f

and Public Health

International Journal of
Environmental Research

Article

Comparing the Impact of Road Networks on COVID-19
Severity between Delta and Omicron Variants: A Study
Based on Greater Sydney (Australia) Suburbs

Shahadat Uddin *

check for
updates

Citation: Uddin, S.; Lu, H.; Khan, A_;
Karim, S.; Zhou, F. Comparing the
Impact of Road Networks on
COVID-19 Severity between Delta
and Omicron Variants: A Study
Based on Greater Sydney (Australia)
Suburbs. Int. J. Environ. Res. Public
Health 2022, 19, 6551. https://
doi.org/10.3390/ijerph19116551

Academic Editors: Paul B.
Tchounwou and Daniel A. Griffith

Received: 10 March 2022
Accepted: 25 May 2022
Published: 27 May 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Haohui Lu

, Arif Khan ¥, Shakir Karim © and Fangyu Zhou

School of Project Management, Faculty of Engineering, The University of Sydney, Forest Lodge,
Sydney, NSW 2037, Australia; haohui.lu@sydney.edu.au (H.L.); arif khan@sydney.edu.au (A.K.);
shakir.karim@sydney.edu.au (S.K.); fangyu.zhou@sydney.edu.au (F.Z.)

* Correspondence: shahadat.uddin@sydney.edu.au

Abstract: The Omicron and Delta variants of COVID-19 have recently become the most dominant
virus strains worldwide. A recent study on the Delta variant found that a suburban road network
provides a reliable proxy for human mobility to explore COVID-19 severity. This study first examines
the impact of road networks on COVID-19 severity for the Omicron variant using the infection
and road connections data from Greater Sydney, Australia. We then compare the findings of this
study with a recent study that used the infection data of the Delta variant for the same region. In
analysing the road network, we used four centrality measures (degree, closeness, betweenness and
eigenvector) and the coreness measure. We developed two multiple linear regression models for Delta
and Omicron variants using the same set of independent and dependent variables. Only eigenvector
is a statistically significant predictor for COVID-19 severity for the Omicron variant. On the other
hand, both degree and eigenvector are statistically significant predictors for the Delta variant, as
found in a recent study considered for comparison. We further found a statistical difference (p < 0.05)
between the R-squared values for these two multiple linear regression models. Our findings point
to an important difference in the transmission nature of Delta and Omicron variants, which could
provide practical insights into understanding their infectious nature and developing appropriate
control strategies accordingly.

Keywords: suburban road network; delta variant; omicron variant; network analysis; COVID-19
severity

1. Introduction

Two years after the first reported coronavirus case, the total number of confirmed
COVID-19 cases has surpassed 260 million worldwide [1]. Recently, a road-network-based
approach was utilized to analyze transmissibility [2]. In that study, COVID-19’s severity
and each suburb’s vulnerability were assessed using the centrality measures from a network
constructed with suburbs as nodes and roads between suburbs as edges. It was found that
the degree centrality of this suburban road network was a strong and statistically significant
predictor of both vulnerability and severity [2]. As a result, studying road networks can
help researchers better comprehend Delta and Omicron’s infectivity and severity levels.
However, there has been no comparison between the impact levels of this suburban road
network on the two variants. Therefore, this study aims at bridging this gap by utilizing the
same network for respective variants and tries to quantify the differences, if there are any.

Since the beginning of July 2021, newly confirmed COVID-19 cases have been more
than three million per week globally, reaching a maximum of 23.25 million in mid-January
2022 and presently (May 2022) trending down to four million [3]. This indicates that
both the original severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and its
many variants, including Delta and Omicron, are still being transmitted between different
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hosts and species on a big scale [4]. Although some scholars have anticipated that this
pandemic will come to an end soon [5], it is still heavily concerning that SARS-CoV-2 and its
various variants continue circulating widely throughout the global population, especially
considering the more contagious nature of the most recent Delta and Omicron variants.
This study concentrates on these two variants and the effects of the road networks on their
transmission in the Greater Sydney, Australia region.

