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SUMMARY

SETTING AND OBJECTIVE:

Several studies have found significant association between tuberculosis (TB) and spatial
factors. The present study aimed to determine the effect of the host related factors and
spatial factors associated with increased risk of TB, and to assess spatial clustering.
DESIGN:

A hospital-based case-control study using medical records was conducted. In total, 103 TB
patients as a case were collected and 299 patients without TB as a control in which age and
sex were matched with each case sampled from January 2000 to December 2016 at the
targeted hospital in Nagata, Kobe, Japan. Logistic regression, kernel density estimation,
Cross-L function and Poisson regression model were applied.

RESULTS:

Epidemiological factors associated with TB were healthcare workers (OR: 10.1) and lower
serum albumin levels (OR: 0.5). Spatial analyses found that TB was positively associated
with population density (RR: 32.1), the proportion of single households (RR: -1.85) and
person 65 years of age and higher (RR: 2.65), and one spatial clustering.

CONCLUSION:

These findings could identify high-risk individuals and districts for TB. TB control
combined with spatial analysis provided useful information for the assessment of the

important factors.



Tuberculosis (TB) is an airborne infectious disease caused by Mycobacterium tuberculosis.
In Japan which is one of the middle-burden countries, 17625 new TB cases and 1889 TB
deaths were reported in 2016*. Although the number of TB patients has been reduced because
of recent advances in TB control measures, the incidence of TB is higher compared to other
developed countries and thus TB is still public health threat. Therefore, more certainly TB
control measures to prevent TB infection and/or onset are critical.

In the past decades, risk factors for TB have been suggested by statistical methods, which
were socio-demographic factors (e.g. age, sex and occupation), environmental factors (e.g.
indoor air pollution) and clinical characteristics (e.g. smoking, alcohol, HIV infection and
diabetes).234°

Recently, several studies have found significant association between TB and spatial
factors.®"89 However, most studies investigating risk factors for TB have separately
analyzed epidemiological and spatial factors using different designs, which made it
impossible to assess their respective effects by controlling the effects of the other factors.
By using geographic information system (GIS), it may be helpful to identify the
geographical patterns and potential risk factors. Identification of area where TB is
concentrated would allow the intensive intervention to such area, which may be highly
efficient and feasible for sustainable management. In addition, this is particularly important
in low and middle burden countries committed to TB elimination.

We aimed to simultaneously evaluate the epidemiological factors and spatial factors
associated with increased risk of TB using the combination of statistical and spatial
analysis. We also aimed to identify possible areas of concentrations of TB using hotspot

analysis with GIS.



METHODS

Study design and participants

We carried out a retrospective hospital-based case-control study of TB patients and
matched controls using medical records in Nagata, Kobe, Japan (Figure 1). The study was
designed for a 1:3 case-control ratio. Kobe city where is one of the most populous cities in
Japan. It has nine administrative wards, including Nagata (11.36km?), which has
approximately 97,912 inhabitants, 31,825 (32.9%) of whom are aged 65 years of age and
higher residents®. TB incidence in Nagata was 31.9 per 100,000 population in 2016, which
was higher than national average (13.9)*.

Participants were recruited from January 2000 to December 2016 at Kobe Kyodo Hospital
in Nagata (hereafter referred as the target hospital). A total of 103 cases were diagnosed
with any type of TB (detailed criteria are described below) during the study period. A total
of 299 controls were sampled from patients without TB who visited the hospital. We
matched the patients without TB by age within 10 years and sex with the case, then
randomly sampled 3 controls for each case.

TB diagnosis was based on clinical findings ascertained by physicians using the same
criteria from medical records with either a positive Mycobacterium tuberculosis culture,
characteristic chest X-ray abnormalities, a positive Mantoux or QuantiFERON®-TB Gold
Test or positive history.

We attempted to minimize selection bias by using random sampling after matching the
controls with the cases. We considered potential confounders and addressed confounding
by age and sex through matching. We conducted initial descriptive analysis of the cases and
the controls to identify potential associated factors.

Statistical analysis



Individual records with missing data were included and excluded pairwise in each analysis:
In the worst case, slightly less than 50% variables were missing. R version 3.4.3'! was used
for all statistical analyses. A multivariate logistic regression analysis was conducted to
explore the effects of explanatory variables on TB. Medical history was not included
because the frequency of distribution of medical history was very similar between the cases
and controls: Polychoric correlation coefficient between the distributions was greater than
0.9. The selection of explanatory variables in the final model was based on results of the
following analysis: Univariate correlation coefficients with p values less than 0.1,
collinearity matrix index with less than 0.7, variance inflation factor with less than 10 and
biological relevance, then determined by stepwise selection. Model fit to the data was
assessed by Nagelkerke’s R squared and Akaike’s Information Criterion (AIC).

