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Background: Keshan disease (KD) is strongly associated with selenium deficiency.

Selenoprotein P (SELENOP) is a recognized molecular biomarker of selenoproteins

and an important indicator of selenium nutrition. This study was aimed at providing

geographically precisely visualized evidence of selenium nutrition at molecular level for

assessing KD prevention, control, and elimination on the etiological perspective.

Methods: We used spatial ecological design for this study. The serum SELENOP levels

of the residents were measured by ELISA. ArcGIS version 9.0 was used for spatial

description, spatial autocorrelation analysis of SELENOP levels and spatial regression

with per capita disposable income.

Results: The mean serum SELENOP levels of the 6,382 residents in 1,688 counties

were 4.62 ± 1.82µg/mL. The mean serum SELENOP levels of the residents living in the

townships and rural areas of KD endemic counties were not statistically significantly lower

than those of the KD non-endemic counties. The mean serum SELENOP levels were

globally clustered (Moran’s I = 0.03, z = 6.37, and P < 0.0001), and 99.3% (553/557) of

the cold spots, identified by local autocorrelation analysis (Getis-Ord-Gi∗ analysis), were

located in the KD endemic provinces of Shaanxi, Shanxi, Henan, Hebei, Shandong, Inner

Mongolia, Gansu, Hubei, Chongqing, Yunnan, and Sichuan. The serum SELENOP level

was positively correlated with per capita disposable income (t = 3.52, P = 0.0004).

Conclusions: The results of this study were the geographically precisely visualized

evidence of selenium nutrition at molecular level for assessing KD elimination on the

etiological perspective. The cold spot counties found by Getis-Ord-Gi∗ analysis in the KD

endemic provinces should be the high priority of KD precision prevention and control.

Keywords: Keshan disease, selenoprotein P, spatial epidemiology, elimination assessment, precision prevention

and control

INTRODUCTION

Keshan disease (KD) is a primary endemic cardiomyopathy that only occurs in low-selenium areas
from the northeast to the southwest in mainland China (1–3). Although KD has been effectively
controlled in most endemic areas, new cases of chronic Keshan disease (CKD) and latent Keshan
disease (LKD) still exist in some endemic areas with poor economic conditions (4).
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The goals of national KD prevention and control programs are
elimination of Keshan disease (5, 6). In assessing the effectiveness
of KD prevention, control, and elimination, the incidence
or prevalence is the most important indicator. However, the
indicators of etiology or risks are better in terms of primary
prevention. The evidence of low selenium is the strongest in the
KD etiology. Observational epidemiological studies showed that
the KD endemic areas and the low selenium zone are overlapped,
and the external and internal environments of the residents in KD
endemic areas were selenium deficient (7–9). The interventional
studies showed that selenium supplementation can effectively
prevent the occurrence of acute and subacute KD (10–13).
Therefore, the selenium levels are important etiological evidence
for assessing the effectiveness of KD prevention, control, and
elimination. Selenium in the human body plays biological
roles in the form of selenoproteins (14–16). Selenoprotein P
(SELENOP), accounting for about 60% of plasma selenium,
is a secretory protein that contains multiple selenocysteine
residues per polypeptide which acts as the primary transporter
of selenium (17, 18). In selenium supplementation studies,
SELENOP concentration increased over a wider range of
selenium intakes than glutathione peroxidases (GPX3) (19, 20).
Moreover, the serum seleniumwas found to be linearly correlated
with SELENOP, but not with GPX3 activity (19). Thus, SELENOP
is a recognized molecular biomarker of selenoproteins and an
important indicator of selenium nutrition (21–23).