The Delta variant has caused a new substantial infection wave worldwide, jeopardiz-
ing the COVID-19 eradication effort and putting humanity’s destiny in trouble [1]. The
Delta variant has spread to nearly every country since its first detection in October 2020
and it has emerged as the most common circulating variant in newly confirmed COVID-19
cases globally [6]. There is currently little evidence that the Delta variant’s transmission
channels have changed considerably. However, it is evidenced critically that the Delta
variant is far more transmissible than the original SARS-CoV-2 strain [7] and the Delta
variant is predicted to be even 60% more transmissible than the Alpha variant, which was
already highly infectious [8]. Researchers have also been trying to uncover the biological
reasons why the Delta variant acts like this. It has been suggested that the Delta variant has
significantly more viral particles in the airways of patients [9]. According to Li et al. [10],
the mean oropharyngeal swab viral load of Delta-infected people was roughly 1260 times
more than the cases infected by the original SARS-CoV-2. Bjorkman et al. [11] also found
that viral load is strongly connected to SARS-CoV-2’s transmissibility.

The Omicron variant, on the other hand, has been labelled by the World Health
Organization (WHO) as a super ‘variant of concern” due to its infectious and vaccine-escape
mutations. The spike protein, which is the principal antigenic target of antibodies produced
by infections or vaccination, has 32 mutations in this variant [12]. Mutations determine the
SARS-CoV-2 variant’s critical infectivity and antibody resistance in the spike (S) protein
receptor-binding region. By presenting a comprehensive quantitative analysis of Omicron’s
infectivity, vaccine breakthrough and antibody resistance, it was discovered that Omicron
may be over ten times more contagious than the original virus, or about 2.8 times as
infectious as the Delta variant, and that Omicron may have an 88% chance of evading
current vaccines. [12]. Therefore, the arrival of the Omicron variant has caused significant
concern and researchers have been trying to investigate the extent to which this new variety
may jeopardize existing vaccines [13,14]. However, in general, fully characterizing the
complete impact of Omicron’s S protein mutations on current vaccines in the world’s
populations is nearly impossible due to various reasons, e.g., diverse immunological
responses, different factors impacting the creation of antibodies and even the statistical
models in different experimental settings.

Apart from the properties of the virus itself, other factors have also been studied
to verify the transmissibility of the COVID-19 variants. It has been found that there
exists a negative correlation between transmission and temperature or humidity, but a
positive correlation between recovery and these two factors [15]. Some academics have also
unveiled a U-shaped relationship between outdoor ultraviolet exposure and weak positive
associations with air pressure, wind speed, precipitation, diurnal temperature, SO;, and
ozone [16]. There is no correlation between infectious viral titres (IVTs) and age or sex [9].
Previously, we found that road networks impact COVID-19 severity and vulnerability for
the Delta variant. In this study, we investigate the hypothesis for the Omicron variant and
explore the difference in spread pattern between these two variants.

2. Materials and Methods
2.1. Data

For this study, we considered data from 19 local government areas (LGAs) of Greater
Sydney in New South Wales, Australia. There are 137 postal areas in these 19 LGAs. Google
Maps was used to extract road connections between suburbs. The infection data were
taken from the Australian Bureau of Statistics (ABS) [17]. We considered infection data
for five weeks for the Delta variant, starting from 16 June 2021. This study evaluated
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only one week of data for the Omicron variant, starting from 2 February 2022. The Delta
cases were reported only through the polymerase chain reaction (PCR) test, administered
at different healthcare facilities. Omicron cases were reported based on both PCR and
home-based rapid antigen tests (RATs). There were inconsistencies in reporting the RAT
outcomes during the first couple of weeks since its introduction for COVID-19 testing in
late December 2021. After that, the State Government of New South Wales, Australia, made
it mandatory to report any positive outcome based on at-home RATs [18], which made
the reporting of RATs more consistent and reliable from late January 2022. Due to this,
we considered one week of Omicron data starting from 2 February 2022. In our Omicron
data, there is a small portion of Delta cases. As reported by the State Health Chief in
mid-January 2022, more than 90% of the reported cases were the Omicron variant in our
data collection area since January 2022 [19]. Since those cases are distributed uniformly
across the suburbs considered in this study, the tiny presence of Delta cases should not
bias any relevant Omicron findings. We performed all research methods by following the
appropriate guidelines and regulations.

