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Abstract

Background: The emergence and rapid spread of coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2), a potentially fatal disease, is swiftly leading to public health crises
worldwide. This study aimed to detect hotspots and coldspots of COVID-19 in Hanoi city, Vietnam.

Methods: the Getis-Ord’s G/ statistic-based hotspot analysis was employed to detect hotspots and coldspots of COVID-
19 pandemic in Hanoi city. Two methods for constructing spatial weight matrix have been used, namely the first and
second order of contiguity.

Results: it was found from a case study of COVID-19 cases reported on 31 January 2022 in Hanoi city, a total of six
hotspots and six coldspots of COVID-19 were detected using the first order contiguity (statistically significance at the
0.05 level). For the case of using the second order of contiguity, six hotspots and three coldspots were successfully
identified. Hotspots were mainly concentrated in urbarn districts in the east of Hanoi. Coldspots were detected in the
western suburban districts.

Conclusions: the study results has proven the effective use of Getis-Ord's statistics to detect hotspots and coldspots of
COVID-19 pandemic. Findings in this study make great contributions to our understanding of the spatial clustering of
the COVID-19 pandemic.
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1. Introduction

Since early 2020, the COVID-19 pandemic has posed a major risk to public health on a global scale. The COVID-19
pandemic was brought on by SARS-CoV-2, the coronavirus that causes severe acute respiratory syndrome (1).
Therefore, Eastern Asia, Europe, and the rest of the world were quickly infected by the virus (2). According to the most
recent data, the World Health Organization had reports of more than 770.4 million confirmed cases of COVID-19 as of
September 13, 2023, including more than 6.9 million fatalities (3). With the increasing availability of high-quality data
and improved computational capabilities, numerous geospatial methods and tools have been developed and used in
infectious diseases, including COVID-19 surveillance (4,5). As a result, attempts have been made to examine the COVID-
19 pandemic, especially in studies of the COVID-19 epidemic's hotspots (6,7).

In spatial epidemiology, spatial clustering analysis plays an important role in identifying spatial aggregation of disease
cases by identifying whether geographically grouped cases can be explained by chance or are statistically significant to
find evidence of etiologic factors (8,9). Previous research have shown that several social processes connected to the
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space of occurrence frequently determine the dispersion of infectious diseases (10,11). COVID-19 infections may vary
in both space and time due to the complex interactions of various influences, including socioeconomic vulnerability,
rapid population increase, and urbanization, as well as environmental factors (12). To conduct a study of outbreaks,
spatial analysis and the identification of areas with COVID-19 clusters, followed by the characterisation of the causes of
the dynamics in these clusters, have been encouraged (13,14). The resulting maps from these spatial methods can help
prevent and control cases with targeted public health action plans and guided interventions in areas with higher than
expected disease risk while motivating the population with various public health programs with the advanced
knowledge of disease etiological characteristics (14). The most frequently used method for spatial clustering and
hotspot analysis was local Moran’s I, followed by Getis-Ord’s G; statistic, Kulldorff's spatial scan statistic and Kernel
density (15). For example, using Getis-Ord’s G| statistic and geographically weighted principal component analysis, the
impact of living environment deprivation on COVID-19 hotspot was successfully examined in Kolkata megacity, India
(16). the exploratory spatial data analysis and the geodetector method was employed to analyze the spatial and
temporal differentiation characteristics and the influencing factors of the COVID-19 epidemic spread in mainland China
based on the cumulative confirmed cases, average temperature, and socio-economic data (17). The global (Moran’s I)
and local indicators of spatial autocorrelation (LISA), both univariate and bivariate, were successfully applied to derive
significant clustering of COVID-19 pandemic (18). The global Moran's I statistic and the retrospective space-time scan
statistic were also successfully used to analyze spatio-temporal clusters of COVID-19 (19).

The objective of this study was to detect hotspots and coldspots of COVID-19 in Hanoi city, Vietnam. The Getis-Ord’s G;
statistic-based hotspot analysis was used to identify hotspots and coldspots of COVID-19 pandemic in Hanoi city. Two
methods for constructing spatial weight matrix have been used including the first order and second order of contiguity.