Spatial analysis

2017 Japanese population census data in a polygon shapefile for each census tract for Kobe
was obtained from e-Stat: the portal site of Japanese Government Statistics (Statistics
Bureau, Ministry of Internal Affairs and Communications, Japan)*°. The dependent variable
was the number of TB patients in each polygon and variables were also polygon level data
including population density, proportion of males, proportion of employee, proportion of
single households (for households with single person), proportion of 65 years of age or
higher which were created by edging the Population census'® and the distance from the
target hospital in meters as a linear distance matrix between each polygon. An exploratory
analysis of spatial patterns in the data was used to visualize TB distribution. The population
density of each polygon was calculated by dividing the total population in each polygon by
the corresponding area in square kilometers. The proportion of males, employees, private

households and 65 years of age and higher were calculated by dividing the total number of



each variable by the total population of each polygon. These calculations were performed
using the QGIS version 2.18.9%2,

We conducted kernel density estimation (KDE)*? to identify the geographic hotspots of
TB patients in the hospital and generated the KDE maps with a coverage radius of 1 km
using QGIS.

All study participant postcodes were geocoded by tree-maps'. For spatial independency
between the locations of the cases and the controls, we conducted the Cross-L function
which can evaluate the dependency of two-point patterns. We also used the Diggle-Cressie-
Loosmore-Ford (DCLF) test'® for the statistical significance of the Cross-L function each
with 99 Monte Carlo simulations.

Integrated analysis

We applied Poisson regression model*®17 to explore the effects of spatial patterns and to
measure spatial heterogeneity in the effects of predictor variables of sociogeographic
characteristics because the dependent variable was the number of TB cases in each
polygon, which was a count variable and met the rare disease condition. All significant
variables were tested for multicollinearity, which were the variables with VIF with less than
10. In addition, biological relevance was considered in the selection of the explanatory
variables in the final model, followed by stepwise selection. Model fit to the data was
evaluated using AIC, and the ratio of residual deviance in degrees of freedom.

Ethical clearance

Due to the study design and pseudonymous data, the rights and privacy of the subjects are
protected. The study protocol was approved by the ethics review boards of Graduate School

of Health Sciences of Kobe University (574) and Kobe Kyodo Hospital (2016-001).



RESULTS

The 103 cases comprised 64 males and 39 females with an age range of 13-101 years. The
proportion of the cases of total number of TB patients in Nagata during this study was less
than 20% during the whole period (2000-2016), but about 30% since 2008 (Figure 2). The
299 controls were sampled, allowing matched by age and sex with the case (Figure 3).
Patients characteristics of all cases and controls are shown in Table 1. As for the
occupation, health workers (physicians, nurses and other healthcare workers) comprised
16.8% of the cases and 2.7% of the control. The proportions of persons with gastrectomy,
and HBV/HCYV infection among the cases were higher than the controls. Mean BMI, serum
albumin level and hemoglobin level were lower in the cases than in the controls.

Table 2 shows the results of the multivariate logistic regression. In the final model (not
including body mass index, dietary habit, drinking, family type, hemoglobin level, physical
activity, sleeping, smoking), being healthcare workers (OR: 10.10; 95%CI: 1.01, 101.0)
and serum albumin levels (OR: 0.50; 95%CI: 0.293, 0.841) were significantly associated
with TB.

Figure 1 shows the distribution of clustered TB patients calculated using KDE. One
geographical hotspot of the cases (black areas) surrounded by several moderately intensive
clusters were observed around the target hospital.

The Cross-L function indicated that the locations of cases and controls exhibited spatial
attraction as shown in Figure 4 and this was statistically significant (p=0.01), as confirmed
by the DCLF test of the Cross-L function. This result showed significant difference in the
spatial pattern between the locations of the cases and the controls.

The results of fitting Poisson regression model are given in Table 3. The incidence of TB

per population of each district was positively associated with population density (RR: 32.1;



95%Cl: 12.79,49.01), the proportion of single households (RR: -1.85; 95%Cl: -3.21, -0.53),
the proportion of person 65 years of age and higher (RR: 2.65; 95%CI: 0.1,4.2) and the
distance (RR: -0.00029; 95%CI: -0.00037, -0.00022). The reliability and the validity of the
regression model were adequate based on post-estimation statistics (Residual deviance:

606.81 on 2606 degrees of freedom; AIC: 755.48).