2.2. Construction and Analysis of Suburban Road Networks

Suburban road networks show interconnections between a set of suburbs. Each
suburb is represented by a node. Connections between nodes are represented through
edges. Postcodes are seen as nodes in the construction of the suburban road network, i.e., a
postcode denotes a suburb. An edge between two suburbs shows that a route connects them
directly without passing through any intermediary suburbs. We used the number of roads
joining two suburbs as an edge weight. We used Google Maps and ABS data [17] to locate
suburb boundaries and count the number of roads connecting two suburbs. Considering a
portion of the data from our research dataset (i.e., for nine suburbs), Figure 1 illustrates
a small segment of the entire suburban road network considered in this study. Although
such a network can be based on all transportation media (e.g., road, bus and rail), this study
considered only the road network due to the imposed lockdown on bus and rail services
during the pandemic.

Figure 1. An example of the suburban road network among nine suburbs. This network is a small
segment of the entire suburban road network considered in this study. The complete suburban
network for the whole study region is presented in Figure 2.
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Figure 2. The suburban road network for the entire study area of 137 postal areas. The node size is set
according to their degree centrality values. The edge weight between two suburbs is proportionate to
the number of roads connecting them.

This study used four network centrality measures (degree, closeness, betweenness
and eigenvector) and the coreness measure to analyse the suburban road network. These
measures are briefly defined in Table 1.
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Table 1. Definitions of network analysis measures.

Measurement

Definition

Degree centrality [20]

It indicates the number of edges that are incident to a node. Suburbs with a high degree have
more connections to other suburbs and vice versa.

Closeness centrality [20]

It represents the inverse of the geodesic (or shortest) paths between a node and every other node
in the network. This measure shows the ease of travelling between suburbs. Suburbs with a high
closeness can have faster and easier access to adjacent suburbs.

Betweenness centrality [20]

It represents the number of other nodes that have to travel through a certain node in order to
obtain their shortest path. Suburbs with a high betweenness centrality are in the shortest path of
many other pairs of suburbs.

Eigenvector centrality [20]

It specifies the degree to which a node is linked to other significant nodes. A high eigenvector
centrality for a node means that it is connected to many other nodes that also have a high score.

Core—periphery structure [20]

A coreness score is assigned to each node in the network. A node that is closely linked to other
network nodes has a higher coreness score.

2.3. COVID-19 Severity Measure

This measure indicates the prevalence statistics of COVID-19-infected patients. The
COVID-19 severity is the number of infected patients per 1000 population for a given
suburb. For a suburb with comparatively more COVID-19 cases, the value for this measure
will be higher. Similarly, a lower value for this measure indicates that the underlying
suburb has comparatively fewer COVID-19-infected patients.

2.4. Regression Model

Since this study compares the impact of road networks on COVID-19 severity between
Delta and Omicron variants, we considered the same multiple linear regression (MLR) and
random forest regression (RFR) models previously used by Uddin et al. [2] for the Delta
variant. The following equation represents the basic model.

Severity = f(degree, closeness, betweenness, eigenvector, coreness)

Our study used both MLR and RFR models for the Delta and Omicron data. Herein,
we refer to MLRp and RFRp for the corresponding regression models based on the Delta
data. For the Omicron data, they are MLRp and RFRp. Since we considered the same
LGAs as Uddin et al. [4] and no new road was constructed since their study, the suburban
road network remains unchanged. Hence, the numerical value for corresponding network
measures resulting from this suburban network is unchanged across these four models.
However, the dependent COVID-19 severity measure changes.

2.5. Comparing R-Squared Values

We use the same regression models for modelling Delta and Omicron infectious data.
That means we need to follow an approach to compare R-squared values across two
datasets. For this purpose, we followed the method proposed by Olkin and Finn [21].
According to their proposed method, we first need to determine the standard error (SE) for
R-squared values of the underlying regression model using the following equation.