2. Material and methods

In this study, a dataset of COVID-19 cases in the 2022 Winter Day in Hanoi was used to analysis of spatial clusters. These
COVID-19 locally transmitted cases were reported on 31 January 2022. The spatial distribution of these COVID-19 cases
is shown in Figure 1. Data from Figure 1 illustrate that the COVID-19 cases were mainly reported in the northeast of
Hanoi city. In particular, high numbers of COVID-19 case were mainly confirmed in the Hanoi metropolitan where the
population density is dense. Data from Table 1 shows that high numbers of COVID-19 cases were reported mostly in
urban districts in the northeast of Hanoi city. On the other hand, low and very low number of COVID-19 cases were
reported in suburban districts in the west and south of Hanoi city.
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Figure 1 Percentile map of COVID-19 cases confirmed on 31 January 2022 in Hanoi city
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3. Methods

Getis-Ord’s G; statistic-based hotspot analysis characterizes the presence of hotspots (high clustered values) and
coldspots (low clustered values) over an entire area by looking at each feature within the context of its neighboring
features (20). It is, therefore, Getis-Ord’s G| statistic was used to identify the counties of high and low numbers of COVID-
19 cases (6,7). The form of Getis-Ord’s G statistic is defined as follows (21):
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where G;" is computed for the number of COVID-19 cases at county i; x;, x;, X, and W;; are defined in equation (1); and
N is the total number of neighborhood counties as defined in equation (2). W;; can be constructed using the methods of
the first order and second of contiguity (shown in Figure 2).

Similar to those obtained from global and local Moran’s I statistics,the Getis-Ord’s G; coefficient at county i (G;) also
ranges between -1 and +1. If G > 0 and p(G;') < a then there exists a spatial clustering of high-high values (6,7). In this
case, these high-high values, so-called a hotspots, reflects the presence of high numbers of COVID-19 cases among
county 7 and its neighborhood counties (j € J;). Whereas, if G; < 0 and p(G;) < a then there exists a spatial clustering of
low-low values (6,7). These low-low values are called a coldspots indicating low numbers of COVID-19 cases among
county i and its neighborhood counties (j € J;). Similar to those in the definition of local Moran’s [ statistic, if the value
of G/ close zero and p(G;) < a then there will be neither hotspots nor coldspots or random distribution of COVID-19
cases (7).

Figure 2 Map of neighbor connectivity using first order (left) and second (right) of contiguity

A lots of attempts have been put on the use of Getis-Ord’s G| statistic with the help of ArcGIS software using Getis z-
scores (20,22,23) defined in a study by Mitchel (22). However, as discussed above, the presence of a strongly skewed
distribution in the dataset fails the test. It is, therefore, testing for the significance of the Getis-Ord’s G; statistic in this
study was also carried out by a randomization test using 999 permutations. In this work, with the help of the spatial
statistics software, GeoDA, developed by (24), a randomization test was used to test the significance of spatial
autocorrelation statistics. Spatial autocorrelation statistics were generated and tested at the significance of 0.05 using
999 permutations.
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4. Results and discussion

4.1. Analysis of spatial weight matrix

The properties of spatial weight matrix based on the first and second order of contiguity were statistically summarized
in Table 1. Data from Table 1 illustrate a total of 30 districts have been used to determine the spatial weight matrix. In
both cases, the number of min neighbors count is two. For the method of the first order of contiguity, the max, mean and
median of neighbors are 7, 4.8 and 5, respectively. For the second order of contiguity, values of max, mean and median
of neighbors are all greater than those obtained from the first case 1 with values of 13, 8.0 and 8.0 respectively (see
Table 1).

