMB 10 000; PCGDP), the pro-
portion of people in the population with a college degree
or higher (EDU), human immunodeficiency virus (HIV)
incidence rate, urbanization rate (UR), and population
density (persons per square kilometers; PD). Detailed in-
formation for these variables is shown in Tables 1 and 2.

Spatial autocorrelation analysis

Global Moran’s [ is a measure of spatial autocorrelation
developed by Moran [21]. It is widely used in public
health to investigate spatial clusters of infectious diseases
[22, 23]. We calculated global Moran’s I statistics in
GeoDa (version 1.6.7, GeoDa Center for Geospatial Ana-
lysis and Computation, Arizona State University, AZ,
USA) in order to examine the spatial autocorrelations of
SS + PTB, POE, and POI in the study area. The equation
for Moran’s I statistic is:

L D1 2 Wi (%i%) (%))
So S (i-%)°

where 7 is the number of spatial units, x; or x; is the inci-
dence of SS+PTB and the proportion of emigration or
immigration in province i or j, w; is a matrix of spatial
weight between province i and j, and S is the sum of all
wij: So = > i1 ;1Wij. The value of Moran’s I usually
ranges from -1 to 1, with positive values indicating a
positive association and negative values indicating a

(1)
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Table 1 Specification of the variables
Variable Definition of variable Data source Period
SS+PTB Notification rate of SS + PTB National Notifiable Infectious Diseases 20052015
HIV Human Immunodeficiency Virus incidence rate Reporting Information System
POE The proportion of emigrant in total population national population sampling survey and census 2005, 2010, 2015
for each province
POI The proportion of immigrant in total population
for each province
PCGDP GDP per capita (RMB 10 000) China Statistical Yearbook —2018005
EDU The proportion of people with a college degree
or above in total population
UR Urbanization rate
PD Population density (persons per square kilometers)

TBTuberculosisSS + PTBputum smear-positive pulmonary TBOBEProportion of emigrants,POIProportion of immigrants,PCGDRSross domestic product per
capita, EDUCollege degree or higherHIVHuman immunodeficiency virusURUrbanization rate PDPopulation density

negative association. A value approaching -1 or 1 indi-
cates a stronger association. The Z-statistic is used to test
the significance of Moran’s I: Z=1- E[I]/STD[I], where
E[ll= -1/(n-1), STD = E[*] - E[1)*.

The spatial relationships among the provinces were char-
acterized by the spatial weight matrix. In our study, a first-
order queen continuity weights matrix, which defines neigh-
bors as those with either a shared border or vertex, was used
for spatial weights. A queen weights matrix was constructed
in GeoDa using the province level polygon-shaped file.

Global Moran’s I reveals the overall relationship of all
the research units in the area. Local Moran’s [ is a
method to explore the local spatial distribution charac-
teristics [24]. In this study, local Moran’s I was used to
describe the local spatial autocorrelation; it is an indica-
tion of the extent of significant spatial clustering of simi-
lar values. The sum of local Moran’s [ is proportional to
global Moran’s I. The following equation was used to
calculate the local Moran’s [ statistic:

E:”uxf
)2
—g (x;-%)" =1

(x, -X)

()

proportion of emigrants or immigrants in province i or j,
and w;; is a matrix of spatial weight between province i
and j. Like global Moran’s I, the value of local Moran’s I
also ranges from -1 to 1, with a positive value indicating
clustering of similar values and a negative value indicat-
ing the opposite. In this study, the local Moran’s I was
used to make the LISA clusters maps. The cluster maps
were presented in ArcGIS (version 10.2, ESRI Inc., Red-
lands, CA, USA).

Analysis of spatial variation in temporal trends

The spatial variation in temporal trends was based on
Kulldorff’s scan statistics, which are used for the identifi-
cation of areas with exceptionally different temporal
trends [25]. This method assumes that the average an-
nual percentage change of SS + PTB within the scanning
window is the same as that outside the window. A circu-
lar window is imposed on each location in turn; then, a
number of circular windows that are flexible in both size
and location are constructed. For each window, a likeli-
hood is calculated, and the most likely cluster is defined
as the window with the maximum likelihood, that is, the
cluster least likely to be due to chance. Under the null
hypothesis, the P-value is obtained from Monte Carlo

where 7z is the number of spatial units, x; or «; is the  hypothesis testing. In this study, the Poisson probability
Table 2 Descriptive statistics of independent variables