Spatial epidemiological study is mainly used to
comprehensively describe and analyze the characteristics
and clustering of diseases with geographic information system to
visualize the spatial distribution of diseases. The outputs of spatial
study are the evidence for prioritizing the keys of prevention and
control, and assessing the effectiveness of prevention and control
(24–26). Keshan disease is very suitable for spatial analysis
because of its endemicity. Although we reported a study of serum
SELENOP and KD at the provincial level (27), there has been
no report on nationwide county-level spatial epidemiological
study of serum SELENOP and KD in China. County-level
spatial study is small area study. The outcomes of small area
study are more reliable and geographically precise because of
its small size of spatial study units. We therefore conducted
this spatial epidemiological study of SELENOP and KD in
order to assess the effectiveness of KD prevention, control, and
elimination at county-level on the etiological aspects and provide
geographically precise and visualized evidence of selenium
nutrition at the molecular level for KD precision prevention and
control on the etiological perspective.

MATERIALS AND METHODS

Study Design
A spatial ecological study was designed to conduct a nationwide
investigation of serum SELENOP at the county-level to
investigate the serum SELENOP levels of residents living in
KD endemic and non-endemic counties in mainland China,
and to provide geographically precise and visualized evidence
of selenium nutrition at the molecular level for KD prevention,
control, and elimination on the etiological perspective.

The studies involving human participants were reviewed
and approved by the ethics committee of the Harbin Medical
University (hrbmuecdc20150101). This study was performed in
accordance with the ethical standards as laid down in the 1964
Declaration of Helsinki and its later amendments or comparable
ethical standards.

Study Participants
During 2019–2020, 6,382 individuals aged 15–44 years, who had
lived in their residence for not <6 months in the past 12 months,
participated in the study. A total of 2,462 (38.6%)males and 3,920
(61.4%) females were surveyed. Among them, 2,639 (41.3%)
participants were younger than 20 years old, 2,504 (39.2%)
participants aged 20–24 years old, 1,101 (17.3%) participants
aged 25–29 years old, and 138 (2.2%) participants were older than
30 years old. Of the participants, 3,605 (56.5%) lived in cities,
938 (14.7%) lived in townships, and 1,839 (28.8%) lived in rural
areas. There were 4,758 (74.6%) participants from the KD non-
endemic counties and 1,624 (25.4%) participants from the KD
endemic counties. The participants were recruited from 1,688
counties in 29 provinces, and covered 59.4% (1,688/2,843) of all
counties in mainland China, including 236 KD endemic counties
(71.5%, 236/330) and 1,452 KD non-endemic counties (57.8%,
1,452/2,513) in mainland China. The details of the demographic
characteristics of the subjects by gender, age, region by KD
endemic area are shown in Table 1 and Figures 1A–D. The
counties of the participants were divided into KD endemic areas
and KD non-endemic areas according to the Keshan Disease
Endemic Area Definition and Classification (GB17020-2010) (4,
28). According to the Administrative Division of China, the
residence of the participants were divided into rural, township,
and city areas (29). The inclusion criteria of participants were
age ≥15 years old, were permanent residents who had lived
in their residence for more than 6 months in the past 12
months, were healthy in general physical examination, were able
to communicate normally and to participate in the research
voluntarily. All participants provided written informed consent.

Questionnaire Survey
A pre-designed questionnaire was used to investigate
demographic information on participants regarding gender,
age, current residence and address.

Blood Samples
After fasting for 8 h, 2ml of venous blood samples from
participants was collected into vacuum blood collection
tubes without anticoagulant. Blood samples were naturally
agglutinated for 30min, and then were centrifuged at 3,000×g
for 10min. Serum was carefully and immediately collected into
tubes without pyrogen and endotoxin, and stored at −80◦C in
the refrigerator until the assay.

Serum SELENOP
The human SELENOP enzyme-linked immunosorbent assay
kits (Jiangsu Kejing Biotechnology Co., Ltd, Jiangsu, China)
were used to measure SELENOP concentration in the serum
samples. The SELENOP ELISA kit includes a set of SELENOP
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TABLE 1 | Serum SELENOP levels by demographic characteristics and association with KD endemic area (µg/mL).