_ J4R2(1 - R2)(n —k —1)*
SEIZQ%_\/ 2 —1)(n+3)

where 51512{2 is the squared of the SE for the R-squared value of the i model, 7 is the sample

size and k is the number of independent variables.
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We then need to find the difference in the SE . values for i and j* regression models

using the following equation.
SEgs_g2 = /SEIZQ’Z + 51512{]Z

After that, to find the 95% confidence interval (CI) of this measure (SEIZQL R we
i

need to multiply it by 2, since the corresponding ¢ value for a 95% confidence is close to

2 (for df = 120, it is 1.984). If the 95% CI includes 0, there is no statistically significant

difference between the underlying regression models. An inclusion of 0 in the 95% CI of

S E12z27 2 indicates a chance that the confidence could be 0. Otherwise, there is a statistically
i

significant difference between them.

3. Results

All experiments were performed using Python’s Sci-Kit library [22]. The road network
for the entire study area of 137 suburbs is presented in Figure 2. We followed the approach
described in Section 2.2 in constructing this aggregated network.

The multiple linear regression results for the COVID-19 severity measure are presented
in Table 2. According to the p-values, eigenvector centrality is statistically significant at
p < 0.05 for both Delta and Omicron variants. The magnitude of the t-value can be used to
determine the relative importance of the independent variables. On the other hand, degree
centrality is found to be statistically significant only for the Delta variant at p < 0.05. We
noticed that the coefficients” signs are the same in both variants.

Table 2. Multiple linear regression results for the COVID-19 severity measure.

Delta Variant (from [15]) Omicron Variant (This Study)
Coefficient t-Value p-Value  Coefficient  t-Value p-Value

Constant —80.131 —0.970 0.334 6.979 8.50 0.000
Coreness —0.098 0.000 1.000 —4.548 —1.014 0.313
Degree 1.46 x 10° 7.342 0.000 311.898 1.575 0.118
Closeness —5.25 x 10* —0.452 0.652 —968.561 —0.840 0.402
Betweenness ~ —1423.047 —0.819 0.415 —20.138 —1.165 0.246
Eigenvector —1379.437 —3.944 0.000 —7.013 —2.017 0.046

We then compared the R-squared values across multiple linear regression and ran-
dom forest models using Delta and Omicron. The results are presented in Table 3. The
R-squared for the multiple linear regression for the Omicron variant is 0.040. We compared
this R-squared with the R-squared value obtained using the Delta variant data. Since
the approximated 95% confidence interval excludes 0, the difference between these two
R-squared values is statistically significant at p < 0.05. At the same time, the R-squared for
the random forest regression is 0.363 for the Omicron variant. The 95% confidence interval
for R-squared values between the Omicron and Delta variants also does not include 0.
Therefore, the difference in the R-squared values between these two variants is significant
atp < 0.05.
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Table 3. Comparison of R-squared values across models using Delta and Omicron data. The R-
squared values for the Delta variant were taken from Uddin et al. [15]. Since none of the 95%
confidence interval (CI) range values include 0, they are statistically significant at p < 0.05.

R? k n s;sleg SEg: g2 95% CI Sig.
Multiple linear regression
Delta (MLRp) 0.358 5 130 0.0040
: 0.071 0.318 +£0.142  <0.05
Omicron (MLRp) 0.040 5 130 0.0010
Random forest regression
Delta (RFRp) 0.915 5 130 0.0002
; 0.065 0.525+0.130  <0.05
Omicron(RFRp) 0.363 5 130 0.0040

The feature importance specifies which features are important in the underlying model
and aids in a better understanding of the model. Figure 3 shows the feature importance for
both variants. This figure is based on the random forest regression. Degree and eigenvector
centrality measures rank first in the two scenarios, respectively, and both of them are much
greater than the one that comes second.

