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INTRODUCTION

Motivation

• Since the discovery of LD only
limited progress has been made
concerning the epidemiology of
sporadic cases.

• For selected outbreaks air con-
ditioning and potable water sys-
tems were confirmed as point
sources of community-acquired
LD.

Challenges

• Measuring the associations be-
tween water quality and LD inci-
dence has remained challenging
due to the heterogeneity of water
systems over the geographically
large study areas.

• While seasonal trends in inci-
dence have already been linked
to increased rainfall and warmer
temperatures, the geographic
units remained large.

• Large areas caused large dis-
tances between weather stations
and the actual locations of re-
ported cases.

• The goal is to explore the rela-
tionships of incidence with rain-
fall and temperatures on a more
accurate scale.

Study

• Retrospective ecological study in
Washington, DC using monthly
reported cases of LD from 2001 to
2019 together with meteorologi-
cal and water quality data.

• This study aimed to ascertain
if changes in municipal or sur-
face water components concen-
trations as well as meteorologi-
cal factors and their seasonality
were associated with the increase
in sporadic cases of LD.

DATA SUMMARIES
The raw summaries of case counts (Panel A) and box and whisker plots
both monthly across all studied years (Panel B) and yearly across all months
within each year (Panel C).
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The raw summaries of case counts by year (Table 1) and monthly across
years (Table 2).

DATA SOURCES

• Reported Cases in Washington,
DC from January 2001 to Decem-
ber 2019 were obtained from the
CDC Notifiable Infectious Dis-
ease Data Tables. The cases re-
ported by the CDC are defined as
clinically compatible which have
laboratory confirmed infections.

• Water quality measurements
were obtained from the US
Army Corps monthly reports.
The records from January 2001
to December 2019 included
measurements from surface
water of the Potomac River and
the treated water from Dalecarlia
and McMillan treatment plants.

• Surface water measurements
included pH, concentrations
of nitrate, orthophosphate,
manganese, strontium, barium,
nickel, total organic carbon,
turbidity, aluminum, zinc, and
iron.

• Treated water measurements
included pH, concentrations
of nitrate, orthophosphate,
manganese, strontium, barium,
nickel, total organic carbon, tur-
bidity, aluminum, total coliform,
heterotrophic plate count (HPC),
zink, iron, and chlorine.

• Meteorological data were
obtained from the National
Oceanographic and Atmo-
spheric Association Global
Summary of the Day generated
reports. Data from Reagan Air-
port monitoring station adjacent
to Washington, DC were used
for the analysis.

MOTIVATION

• The municipality of Washington,
DC was selected to overcome
the challenge of large geographic
units.

• Study area is located in the
Northeastern Mid-Atlantic re-
gion which had a history of out-
breaks earlier.

• Study area is geographically ho-
mogenous and is located within
the same climatic region with
precise meteorological data.

• Study has only a single source of
municipal water drawn from the
Potomac River during 2001-2019.

• Washington, DC maintained de-
tailed water quality records of
both surface water and water
processed by treatment plants.

• Since LD is a reportable disease,
cases for Washington, DC were
aggregated and reported weekly
by the CDC.

RESULTS
The pairwise relationships between the considered predictors of interest and for the
logit and log components of the model.
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Binomial Fit (O vs 1 and up) vs Precipitation (cm)
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Binomial Fit (O vs 1 and up) vs Wind Speed (m/s)
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1) Seasonality. LD incidence with the majority of cases from June to December.
The largest number of cases were August, October and November.

2) Temperature. Increase was associated with the presence of LD incidence.

3) Surface water. The increase in concentrations of manganese, iron and stron-
tium were positively associated and for aluminum and orthophosphate were
negatively associated with LD incidence.

4) Treatment plant water. The increase in concentrations of total organic carbon,
aluminum, barium and chlorine were positively associated and strontium,
zinc and orthophosphate were negatively associated with the LD incidence.

5) The results for orthophosphates and turbidity were ambiguous and addi-
tional studies were recommended for those compounds.

ANALYSIS

• Hurdle versions of Poisson and
negative binomial models were
used for the analysis.

• In the hurdle model, there are
two components:

i) The binary hurdle component,
which accounts for excessive ze-
roes in the distribution (i.e. it
models zeroes vs. non-zeroes)
with the logit link.

ii) The truncated Poisson (or nega-
tive binomial) distribution which
is used for the remaining counts
starting from one (i.e. omitting
zero) with the log link.
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INTRODUCTION

Background

• Numerous country-specific fac-
tors could potentially influence
the behavior of COVID-19, some
of which are easier to collect and
analyze than others.

• This study uses statistical and
machine learning tools to an-
alyze potential links between
COVID-19 dynamics and char-
actersitics of 42 European coun-
tries.

• Europe was selected for the case
study due to the high hetero-
geneity of studied characteris-
tics, availability and accessibility
of sociodemographic and migra-
tion data.

Six categories of characteristics

• COVID-19 incidence & mortality
data.

• COVID-19 Vaccination.