Characteristic All KD endemic counties KD non-endemic counties Statistics P-value

n SELENOP (x̄± s) 95% CI n SELENOP (x̄± s) 95% CI n SELENOP (x̄± s) 95% CI

All 6,382 4.62 ± 1.82 4.58–4.67 1,624 4.54 ± 2.03 4.44–4.64 4,758 4.66 ± 1.74 4.61–4.70 z = 2.24 0.0250*

Gender

Male 2,462 4.70 ± 1.80 4.63–4.77 529 4.65 ± 1.95 4.48–4.81 1,933 4.71 ± 1.76 4.64–4.79 z = 0.76 0.4502

Female 3,920 4.58 ± 1.83 4.52–4.63 1,095 4.48 ± 2.07 4.36–4.61 2,825 4.61 ± 1.73 4.55–4.68 z = 1.99 0.0465*

Statistics z = 2.60 z = 1.52 z = 1.94

P-value P = 0.0093* P = 0.1298 P = 0.0522

Age (year)

<20 2,639 4.67 ± 1.68 4.61–4.74 684 4.34 ± 1.97 4.19–4.48 1,955 4.79 ± 1.54 4.72–4.86 z = 6.16 <0.0001*

20–24 2,504 4.63 ± 1.90 4.55–4.70 654 4.74 ± 2.09 4.58–4.90 1,850 4.59 ± 1.82 4.51–4.67 z = 1.76 0.0792

25–29 1,101 4.58 ± 1.99 4.47–4.70 267 4.57 ± 2.02 4.33–4.82 834 4.59 ± 1.98 4.45–4.72 z = 0.08 0.9400

≥30 138 4.00 ± 1.68 3.72–4.28 19 4.33 ± 1.65 3.54–5.13 119 3.94 ± 1.68 3.64–4.25 t = 0.94 0.3473

Statistics F = 6.30 F = 4.51 F = 12.04

P-value P = 0.0003* P = 0.0037* P < 0.0001*

Region

Cities 3,605 4.72 ± 1.93 4.66–4.78 757 4.57 ± 2.13 4.42–4.72 2,848 4.76 ± 1.87 4.69–4.83 z = 2.44 0.0148*

Townships 938 4.50 ± 1.74 4.39–4.61 395 4.58 ± 2.08 4.37–4.78 543 4.45 ± 1.43 4.33–4.57 z = 1.09 0.2762

Rural areas 1,839 4.50 ± 1.64 4.43–4.58 472 4.46 ± 1.81 4.29–4.62 1,367 4.52 ± 1.57 4.43–4.60 z = 0.69 0.4926

Statistics F = 11.20 F = 0.52 F = 13.22

P-value P < 0.0001* P = 0.5971 P < 0.0001*

*P < 0.05 and the difference between groups were statistically significant.
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FIGURE 1 | Spatial distribution of the subjects investigated. (A) spatial distribution of the gender of the subjects; (B) spatial distribution of the age of the subjects; (C)

spatial distribution of subjects living in KD endemic areas and non-endemic areas; (D) spatial distribution of participants proportion and region proportion in different

provinces.

standards for calibration. The optical density (OD) of the
calibration standards and the serum samples of participants
were simultaneously measured at a wavelength of 450 nm
using the BioTek Cytation 3 MFD, then the standard curve
was generated by plotting the OD value obtained for each
of the SELENOP standard concentration on the vertical (Y)

axis vs. the corresponding concentration on the horizontal
(X) axis. Finally, the concentration of SELENOP in each
serum sample was calculated using the standard curve
equation. The sensitivity in this assay was 0.1µg/ml. The
coefficients of variation of intra- assay was <7% and the
inter-assay was <12%.
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Economic Data
Economic data of per capita disposable income counties at the
county-level in this study were obtained from the Province
Statistical Yearbook 2019–2020.