Delta Omicron

Degree Eigenvector

Eigenvector

Betweenness

Betweenness Degree

Features

Features

Closeness Closeness

Coreness value Coreness value

0.0 01 0.2

©
w

04 05 0.6 000 005 010 015 020 025 030 035 040
Importance Importance

(a) (b)

Figure 3. Feature importance results from the random forest regression for (a) severity for Delta
variant and (b) severity for Omicron variant.

4. Discussion

This study aimed to compare the severity of two COVID-19 variants—Delta and
Omicron—from a network perspective. Extending our previous work on the Delta variant,
here we modelled both variants using the same set of network features to find the model
effectiveness and compare the importance of different features. The model performance
and feature importance also helped us to approximate the underlying dynamics of Delta
and Omicron transmission and people’s mobility during social restrictions.

Table 2 shows that the t-values from multiple linear regression models have the same
positive or negative sign for each network measure across the Delta and Omicron variants.
This broadly shows that the network features affect the severity of both variants similarly
in the same direction. However, the model performance varied considerably between the
variants. The R-squared values from Table 3 indicate that the random forest algorithm
is better than multiple linear regression in model performance and capturing variability.
COVID-19 transmission within a population is non-linear in nature. The different road
connections with neighbouring suburbs make the network features non-uniform. As a
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result, the non-linear property of the random forest algorithm better captured the variability
and performed better. In addition, we can see that the Delta variant had a better R-squared
value than the Omicron variant. This is probably because of the greater transmissibility of
the Omicron variant and the absence of a hard lockdown during the Omicron study period
that led to more frequent human movement transcending neighbouring suburb boundaries.
As a result, the network variables were not effective enough to capture the severity during
Omicron compared to the earlier Delta outbreak period.

We also looked at the feature importance between the variants for multiple linear
regression (Table 2) and random forest regression (Figure 3). The importance measures
reveal some interesting perspectives. Summarily, we can say that degree centrality was a
dominating measure for COVID-19 severity during the Delta variant. On the other hand,
it is mainly eigenvector centrality (as seen in both the MLR and RF models), followed
by betweenness centrality (seen in the RF model), for the Omicron variant. For the Delta
variant, degree centrality is a significant variable in the MLR model and is positioned top
in terms of feature importance in the RF model. Referring to Section 2.2 on how the road
network is constructed, degree centrality corresponds to the number of roads that connect
the suburb with its neighbouring suburbs. Thus, degree centrality stands as a proxy for
human mobility across the suburbs during the Delta outbreak. Although the suburbs were
in lockdown with only emergency movement allowed within a 10 km (later, 5 km) radius,
people could still cross suburb boundaries, as most suburbs are smaller than that. Thus,
we can assume that road connections from immediate neighbourhoods correspond to the
incoming traffic, which correlated with infection rate. Consequently, degree centrality
became the most important feature for the Delta variant.

On the other hand, it is interesting to see eigenvector centrality becoming the most
important feature for the Omicron variant, instead of the more intuitive degree centrality.
From the network perspective, degree centrality concerns the direct connections a suburb
has with its immediate neighbours, while eigenvector centrality measures the influence
within the network. Influence is recursively defined in such a way that neighbours of an
influential node also achieve high scores and thus influence trickles down or diffuses from
highly influential nodes to their neighbours, from these neighbours to their neighbours
and so forth. In our road network perspective, a suburb having high eigenvector centrality
means either it has higher road connectivity with neighbouring suburbs or it is located near
suburbs having high road connectivity, or both. Now, suppose we question why, instead
of the immediate neighbourhood’s degree centrality, the much broader network-position-
based eigenvector centrality became a dominant network feature for the Omicron variant.
In that case, we need to look at two potential reasons—transmissibility of the variant and
restriction measures during that time. The Omicron variant is much more transmissible
compared to the Delta variant. In separate studies from Denmark and Japan, researchers
estimated that Omicron is 3.19 to 4.2 times more transmissible than Delta [23]. For the
Omicron research period of early February 2022, Sydney did not have any lockdown or
movement restrictions in place. Thus, we can assume that people’s movement was not
restricted to immediate neighbouring suburbs. Instead, they might have moved multiple
times for daily activities. As a result, Omicron’s severity risk factor was probably not
confined within the immediate neighbourhood, but a strategic position within or near
highly connected suburbs mattered more, as people’s mobility was unrestricted. That
explains why Omicron had eigenvector centrality as the dominant feature. In addition,
with similar reasoning (albeit with a lesser effect due to lockdown), we can see why
eigenvector was the second most important feature after degree centrality for the Delta
variant (Figure 3 from RF; MLR for the Delta variant also showed eigenvector centrality to
be significant, as shown in Table 2).