Variable Mean Standard deviation Min Max
Proportion of emigrants (%) 5.20 3.56 1.03 14.01
Proportion of immigrants (%) 6.67 9.06 0.3 39.53
GDP per capita(10 000 RMB) 3.42 2.33 0.51

Incidence of HIV (per 100 000) 3.8 453 0.04

Urbanization level (%) 51.03 15 22.67 89.3
Education level (%) 10.21 6.4 0.89 42.34
Population density (per square kilometer) 446.17 760.61 2.3

GDPGross domestic productHlVHuman immunodeficiency virusRMBRenminbi

10.8
18.95

5663.19
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model was used, in which the number of cases in each
location is under a Poisson distribution. The maximum
number of replications for the Monte Carlo simulation
was set to 999, and P< 0.05 was considered to be statis-
tically significant [26].

It is reported that only 12% of immune-sensitized indi-
viduals actually develop clinical symptoms of TB, and
the total number of PTB notification cases in China was
approximately 11 million between 2005 and 2015 [27].
Therefore, this suggests that 100 million (8% of the total
population in China) people in this time may have been
sensitized and were at risk of developing TB. Many stud-
ies utilizing spatial temporal mapping suggest that the
main guideline for selecting an optimal scanning window
is reducing the overlapping areas, or that a single cluster
should make up no more than 15% of the whole study
area [28, 29]. Moreover, previous research in China at
the prefecture level found that 11% was the optimal par-
ameter for spatial cluster sizes, so we analyzed the notifi-
cation rate of SS + PTB setting the maximum sizes from
8 to 11% of the total population at risk by increments of
1% [18]. When the maximum size is set at 8 to 11%,
there are fewer overlaps, and the biggest cluster covered
no more than 15% of all the provinces. As such, we
choose 8% as the maximum spatial cluster size. The
spatial variation in temporal trends of SS + PTB was ex-
amined using SaTScan (version 9.4.2, Kulldorff and In-
formation Management Services, Inc., Boston, USA).

Panel data analysis

A fixed-effects model was used to estimate the effects of
internal migration, demographic factors, and socio-
economic factors on SS+ PTB incidence. The internal
migration factors included emigrants and immigrants.
Emigrant refers to those people who left their household
registration place for more than half a year. Immigrant
refers to those people who were settled in the current
resident area for more than half a year.

We used GDP per capita (RMB 10 000), population
density, education level, and urbanization level to reflect
the social-economic situation. GDP represents the level
of economic development of a region. Education and
urbanization level can indirectly affect SS+PTB inci-
dence via the effects of income or health education on
TB prevention [30, 31]. The natural logarithm of each
variable was used in the construction of the model. The
basic descriptive statistics for these variables are pre-
sented in Table 2. Due to internal migration data acces-
sibility, only three years (2005, 2010, and 2015) were
included in the model. The model can be expressed as:

Yii= +Xir + s (3)

where Y; ; is the incidence of SS-PTB, i and ¢ are the
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province and year, respectively, is the intercept term,
X; . is a vector of independent variables, is the coeffi-
cients of the independent variables, and ; ; is the error
term. The descriptive analysis and the fixed effects
model were performed in Stata (version 12.0; StataCorp,
TX, USA).

Results

Descriptive analysis of SS + PTB cases

A total of 4708563 SS+PTB cases were reported in
China between 2005 and 2015, of which 3376011
(71.7%) were male and 1332552 (28.3%) were female.
The number of male cases was twice that of female
cases. The notification rates of SS + PTB decreased from
41.90 cases per 100000 population in 2005 to 17.93
cases per 100000 population in 2015, with an annual
average rate of 29.84 per 100000 population. In
addition, a significant proportion of the SS + PTB infec-
tions were aged > 60 years old (around 30%) and 45 to
60 years old (around 26%). Among the reported cases,
around two-thirds were peasants; the percentage of SS +
PTB cases that were classified as a householder or un-
employed increased over the years of the study (see
Table 3).

Figure 1 shows the spatial distribution of the annual
average notification rate of SS+ PTB, and the propor-
tions of internal emigrants and immigrants in China at
the provincial level from 2005 to 2015. There were obvi-
ous spatial variations in the annual average notification
rate of SS+ PTB, with rates ranging from 9.87 to 54.48
per 100000 population. The highest SS + PTB notifica-
tion rates were found in the provinces of Xinjiang, Qing-
hai, Hubei, Jiangxi, and Hainan, primarily in the
northwest, southeast, and south of China.