Statistical Analysis
Data entry was performed using Epi Info (version 3.5.1). Data
cleaning and statistical analysis were conducted using SPSS
(version 17.0). SELENOP concentration is expressed as mean
and standard deviation (x̄ ± s). The normality of SELENOP
concentration was assessed with a Shapiro–Wilk test. The z-test,
independent-sample t-test and one-way analysis of variance
(ANOVA) were conducted to compare the SELENOP levels.
The test level of α was 0.05 (two sided), and P–value < 0.05
was considered statistically significant. Spatial regression analysis
of serum SELENOP and per capita disposable income was
conducted by ordinary least squares (OLS) using ArcGIS (version
9.0). Spatial description of study variables was performed by
plotting the thematic maps using ArcGIS (version 9.0). Spatial
autocorrelation analysis was conducted using ArcGIS (version
9.0). Moran’s I was used for global spatial autocorrelation analysis
to explore whether spatial clustering of serum SELENOP existed
at the overall level. The values ofMoran’s I ranged from+1 to−1,
indicated spatially random (Moran’s I = 0), dispersed (Moran’s
I < 0) or clustered (Moran’s I > 0). Getis-Ord-Gi∗ statistic was
used for local spatial autocorrelation analysis to determine the
types and locations of spatial clustering of serum SELENOP. The
“hot spots” were determined by the positive z-scores, indicated
that the high values of the mean serum SELENOP levels were
clustered in these areas. The “cold spots” were determined by the
negative z-scores, indicated that the low values of themean serum
SELENOP levels were clustered in these areas. The corresponding
z values of 90, 95, and 99% confidential intervals (CI) for the
Getis-Ord Gi∗ were±1.65,±1.96, and± 2.58, respectively.

RESULTS

Serum SELENOP Levels and KD
The mean serum SELENOP levels of residents living in the
townships and rural areas of KD endemic counties were not
statistically significantly lower than those of residents living in
KD non-endemic counties (z = 1.09, P = 0.2762; z = 0.69,
P = 0.4926), although the mean serum SELENOP levels in KD
endemic counties were statistically significantly lower than KD
non-endemic counties (z = 2.24, P = 0.0250). The mean serum
SELENOP levels of residents living in cities of KD endemic
counties were significantly lower than that of residents living in
KD non-endemic counties (z = 2.44, P = 0.0148).

The mean serum SELENOP levels of females in KD endemic
counties were significantly lower than that of females in KD
non-endemic counties (z = 1.99, P = 0.0465). The mean serum
SELENOP levels of participants younger than 20 years of age
in KD endemic counties were significantly lower than that of
participants in KD non-endemic counties (z = 6.16, P < 0.0001).
The mean serum SELENOP levels of 1,624 participants living in
KD endemic counties were 4.54 ± 2.03µg/mL (95% CI: 4.44–
4.64), and were significantly different between age groups (F =

4.51, P = 0.0037). The mean serum SELENOP levels of 4,758
participants living in KD non-endemic counties were 4.66 ±

1.74µg/mL (95% CI: 4.61–4.70), and were significantly different
between age groups (F = 12.04, P < 0.0001), and regions (F =

13.22, P < 0.0001).
The mean serum SELENOP levels of the 6,382 residents in

1,688 counties were 4.62 ± 1.82µg/mL (95% CI: 4.58–4.67), and
ranged from 0.97 to 11.22µg/mL. The mean serum SELENOP
levels of females were significantly lower than that of males
(z = 2.60, P = 0.0093). The mean serum SELENOP levels
were significantly different between age groups (F = 6.30, P =

0.0003). The mean serum SELENOP levels of residents living in
rural areas and townships were significantly lower than those
of residents living in cities (F = 11.20, P < 0.0001). The above
results of serum SELENOP levels by demographic characteristics
and KD endemic area are shown in Table 1.

The spatial distribution of the mean serum SELENOP levels
in 1,688 counties are shown in Figure 2. The P25 and P75 value
of the mean serum SELENOP levels in 1,688 counties were 3.88
and 5.10µg/mL, respectively. A total of 417 counties of the mean
serum SELENOP levels were lower than the P25 value.