This study considered only one-week infection data for the Omicron variant, since
the COVID-19 cases remained relatively stable during the corresponding data collection
period. Consideration of more Omicron data (e.g., four weeks instead of one week) could
change the parameter values of the models we applied. However, it is improbable that
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the inclusion of any such additional Omicron data would make any changes to the model
significance values.

We noticed a significant difference in the performance of regression models between
the Delta and Omicron variants (Table 3). The R-squared values (for both MLR and
RF models) based on the Delta data are higher than those from the Omicron data. This
difference is statistically significant at p < 0.05. As mentioned earlier, Omicron is much more
transmissible than Delta. Such high transmissibility would lead to more Omicron infections
among nearby people (e.g., living within the same suburb and next-door neighbours). This
will eventually weaken our network measures in explaining the variability of COVID-19
severity across suburbs that have different values for network measures.

5. Conclusions

This study revealed how network features from suburban road networks vary in
terms of importance between Delta and Omicron outbreak severity. Most interestingly,
we observed that underlying factors, e.g., lockdown and variant transmissibility, affected
the network dynamics. Depending on these, connectivity (degree centrality) or structural
position (eigenvector centrality) dominated regression and random forest models. This
could be very insightful in modelling any potential future pandemics. In addition, it would
be interesting to include other modes of public transportation (e.g., rail network and bus
transit network) in the dataset to better fit the model. For the Omicron variant especially,
when there was no lockdown, the inclusion of other transportation modes into the network
might improve the model’s performance.

Author Contributions: S.U., originator of the idea, conceptualization, data collection, data analysis,
writing and critical review; H.L., data collection, data analysis, writing and critical review; A K., data
collection; S.K., data collection and writing; F.Z., data collection and writing. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Informed Consent Statement: Due to the nature of the data sources, informed consent was not
required for this study.

Data Availability Statement: This study obtained research data from two publicly available
sources: NSW Government’s COVID-19 data and statistics, and online map services (Google
Maps and OpenStreetMap).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wang, C.; Han, J. Will the COVID-19 pandemic end with the Delta and Omicron variants? In Environmental Chemistry Letters;
Springer: Berlin/Heidelberg, Germany, 2022; pp. 1-11.

2. Uddin, S;; Khan, A.; Lu, H.; Zhou, E; Karim, S. Suburban Road Networks to Explore COVID-19 Vulnerability and Severity. Int. J.
Environ. Res. Public Health 2022, 19, 2039. [CrossRef] [PubMed]

3. WHO. Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 10 March 2022).

4. He, S;; Han, J; Lichtfouse, E. Backward Transmission of COVID-19 from Humans to Animals May Propagate Reinfections and Induce
Vaccine Failure; Springer: Berlin/Heidelberg, Germany, 2021; pp. 763-768.

5. Murray, C.J.L. COVID-19 will continue but the end of the pandemic is near. Lancet 2022, 399, 417—419. [CrossRef]

6.  Yadav, PD,; Sapkal, G.N,; Ella, R.; Sahay, R R.; Nyayanit, D.A.; Patil, D.Y.; Deshpande, G.; Shete, A.M.; Gupta, N.; Mohan, VK.; et al.
Neutralization of Beta and Delta variant with sera of COVID-19 recovered cases and vaccinees of inactivated COVID-19 vaccine
BBV152/Covaxin. J. Travel Med. 2021, 28, taab104. [CrossRef] [PubMed]