DISCUSSION

We found one geographical hotspot of the cases near the target hospital and several
significant risk factors for TB patients. Our results showed a lower serum albumin level,
healthcare worker, 65 years of age and higher, single household, high population density,
short-distance from the target hospital were associated with TB.

Spatial hotspots were found only in the cases as the results of KDE and the Cross L-
function. Nevertheless, these districts are higher population density and proportion of 65
years of age and higher than the other districts. The detection of TB clusters may mean that
TB in the elderly has become a problem. This is biologically plausible because many
elderly people who have been infected with TB when Japan was a high burden country,
with comorbid illness such as diabetes, immunosuppression due to age and malnutrition'®
may have resulted in a higher probability of developing TB. In Japan, approximately two-
third (71.6%) of TB cases occur in the elderly over 60 years of age and higher?, therefore,
the elderly is the largest influential risk groups, whereas in the United Kingdom and the
United States, the majority of TB cases are migrants and foreign-born people®®.

Previous studies showed that serum albumin level, high population density and healthcare
worker were associated with TB.2222 Those results may be due to malnutrition, higher

exposure to TB patients and overcrowding. However, those results could also be related to



any potential bias, such as selection bias. Healthcare workers who worked at the targeted
hospital are more likely to attend the targeted hospital for TB screening and treatment.
Furthermore, high population density could facilitate TB transmission. These factors could
may have led to overestimate the impact of the risk factors with increased risk of TB.
However, patients not suffering from TB as the controls would also be subject to the same
bias. Moreover, patients can voluntary select the hospital according to Japanese universal
health insurance coverage system. It was therefore noteworthy that high population density
and healthcare worker were associated with having TB. Two other factors, single
households and short-distance, have not been reported previously. Although the short-
distance from the targeted hospital seems to be due to the research design (TB patients
living in the far place may visit other hospitals), it is impressive that the factor with single
household was associated with reduced risk of TB. Few scholars have focused on the
household status of TB patients in Japan, but most studies have showed single households
to be associated with treatment failure?® and death due to TB;?* however, those studies did
not mention the risk of TB itself. Our finding on single households may have been due to
the absence of TB transmission from other household members. The non-single households
may have a higher transmission risk within the household due to poor ventilation and
indoor pollution. These findings suggest that current living and crowded condition are
associated with an increased risk of TB.

Multivariate logistic regression revealed that being healthcare workers and the serum
albumin level were significantly associated with TB. However, confidence intervals (Cls) on
healthcare workers were wide, and TB had the lowest prevalence in this study population, which
could lead to wide Cls due to the small number of studies. Besides, marital status as an explanatory

variable was included in the final model even though p value was not less than 0.1. This was a result



of stepwise selection. Although, studies with larger study populations are needed to evaluate the
impact of marital status and being healthcare workers in this population.

Our study has implications for future TB control measures. To prevent future TB cases,
we recommend targeted screening of the high-risk individuals who are 65 years of age and
higher, healthcare workers and those with a low serum albumin level in high-risk districts
with high population density and a low proportion of single household; we also suggest that
patients and healthcare workers are remained of appropriate cough etiquette and respiratory
hygiene?®. Furthermore, we recommend that TB control measures be linked with spatial
distribution of TB, and the risk assessment including sociodemographic factors should be
standardized for TB patients and household members. This strategy will enable better
understanding of the important factors associated with TB.

Our study had four main limitations. First, the study design was retrospective, so the effect
of missing data was unknown. Second, the serum albumin level may have been affected by
the inflammation of TB, and thus the relationship between serum albumin and TB may be
contrary. Third, our results reflect the experience of the target hospital and may not be
generalisable to other settings. Fourth, the postcode area may have limited our capacity to assess
the impact of spatial analysis on maternal outcomes. Despite these limitations, our study, based
on the patient’s socio-demographic and geographic information on associations between
TB and risk factors, can provide further insight into TB dynamics in the target population

and potentially contribute to planning effective TB control measures in other area of Japan.