Spatial Regression Analysis of Serum
SELENOP and Per Capita Disposable
Income
The spatial distribution of the mean per capita disposable income
in 1,333 counties are shown in Figure 3. The mean levels of the
per capita disposable income in all 1,333 counties were 36,882
yuan, and ranged from 11,125 to 88,291 yuan. The P25 and P75
value of the per capita disposable income in 1,333 counties were

FIGURE 2 | Spatial distribution of the mean serum SELENOP levels at the

county-level.
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FIGURE 3 | Spatial distribution of the mean per capita disposable income at

the county-level.

TABLE 2 | Spatial regression analysis of the serum SELENOP and per capita

disposable income.

Characteristic Regression

coefficients

Standard

deviation

t P-value

βa
0 4.034083 0.116618 34.59 <0.0001

Per capita

disposable income

0.000011 0.000003 3.52 0.0004

aβ0 is a constant term, R
2 = 0.0094, Radj2 = 0.0086.

30,740 and 39,978 yuan, respectively. A total of 334 counties of
the per capita disposable income were lower than the P25 value.
Among them, 88 counties of the mean serum SELENOP levels
and per capita disposable income were both lower than the P25
value of serum SELENOP and per capita disposable income. The
mean levels of the per capita disposable income in KD endemic
counties and KD non-endemic counties were 32,184 and 37,546
yuan, respectively. The mean levels of the per capita disposable
income in KD endemic counties were significantly lower than
that of per capita disposable income in KD non-endemic areas
(z = 10.42, P < 0.0001).

A spatial regression model was developed with the serum
SELENOP level as the dependent variable and per capita
disposable income as the independent variable. The results of the
spatial regression model were significant (F = 12.37, P= 0.0004).
Finally, the serum SELENOP level was positively correlated with
per capita disposable income (t = 3.52, P = 0.0004), as shown in
Table 2.

Spatial Autocorrelation Analysis
The results of the global autocorrelation analysis of the mean
serum SELENOP levels of the residents in 1,668 counties were

significant (Moran’s I = 0.03, z = 6.37, and P < 0.0001),
indicating that the mean serum SELENOP levels in different
counties had a spatially positive autocorrelation and was globally
clustered at the overall level. The details are shown in Figure 4.

The results of the Getis-Ord-Gi∗ analysis of the mean serum
SELENOP levels of the residents in 1,668 counties are shown
in Figure 5. The cold spots areas were blue in color, indicated
that the low values of the mean serum SELENOP levels were
clustered in these areas. The hot spots areas were red in color,
indicated that the high values of the mean serum SELENOP
levels were clustered in these areas. The areas not spatially
clustered were yellow in color. According to the 90, 95, and
99% CI of Getis-Ord-Gi∗ statistic, the cold spots were 213,
248, and 96 counties, respectively; and the hot spots were
67, 65, and 218 counties, respectively. Of the 557 cold spots
areas of low serum SELENOP levels, 553 (99.3%, 553/557)
counties were located in 11 KD endemic provinces of Yunnan,
Sichuan, Gansu, Chongqing, Shaanxi, Shanxi, Hubei, Henan,
Hebei, Shandong, and Inner Mongolia; only 4 (0.7%, 4/557)
counties were located in KD non-endemic province of Xinjiang.
Of the 350 hot spots areas of high serum SELENOP levels were
located in 4 KD endemic provinces of Guizhou, Heilongjiang,
Jilin, and Inner Mongolia and in 8 KD non-endemic provinces of
Guangxi, Hunan, Guangdong, Jiangxi, Fujian, Anhui, Zhejiang,
and Jiangsu.

DISCUSSION

This was the first nationwide spatial ecological study on
SELENOP and KD at the county-level, which is small area
study. The smaller the spatial unit of the study, the better the
homogeneity of the units, the more stable the output model, the
more precise the visualization, and themore reliable and accurate
the results.