Anhui (14.01%), Jiangxi (11.69%) provinces and
Chongqing (10.62%) Municipality had the highest levels
of internal emigrants. Further, provinces in the Central
South had higher levels of emigrants (around 9.25% for
each province). Provinces with the highest levels of in-
ternal immigrants were located in the eastern regions,
such as in Beijing (31.15%), Tianjin (19.6%), Shanghai
(34.86%), Zhejiang (18.51%), and Guangdong (20.19%)
provinces. Provinces with lower levels of immigrants
were also located in southeast areas close to Guangdong
or Zhejiang. Interestingly, those provinces also had lower
levels of internal emigrants.

Global and local spatial autocorrelation

The global Moran’s I statistics showed positive spatial
autocorrelations in SS + PTB in China each year (as pre-
sented in Table 4). Further, there was an increasing
trend in global Moran’s I, which can be divided into
three periods: 2005-2007, 2008—2009, and 2010-2015.
The highest spatial autocorrelations were observed in
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Table 3 The demographic characteristics of SS + PTB cases in China from 2005 to 2015

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Gender
Male 384688 313534 308354 315401 344360 328155 289079 500574 221248 194846 175772
(70.63) (70.78) (71.54) (71.89) (71.69) (71.86) (72.30) (72.23) (72.09) (72.14) (71.94)
Female 160001 129416 122640 123313 136016 128522 110744 192412 85662 75255 68571
(29.37) (29.22) (28.46) (28.11) (28.31) (28.14) (27.70) (27.77) (27.91) (27.86) (28.06)
Age
0-15year 3850 2374 1915 1675 2045 1986 1604 1309 1059 933 (0.35) 893 (0.37)
(0.71) (0.54) (0.44) (0.38) (0.43) (0.43) (0.47) (0.38) (0.35)
15-30year 123338 108044 102315 104391 109913 105017 92617 74868 65097 54807 47009
(22.64) (24.39) (23.74) (23.79) (22.88) (23.00) (27.25) (21.61) (21.21) (20.29) (19.24)
3045 year 139311 112978 105667 104351 110715 103156 87885 72674 62546 52179 44312
(25.58) (25.51) (24.52) (23.79) (23.05) (22.59) (25.86) (20.97) (20.38) (19.32) (18.14)
4560 year 129020 101314 101757 106326 120887 116542 104238 91130 81904 73211 66616
(23.69) (22.87) (23.61) (24.24) (25.17) (25.52) (30.67) (26.30) (26.69) (27.11) (27.26)
> 60 year 149170 118240 119340 121971 136816 129976 113479 106512 96304 88971 85513
(27.39) (26.69) (27.69) (27.80) (28.48) (28.46) (33.39) (30.74) (31.38) (32.94) (35.00)
Occupation
Peasant 380941 302698 293401 298951 325036 306056 268045 230940 203042 179052 158472
(69.94) (68.34) (68.08) (68.14) (67.66) (67.02) (67.04) (66.65) (66.16) (66.29) (64.86)
Worker 29245 25370 24669 25540 28556 28013 21020 16859 13959 10363 9616
(5.37) (5.73) (5.72) (5.82) (5.94) (6.13) (5.26) (4.87) (4.55) (3.84) (3.94)
Householder 27154 23876 24300 25972 29809 30352 30734 29249 32112 34001 32508
unemployed (4.98) (5.39) (5.64) (5.92) (6.21) (6.65) (7.69) (8.44) (10.46) (12.59) (13.30)
Student 24877 20413 18080 17274 17 698 14 804 11561 9066 7673 6627 5861
(4.57) (4.61) (4.19) (3.94) (3.68) (3.24) (2.89) (2.62) (2.50) (2.45) (2.40)
Migrant worker 16887 16018 17080 17197 18312 18872 12206 8912 6209 3844 3447
(3.1) (3.62) (3.96) (3.92) (3.81) (4.13) (3.05) (2.57) (2.02) (1.42) (1.41)
Retiree 15066 12575 12865 12730 14858 14717 13707 13039 13483 13560 13811
(2.77) (2.84) (2.98) (2.90) (3.09) (3.22) (3.43) (3.76) (4.39) (5.02) (5.65)
Others 50519 42000 40599 41050 46107 43863 42550 38428 30432 22654 20628
(9.27) (9.48) (9.42) (9.36) (9.60) (9.60) (10.4) (11.09) (9.92) (8.39) (8.44)

SS + PTBputum smear-positive pulmonary TB

2011-2015, ranging from 0.319 to 0.388. Furthermore,
the proportion of internal emigrants and immigrants
also exhibited significant positive spatial autocorrelations
each year (see Table 5).