Table 1 Summary table of properties of spatial weight matrix

Properties Values
First order of contiguity | Second order of contiguity
Number of observations | 30 30
Min neighbors 2 2
Max neighbors 7 13
Mean neighbors 4.8 8.0
Median neighbors 5 8.0
% non-zero 16.0 % 26.7 %

4.2. Analysis of COVID-19 hotspots and coldspots

The results and spatial distribution of COVID-19 hotspot detection in the case of using the first order of contiguity were
statistically summarized in Table 2 and was also shown in Figure 3, respectively. Data from the cluster map in Figure 3-
a shows a total of 6 hotspots, 6 coldspots and 18 districts with no statistically significance at the 0.05 level. Hotspots
were mainly concentrated in the eastern districts of Hanoi. Six COVID-19 hotspots were Cau Giay (116 cases), Thanh
Xuan (137 cases), Thanh Tri (143 cases), Gia Lam (166 cases), Long Bien (110 cases), and Hai Ba Trung (127 cases). In
addition, Hoang Mai (266 cases), Ha Dong (260 cases) and Dong Da (298) were districts with a large number of
infections but no COVID-19 hotspots have been detected in these districts. Surrounding districts having a smaller
number of COVID-19 infected cases can account for this issue. In addition, coldspots were detected in the western
suburban districts of Hanoi such as Ba Vi (0 cases), Son Tay (0 cases), Thach That (0 cases), Phuc Tho (0 cases), and
other suburban districts in the south of Hanoi city such as Ung Hoa (3 cases) and My Duc (0 cases). Data from Figure 3
(left) also shows that there was no existence of hot spots and cold spots in the remained 18 districts at the statistical
significance level of 0.05.

Table 2 Summary table of clusters and significant values

Districts COVID-19 cases | Community types | First order of contiguity | Second order of contiguity
Getis | Clusters | P value | Getis | Clusters | P value
Ba Dinh 107 Urban 0.05 |0 0.08 006 |1 0.00
Ba Vi 0 Rural 0.00 |2 0.00 0.00 |2 0.03
Bac Tu Liem | 77 Urban 004 | O 0.27 004 |0 0.16
Cau Giay 116 Urban 0.05 |1 0.04 0.05 1 0.02
Chuong My 1 Rural 002 |0 0.23 003 |0 0.37
Dan Phuong | 4 Rural 002 |0 0.22 003 |0 0.40
Dong Anh 178 Rural 0.03 |0 0.27 005 |0 0.08
Dong Da 298 Urban 0.06 |0 0.16 0.07 |1 0.00
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Gia Lam 166 Rural 0.07 |1 0.02 004 |0 0.40
Ha Dong 260 Urban 004 |0 0.46 004 |0 0.31
Hai Ba Trung | 127 Urban 0.07 |1 0.01 006 |1 0.00
Hoai Duc 56 Rural 003 |0 0.48 003 |0 0.22
Hoan Kiem 95 Urban 006 |0 0.06 006 |1 0.02
Hoang Mai 266 Urban 0.06 |0 0.05 0.06 |1 0.00
Long Bien 110 Urban 0.05 |1 0.04 0.04 |0 0.32
Me Linh 10 Rural 002 |0 0.15 002 |0 0.13
My Duc 0 Rural 0.00 |2 0.05 002 |0 0.43
Nam Tu Liem | 196 Urban 005 |0 0.10 004 |O 0.16
Phu Xuyen 4 Rural 0.02 |0 0.27 0.03 |0 0.39
Phuc Tho 0 Rural 0.00 |2 0.00 003 |0 0.34
Quoc Oai 2 Rural 002 |0 0.23 002 |2 0.03
Soc Son 17 Rural 003 |0 0.43 00z |0 0.31
Son Tay 0 Town 0.00 |2 0.00 001 |2 0.02
Tay Ho 84 Urban 004 |0 0.21 005 |0 0.05
Thach That 0 Rural 0.00 |2 0.00 00z |0 0.26
Thanh Oai 55 Rural 003 |0 0.49 004 |O 0.17
Thanh Tri 143 Rural 006 |1 0.01 004 |O 0.26
Thanh Xuan | 137 Urban 0.07 |1 0.00 0.03 |0 0.38
Thuong Tin 126 Rural 0.03 |0 0.36 0.05 |0 0.06
Ung Hoa 3 Rural 0.00 |2 0.02 004 |0 0.18
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Figure 3 Map of COVID-19 hotspots and coldspots using first order of contiguity: cluster map (left) and significance

map (right)
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Data from Figure 3 (right) shows the level of statistical significance for each district of Hanoi city. Statistical levels were
expressed on 4 scale ranging from statistical unsignificance (p-value > 0.05) to statistical significance at 0.05, 0.01 and
0.001 levels. Data from Figure 3 (right) illustrates that there were 4 clusters with highly significant at 0.001 including
Thanh Xuan (137 cases), Thach That (0 cases), Ba Vi (0 cases) and Son Tay (0 cases). Three districts were clustered with
high significant at the 0.01 level including Thanh Tri (143 cases), Hai Ba Trung (127 cases) and Phuc Tho (0 cases).
Whereas, five clusters were statistically significant at the 0.05 level, including Cau Giay (116 cases), Long Bien (110
cases), Gia Lam (166 cases), Ung Hoa (3 cases) and My Duc (0 cases).