Assessment of KD elimination has been being the first
priority of KD prevention and control in the past 10 years.
Selenium deficiency is the most recognized and convincing cause
on the KD etiological aspects (10–12). SELENOP, accounting
for about 60% of total plasma selenium in the human body,
is a recognized molecular biomarker of selenoproteins and
an important indicator of selenium nutrition (23, 30). It is
essential to conduct the county-level spatial ecological study of
serum SELENOP and KD. A total of 6,382 individuals were
recruited from 1,688 counties in 29 provinces, and covered 59.4%
(1,688/2,843) of all counties in mainland China, including 236
KD endemic counties (71.5%, 236/330) and 1,452 KD non-
endemic counties (57.8%, 1,452/2,513) in mainland China. The
scope of the study is wide.

As shown in Table 1, the mean serum SELENOP levels of the
6,382 residents in 1,688 counties were 4.62 ± 1.82µg/mL. These
seemed lower than the human serum SELENOP concentration
(5.4 ± 0.5µg/mL) reported by Hybsier et al. and higher
than 4.3µg/mL of a large prospective cohort investigation of
1,932 healthy Europeans reported by Hughes et al. (31, 32).
Our research provides a useful reference for the definition
of SELENOP reference values in humans, and still provides
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FIGURE 4 | Global spatial autocorrelation analysis of the mean serum SELENOP levels at the county-level. The left side of the figure represents dispersed areas, the

right side represents clustered areas, and the middle represents random areas.

valuable information for assessing the effectiveness of KD
prevention on the etiological aspects of selenium nutrition at the
molecular level.

The mean serum SELENOP levels of residents living in the
townships and rural areas of KD endemic counties were not
statistically significantly lower than those of residents living in
KD non-endemic counties. This is consistent with the low KD
prevalence found in KD elimination assessment so this can be
the evidence of KD elimination on the etiological perspective.
However, the mean serum SELENOP levels in KD endemic
counties were statistically significantly lower than KD non-
endemic counties. The reason for this result is that the mean
serum SELENOP levels of participants living in the urban centers
of KD endemic counties were significantly lower than that of
participants living in KD non-endemic counties. Furthermore,
the mean serum SELENOP levels of residents living in rural
areas and townships were significantly lower than those of
residents living in the urban centers. These results indicated
that selenium deficiency may still exist among residents living
in some KD endemic areas, and they are still at risk having KD.
The human body intakes selenium mainly through food, and
the selenium content of food extremely is influenced by external
environmental selenium level (33). It has beenwell-demonstrated
that the selenium levels of external environments (soil and foods)
of the residents living in KD endemic areas had been low (7–
9) and low selenium levels of the foods eventually leaded to

selenium deficiency in the residents of the KD endemic areas
(33, 34). Therefore, the diets of foods rich in selenium should be
still recommended for the residents of the KD endemic areas.

As shown in Figures 2, 3, the mean serum SELENOP levels
and per capita disposable income of 88 counties out of 1,688
surveyed counties were low. This result was not only consistent
with the result that the serum SELENOP level was positively
correlated with per capita disposable income (t = 3.52, P =

0.0004) in the spatial regression model but also consistent with
the result that the KD prevalence was negatively correlated with
per capita disposable income in the KD prevalence assessment
(35). Furthermore, the mean levels of the per capita disposable
income in KD endemic counties were significantly lower than in
KD non-endemic areas (z = 10.42, P < 0.0001). This result was
consistent with the result that the mean serum SELENOP levels
of residents living in rural areas and townships were significantly
lower than those of residents living in the urban centers because
KD endemic areas are all located in rural areas. These results
indicated that serum SELENOP levels were closely correlated
with economic factors.