7. Zhang, M,; Xiao, J.; Deng, A.; Zhang, Y.; Zhuang, Y.; Hu, T,; Li, J.; Tu, H,; Li, B.; Zhou, Y,; et al. Transmission Dynamics of
an Outbreak of the COVID-19 Delta Variant B.1.617.2—Guangdong Province, China, May—June 2021. China CDC Wkly. 2021,
3, 584-586. [CrossRef]

8.  Stowe, J.; Andrews, N.; Gower, C.; Gallagher, E.; Utsi, L.; Simmons, R.; Thelwall, S.; Tessier, E.; Groves, N.; Dabrera, G.; et al.

Effectiveness of COVID-19 Vaccines against Hospital Admission with the Delta (B.1.617.2) Variant. Available online: https:
/ /go.nature.com/3gnqwxr (accessed on 10 March 2022).


http://doi.org/10.3390/ijerph19042039
http://www.ncbi.nlm.nih.gov/pubmed/35206227
https://covid19.who.int/
http://doi.org/10.1016/S0140-6736(22)00100-3
http://doi.org/10.1093/jtm/taab104
http://www.ncbi.nlm.nih.gov/pubmed/34230972
http://doi.org/10.46234/ccdcw2021.148
https://go.nature.com/3gnqwxr
https://go.nature.com/3gnqwxr

Int. |. Environ. Res. Public Health 2022, 19, 6551 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

Puhach, O.; Adea, K.; Hulo, N.; Sattonnet-Roche, P.; Genecand, C.; Iten, A.; Bausch, EJ.; Kaiser, L.; Vetter, P.; Eckerle, .; et al.
Infectious viral load in unvaccinated and vaccinated patients infected with SARS-CoV-2 WT, Delta and Omicron. medRxiv 2022.
[CrossRef]

Li, B;; Deng, A.; Li, K;; Hu, Y,; Li, Z,; Shi, Y.; Xiong, Q.; Liu, Z.; Guo, Q.; Zou, L.; et al. Viral infection and transmission in a large,
well-traced outbreak caused by the SARS-CoV-2 Delta variant. Nat. Commun. 2022, 13, 460. [CrossRef] [PubMed]

Bjorkman, K.K.; Saldi, T.K.; Lasda, E.; Bauer, L.C.; Kovarik, J.; Gonzales, PK,; Fink, M.R,; Tat, K.L.; Hager, C.R.; Davis, ].C.; et al.
Higher viral load drives infrequent severe acute respiratory syndrome coronavirus 2 transmission between asymptomatic
residence hall roommates. J. Infect. Dis. 2021, 224, 1316-1324. [CrossRef] [PubMed]

Chen, J.; Wang, R.; Gilby, N.B.; Wei, G.W. Omicron variant (B.1.1.529): Infectivity, vaccine breakthrough, and antibody resistance.
J. Chem. Inf. Model. 2022, 62, 412—-422. [CrossRef] [PubMed]

Chen, J.; Wang, R.; Wang, M.; Wei, G.W. Mutations strengthened SARS-CoV-2 infectivity. J. Mol. Biol. 2020, 432, 5212-5226.
[CrossRef] [PubMed]

Dupont, L.; Snell, L.B.; Graham, C.; Seow, J.; Merrick, B.; Lechmere, T.; Maguire, T.J.; Hallett, S.R.; Pickering, S.; Charalampous, T.; et al.
Neutralizing antibody activity in convalescent sera from infection in humans with SARS-CoV-2 and variants of concern.
Nat. Microbiol. 2021, 6, 1433-1442. [CrossRef] [PubMed]

Sarkodie, A.S.; Owusu, P.A. Impact of meteorological factors on COVID-19 pandemic: Evidence from top 20 countries with
confirmed cases. Environ. Res. 2020, 191, 110101. [CrossRef] [PubMed]

Xu, R;; Rahmandad, H.; Gupta, M.; DiGennaro, C.; Ghaffarzadegan, N.; Amini, H.; Jalali, M.S. The modest impact of weather and
air pollution on COVID-19 transmission. Lancet Planet. Health 2020, 5, e671-e680. [CrossRef]