Hotspots of COVID-19 in Hanoicity in the case of using the second order of contiguity were statistically summarized and
their spatial distribution was shown in Figure 4. Data from the cluster map in Figure 4 (right) shows that, similar to
those obtained from using the first order of contiguity, a total of 6 hotspots were also detected. In addition, three
coldspots were identified, and 21 districts with statistically unsignificance at the 0.05 level. The six COVID-19 hotspots
were distributed mainly in the eastern districts of Hanoi city. Six hotspots were discovered in urban districts including
Cau Giay (116 cases), Dong Da (298 cases), Hoan Kiem (95 cases), Hai Ba Trung (127 cases) and Hoang Mai (266 cases).
In addition, Thanh Xuan (137 cases), Thanh Tri (143 cases), Gia Lam (166 cases), Long Bien (110 cases), and Ha Dong
(260 cases) were districts having a large number of cases but no COVID-19 hot spots were successfully detected. Similar
to those obtained from the above case, three coldspots were also mainly detected in the western suburban districts of
Hanoi. However, no COVID-19 clusters were found in the southern districts. The three coldspots include Ba Vi (0 cases),
Son Tay (0 cases), and Quoc Oai (2 cases). Some suburban districts had low infection cases but no COVID-19 coldspots
were detected in these areas such as Thach That (0 cases) and Phuc Tho (0 cases), Ung Hoa (3 cases) and My Duc (0
cases). Data from Figure 4 (left) also shows that no COVID-19 clusters were found in the remained 21 districts because
they were not statistically significant at the 0.05 level.

The data from Figure 4 (right) shows the level of statistical significance for each district of Hanoi city in the case of using
the second order of contiguity to construct the spatial weight matrix. The levels of statistical significance were also
expressed on 4 scales ranging from statistically unsignificance (> 0.05) to statistical significance at 0.05, 0.01 and 0.001
levels. Data in Figure 4 (right) illustrates that there was only one cluster reached a very high level of significance at the
0.001 level, which was found in Hoang Mai (266 cases). Three COVID-19 clusters were high significant at the 0.01 level
including Hai Ba Trung (127 cases), Dong Da (298 cases) and Ba Dinh (107 cases). Five clusters were statistically
significant at the 0.05 level including Ba Vi (0 cases), Son Tay (0 cases), Quoc Oai (2 cases), Cau Giay (116 cases) and
Hoan Kiem (95 cases).
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Figure 4 Map of COVID-19 hotspots and coldspots using second order of contiguity: cluster map (left) and significance
map (right)
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5. Conclusion

In this study, analysis of hotspots and coldspots of COVID-19 was carried out in Hanoi city, Vietnam. The Getis-Ord’s
G/ statistic-based hotspot analysis was employed to detect hotspots and coldspots of COVID-19 pandemic. Two methods
for constructing spatial weight matrix, namely the first order and second of contiguity, have been used. It was found
from a case study of COVID-19 cases reported on 31 January 2022 in Hanoi city, a total of 6 hotspots and 6 coldspots of
COVID-19 were detected statistically significance at the 0.05 level using the first order and second of contiguity. For the
case of using the second order of contiguity, six hotspots and three coldspots were successfully identified. Hotspots
were mainly concentrated in urbarn districts in the east of Hanoi. Coldspots were detected in the western suburban
districts. The study results has proven the effective use of Getis-Ord's statistics to detect hotspots and coldspots of
COVID-19 pandemic. Findings in this study greatly contribute to our understanding of the spread of the COVID-19
pandemic. This study also highlighted the need for more studies on COVID-19 hotspot using spatial statistics for COVID-
19 prevention and control strategies
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