CONCLUSION
The retrospective case-control study showed that high TB prevalence was related to

individuals who are 65 years of age and higher, being healthcare worker, having a low



serum albumin level, and living in the high-risk districts with high population density and a
low proportion of single household. Identification of high-risk individuals and districts may

improve planning for TB control measure.
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Table1l Background characteristics of 103 TB cases and 299 controls*

Cases Controls

Variable n=103 n=299
Age [mean] 61.4 [21.2] 62.1 [20.9]
Sex

Men 64 (62.1) 184 (61.5)

Female 39 (37.9) 115 (38.5)
Marital status

Married 66 (64.1) 114 (38.1)

Unmarried/Divorced/Widow 32 (31.1) 91 (30.4)

Missing data 5 (4.9) 94 (31.4)
Family type

Nuclear 27 (26.2) 44 (14.7)

Extended 70 (68.0) 166 (55.5)

Missing data 6 (5.8) 89 (29.8)
Occupation

Unemployed 52 (50.5) 165 (55.2)

Healthcare worker 17 (16.5) 8 (2.7)

Other worker 32 (31.1) 82 (27.4)

Missing data 2 (1.9 44 (14.7)
Drinking

No 52 (50.5) 101 (33.8)

Sometimes 15 (14.6) 27 (9.0)

Everyday 27 (26.2) 72 (24.0)

Missing data 9 (8.7) 99 (33.1)
Smoking

No 50 (48.5) 114 (38.1)

Past/Current 41 (39.8) 85 (28.4)

Missing data 12 (11.7) 100 (33.4)
Cancer

Yes 17 (16.5) 33 (11.0)

Missing data 0 42 (14.0)
Cardiac disease

Yes 7 (6.8) 27 (9.0)

Missing data 0 42 (14.0)
Cardiovascular disease

Yes 23 (22.3) 51 (17.1)

Missing data 0 42 (14.0)
Chronic kidney disease

Yes 5(4.9) 6 (2.0)

Missing data 0 42 (14.0)
Chronic respiratory disease

Yes 16 (15.5) 34 (11.4)

Missing data 0 42 (14.0)
Collagen vascular disease

Yes 1 (1.0) 1(0.3)

Missing data 0 42 (14.0)
Diabetes

Yes 23 (22.3) 45 (15.1)

Missing data 0 42 (14.0)
Gastrectomy

Yes 12 (11.7) 3(1.2)

Missing data 0 42 (14.0)
HBV/HCV infection

Yes 16 (15.5) 15 (5.8)

Missing data 0 41 (14.0)
HIV infection

Yes 0 0

Missing data 0 42 (14.0)
Bodv mass index [meanl? 20.7 [3.5] 22.1[4.3]

Missing data 27 (26.2) 145 (48.5)
Serum albumin(G/DL) [mean] 3.3[0.9] 3.9 [0.7]

Missing data 21 (20.4) 138 (46.2)
Hemoglobin(G/DL) [mean] 12.7 [2.1] 13.81 [5.6]

Missing data 0 92(30.8)

TB = tuberculosis; SD = standard deviation; HBV = hepatitis B
virus; HCV = hepatitis C virus; HIV = human immunodeficiency
virus.



Table2 Multivariate logistic regression model for the association of clinical

characteristics and socio-demographic variables with TB

Variable OR 95%Cl P value
Alb (G/DL) 0.50 0.293,0.841 0.009
Unmarried/Divorce/Widow 052  0.229,1.01 0.125
Healthcare worker 1010 1.01,101.0 0.049
Other worker 150 0.619,3.64 0.369

TB = tuberculosis; OR = odds ratio; Cl = confidence interval.



Table 3 Poisson regression model for the association of spatial patterns and socio-

geographic characteristics with TB

Variable Coefficient Cl P value
65 years of age or higher 2.65 0.1,4.2 0.001
Single households * -1.85 -3.21, -0.53 0.007
Distance from the target hospital ~ -0.00029  -0.00037, -0.00022 <0.001
Population density 32.19 12.79, 49.01 <0.001

*households with single person

TB = tuberculosis; Cl = confidence interval.



Figure legends

Figure 1. A) Map of study area, Nagata of Kobe city. B) Spatial distribution of clustered TB
patients in the targeted hospital. Kernel Density Estimation map was constructed based on
Geographically Information System data which were collected by medical records. QGIS

was used to create this figure. TB = tuberculosis.

Figure 2. Number of TB patients in Nagata and the targeted hospital by year, 2000-2016.

TB = tuberculosis.

Figure 3. Flow diagram for the enrollment of study participants in the matched case-control

study. TB = tuberculosis.

Figure 4. Cross-L function between the locations of cases and controls using R.
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Figure 1. A) Map of study area, Nagata of Kobe city. B) Spatial distribution of clustered TB
patients in the targeted hospital. Kernel Density Estimation map was constructed based on
Geographically Information System data which were collected by medical records. QGIS

was used to create this figure. TB = tuberculosis.
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Figure 3. Flow diagram for the enrollment of study participants in the matched case-control

study. TB = tuberculosis.
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