As shown in Figure 4, the results of the global autocorrelation
analysis of the mean serum SELENOP levels of the residents in
1,668 counties were significant (Moran’s I = 0.03, z = 6.37, and
P < 0.0001), indicating that the mean serum SELENOP levels
were globally clustered at the overall level and had a positive
correlation between serum SELENOP levels in counties and their
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FIGURE 5 | Clusters identified by local Getis-Ord Gi* analysis for the mean

serum SELENOP levels by county in China. Red borders in the spatial

thematic map represent KD-endemic areas. Colors in the spatial thematic map

represent hot spots and cold spots of spatial clustering with 90, 95,

and 99% CI.

neighboring counties. Although global spatial autocorrelation
analysis can explore whether there is spatial clustering of serum
SELENOP levels at the overall level, it cannot identify the areas
and types of spatial clusters. Thus, local spatial autocorrelation
analysis is essential. Getis-Ord Gi∗ is a commonly used indicator
for evaluating local autocorrelation. As shown in Figure 5, Getis-
Ord-Gi∗ statistic effectively identified the cluster areas. Of the
557 cold spots areas of low serum SELENOP levels, 553 (99.3%,
553/557) counties were located in 11 KD endemic provinces of
Yunnan, Sichuan, Gansu, Chongqing, Shaanxi, Shanxi, Hubei,
Henan, Hebei, Shandong, and Inner Mongolia; only 4 (0.7%,
4/557) counties were located in KD non-endemic province
of Xinjiang. These results can be the geographically precisely
visualized evidence of selenium nutrition at molecular level for
assessing KD prevention, control, and elimination. The clustered
areas of cold spots in the KD endemic provinces should be
the target for the high priority of KD precision prevention and
control. The majority of hot spots clustered areas of high serum
SELENOP levels were located in Heilongjiang province, in which
KD was severely epidemic in the 1950s through the early 1970s.
There are 66 KD endemic counties in Heilongjiang province,
accounting for 20% (66/330) of all KD endemic counties in
China. This result was not very consistent with the results that the
serum SELENOP level was positively correlated with per capita
disposable income. In China, the per capita disposable income
and per capita gross domestic product (GDP) of Heilongjiang

ranked almost at the bottom in 2019 (36). Further studies are
needed clarify this issue.

The major innovations of this study are that firstly this
was the first nationwide county-level spatial ecological study of
serum SELENOP and KD. SELENOP is a recognized molecular
biomarker of selenium nutrition. This study is therefore a
molecular spatial epidemiological study having significance in
public health for primary prevention. Secondly, the county-level
small area study, a higher geographically precisely visualized
technique and stronger scientific in spatial epidemiological
analysis, were more reliable and geographically precise. The
findings of this study were not only the molecular evidence
of serum SELENOP for assessing KD prevention, control, and
elimination at county-level on the etiological aspects but also
geographically precise and visualized evidence for the strategic
plans for KD prevention and control. Ultimately, the innovation
of this study is the translation of SELENOP and the techniques
of small area study of spatial epidemiology into the practice
of KD precision prevention and control. The limitations of
this study were that the study was not probability sampling,
and the sample sizes of some counties were limited. Another
limitation of this study is the lack of total serum selenium
measurements, even though SELENOP and total serum selenium
displayed a significant correlation. SELENOP, a primary selenium
transport protein and reflects long-term intake that is less
influenced by the chemical form of the ingested selenium,
is regarded as the most meaningful and the best functional
biomarker of selenium nutritional status (21, 32). However, there
seems to be no correlation between SELENOP and selenium
when selenium concentration below 50–60 µg/L in serum
or plasma. In such case, the SELENOP may not reflect the
selenium status in a proper way and therefore total serum or
plasma selenium is regarded as the most reliable biomarker
and total selenium would considerably strengthen the study.
An additional limitation of the study is lack of validation
of SELENOP ELISA assay by measuring certified reference
material to get a more precise quantification of SELENOP in
human blood.

In conclusion, the mean serum SELENOP levels of the
residents living in the rural areas of KD endemic counties
were not statistically significantly lower than those of
the residents living in KD non-endemic counties. This
is consistent with the low KD prevalence found in KD
elimination assessment so this can be the evidence of KD
elimination on the etiological perspective. The mean serum
SELENOP levels were globally clustered at the overall level.
The majority of cold spots clustered areas identified by the
Getis-Ord-Gi∗ analysis are in the KD endemic provinces.
These counties should be the geographically precisely visualized
evidence for the high priority of KD precision prevention
and control.
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