Census QuickStats. Australian Bureau of Statistics: 2016 Census QuickStats. 2021. Available online: https:/ /quickstats.censusdata.
abs.gov.au/census_services/getproduct/census/2016/quickstat/POA2190?0opendocument (accessed on 10 March 2022).
Health & Wellbeing. NSW Launches Mandatory RAT Reporting System with $1000 Fines if People Don’t Use It. 2022. Available
online: https://7news.com.au/lifestyle/health-wellbeing /how-to-report-positive-rat-results-service-nsw-launches-mandatory-
system-for-rapid-antigen-tests-c-5273283 (accessed on 10 March 2022).

The Straits Times. Omicron Now 90 Per Cent of Cases in Australian State, Says Health Chief. 2022. Available online: https:
/ /www.straitstimes.com/asia/australianz/omicron-now-90-per-cent-of-cases-in-australian-state-says-health-chief (accessed on
10 March 2022).

Wasserman, S.; Faust, K. Social Network Analysis: Methods and Applications; Cambridge University Press: New York, NY, USA,
1994; Volume 8.

Olkin, I; Finn, J.D. Correlations redux. Psychol. Bull. 1995, 118, 155-164. [CrossRef]

Pedregosa, F; Varoquaux, G.; Gramfort, A.; Michel, V,; Thirion, B.; Grisel, O.; Blondel, M.; Prettenhofer, P.; Weiss, R.; Dubourg, V.; et al.
Scikit-learn: Machine learning in Python. J. Mach. Learn. Res. 2011, 12, 2825-2830.

Ito, K.; Piantham, C.; Nishiura, H. Relative instantaneous reproduction number of Omicron SARS-CoV-2 variant with respect to
the Delta variant in Denmark. J. Med. Virol. 2021, 94, 2265-2268. [CrossRef] [PubMed]


http://doi.org/10.1038/s41591-022-01816-0
http://doi.org/10.1038/s41467-022-28089-y
http://www.ncbi.nlm.nih.gov/pubmed/35075154
http://doi.org/10.1093/infdis/jiab386
http://www.ncbi.nlm.nih.gov/pubmed/34302469
http://doi.org/10.1021/acs.jcim.1c01451
http://www.ncbi.nlm.nih.gov/pubmed/34989238
http://doi.org/10.1016/j.jmb.2020.07.009
http://www.ncbi.nlm.nih.gov/pubmed/32710986
http://doi.org/10.1038/s41564-021-00974-0
http://www.ncbi.nlm.nih.gov/pubmed/34654917
http://doi.org/10.1016/j.envres.2020.110101
http://www.ncbi.nlm.nih.gov/pubmed/32835681
http://doi.org/10.1016/S2542-5196(21)00202-3
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/POA2190?opendocument
https://quickstats.censusdata.abs.gov.au/census_services/getproduct/census/2016/quickstat/POA2190?opendocument
https://7news.com.au/lifestyle/health-wellbeing/how-to-report-positive-rat-results-service-nsw-launches-mandatory-system-for-rapid-antigen-tests-c-5273283
https://7news.com.au/lifestyle/health-wellbeing/how-to-report-positive-rat-results-service-nsw-launches-mandatory-system-for-rapid-antigen-tests-c-5273283
https://www.straitstimes.com/asia/australianz/omicron-now-90-per-cent-of-cases-in-australian-state-says-health-chief
https://www.straitstimes.com/asia/australianz/omicron-now-90-per-cent-of-cases-in-australian-state-says-health-chief
http://doi.org/10.1037/0033-2909.118.1.155
http://doi.org/10.1002/jmv.27560
http://www.ncbi.nlm.nih.gov/pubmed/34967453

	Introduction 
	Materials and Methods 
	Data 
	Construction and Analysis of Suburban Road Networks 
	COVID-19 Severity Measure 
	Regression Model 
	Comparing R-Squared Values 

	Results 
	Discussion 
	Conclusions 
	References