Figure 2 shows the local Moran’s [ statistics. We observed
the stability of spatial clusters each year during the study
period, and the clusters were stable within most provinces.
Provinces such as Shaanxi, Henan, Chongqing, Guizhou,
Inner Mongolia, and Hubei (mostly located in central
China) showed a low-low type of relationship, indicating
that these provinces had a low proportion of internal immi-
grants and that the surrounding provinces also had low
proportions of immigrants. Jiangsu Province, which is lo-
cated on the southeast coast of China, had a high-high type
of relationship, meaning that a high proportion of immi-
grants were found in Jiangsu and that the surrounding
provinces also had high proportions of immigrants. Chong-
qing, Guizhou, Hunan, and Hubei exhibited high-high types
of relationships for the proportion of internal emigrants.

On the other hand, Hebei Province exhibited a low-low re-
lationship and Guangdong a low-high relationship.

Spatial variation in temporal trends

From 2005 to 2015, there was a 6.96% annual average
decrease in the notification rate of SS + PTB. We identi-
fied one most likely cluster and ten secondary clusters;
two provinces/municipalities showed increasing annual
trends; and nine provinces showed a slower decreasing
annual trend compared to the outside time trend
(Table 6). Guizhou and Beijing showed increasing an-
nual average trends of 0.207 and 0.222%, respectively.
Guangdong, Hunan, Jiangxi, Zhejiang, Liaoning, Qing-
hai, Hainan, Guangxi, Xizang, and Hubei showed de-
creasing annual average trends of 3.098, 3.256, 2.734,
3.581, 4.286, 4.082, 6.037, 4.358, and 6.483%, respect-
ively. Figure 3 showed the spatial distribution of the
most likely and secondary clusters. Most clusters were
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Fig. 1 The annual average natification rate of SS + PTB and the proportion of emigrants/immigrants at province level in GR®E5.2005
illustrates the notification rate of SS + R&nd c illustrate the proportion of immigrants and emigrants, respectively. TB: Tuberculosis; S+ PTB:
Sputum smear-positive pulmonary TB

located in central and southern provinces of China; al-
though Qinghai and Tibet are in west China, while

Beijing and Liaoning are in northeast China.

Table 4 Globe Morais | statistics of SS +PTB in China, 2005

The association between internal migration and SS + PTB
Three fixed-effect models were examined: one with the

proportion of internal emigrants (model 1), one with the
proportion of internal immigrants (model 2), and another

with both the proportion of internal emigrants and the

2015 proportion of internal immigrants (model 3); panel regres-
Year Moraks | Zscore Pvalue sion results are presented in Table 7. The results showed
2005 0.169 1.8647 < 0.05 that the proportion of emigrants and immigrants, per
2006 0.162 1.7098 < 0.05 C@pita GDP, and the urbanization rate were found to be
2007 0.199 1.8638 < 0.05
2008 0.143 1.4661 < 0.1 Table 5 Globe Morais | statistics of emigrant and immigrant in
2009 0.233 23021 < 0.05 China, 2005, 2010 and 2015
2010 0.243 23196 <005 Year Variable Morath Zscore Pvalue

2005 emigrant 0.300 2.9534 < 0.05
2011 0.319 3.1137 < 0.05

2005 immigrant 0.267 2.7822 < 0.05
2012 0.335 3.1257 < 0.05

2010 emigrant 0.281 2.6835 < 0.01
2013 0.388 3.6656 < 0.05

2010 immigrant 0.326 3.3589 < 0.01
2014 0.387 3.5191 < 0.05

2015 emigrant 0.288 2.7005 < 0.05
2015 0.384 3.6449 < 0.05

2015 immigrant 0.333 3.5324 < 0.01

SS + PTBputum smear-positive pulmonary tuberculosis