• SARS-CoV-2 variants of concern
(VOCs) genetic diversity data.

• Pre-pandemic cross-country mo-
bility.

• Population Health Data.

Life expectancy.

Cardiovascular disease death.

Diabetes.

Adult obesity prevalence.

• Socio-demographic data.

Fertility rate.

Median age.

Population density.

GDP per capita.

Human development index (HDI).

Hosp. beds per 1000.

Prop. of individuals in poverty.

COUNTRY CLUSTERING
Multidimensional scaling for COVID-19 incidence and mortality.

Hierarchical clustering trees for COVID-10 mortality and Mobility Data 2011-2016.
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METHODS
The analysis was performed in the
following steps:

1) Computations of pairwise
(pseudo)-distances between
countries for different data types
with subsequent standardization
of the distance matrices by its
maximum element.

2) The distance matrices for each
data category were used inde-
pendently to perform the hier-
archical clustering analysis and
to produce the hierarchical clus-
tering trees using the “average”
clustering rule.

3) Quantification of agreement be-
tween clusterings for different
data types was investigated us-
ing cophenetic correlation and
Baker’s Gamma correlation.

4) The summaries of cophenetic
correlation and Baker’s Gamma
correlation were visualized us-
ing correlation plots and corre-
sponding graphs.

DATA SUMMARIES
The raw weekly standardized cumula-
tive COVID-19 incidence and mortality.
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C
um

m
ul

at
iv

e 
C

ou
nt

s 
(S

ta
nd

ar
di

ze
d 

by
 P

op
ul

at
io

n)

Albania
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France

Georgia
Germany
Greece
Hungary
Iceland
Ireland
Italy
Latvia
Lithuania
Luxembourg
Malta
Moldova
Montenegro
Netherlands
North Macedonia

Norway
Poland
Portugal
Romania
Russia
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Turkey
Ukraine
United Kingdom

20
20

−0
1−

21

20
20

−0
2−

04

20
20

−0
2−

18

20
20

−0
3−

03

20
20

−0
3−

17

20
20

−0
3−

31

20
20

−0
4−

14

20
20

−0
4−

28

20
20

−0
5−

12

20
20

−0
5−

26

20
20

−0
6−

09

20
20

−0
6−

23

20
20

−0
7−

07

20
20

−0
7−

21

20
20

−0
8−

04

20
20

−0
8−

18

20
20

−0
9−

01

20
20

−0
9−

15

20
20

−0
9−

29

20
20

−1
0−

13

20
20

−1
0−

27

20
20

−1
1−

10

20
20

−1
1−

24

20
20

−1
2−

08

20
20

−1
2−

22

20
21

−0
1−

05

20
21

−0
1−

19

20
21

−0
2−

02

20
21

−0
2−

16

20
21

−0
3−

02

20
21

−0
3−

16

20
21

−0
3−

30

20
21

−0
4−

13

20
21

−0
4−

27

20
21

−0
5−

11

20
21

−0
5−

25

20
21

−0
6−

08

20
21

−0
6−

22

20
21

−0
7−

06

20
21

−0
7−

20

20
21

−0
8−

03

20
21

−0
8−

17

20
21

−0
8−

31

20
21

−0
9−

14

20
21

−0
9−

28

20
21

−1
0−

12

20
21

−1
0−

26

20
21

−1
1−

09

20
21

−1
1−

23

20
21

−1
2−

07

20
21

−1
2−

21

20
22

−0
1−

04

20
22

−0
1−

18

20
22

−0
2−

01

20
22

−0
2−

15

0
82

95
16

59
0

24
88

6
33

18
1

41
47

6

A

COVID−19 Standardized Cumulative Mortality
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The cumulative proportions of deaths
in infections. Median is 0.93%.
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B

DATA ANALYSIS
The pairwise summaries between the hierarchical clustering trees for differ-
ent data sources using the the cross-correlation distance (CCD) metric.
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Correlations for Trees (Cophenetic)                              Correlations for Trees (Baker)B

The edges correspond to strong correlations (exceeding the threshold of
0.25). The width of an edge represents the corresponding correlation value.
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GEN

INC

MOR

VAC

MOB PH−SD

PH

SD

Graph of Links for  ρ > 0.25  (Baker)B

• GEN - COVID-19 Genetic Diversity (Strain
Distribution Distance)

• INC - COVID-19 Incidence (Cross-
Correlation Distance)

• MOB - mobility Data,

• MOR - COVID-19 Mortality (Cross-
Correlation Distance)

• PH - population health data

• SD - socio-demographic data

• PH-SD - population health and socio-
demographic data

• VAC - COVID-19 Vaccinations (Cross-
Correlation Distance)

RESULTS

• COVID-19 mortality clustering
was only linked to population
health clustering.

• No strong link was identified be-
tween COVID-19 mortality clus-
tering and COVID-19 vaccina-
tion clustering.

• COVID-19 incidence clustering
was linked with multiple charac-
teristics including i) population
health, ii) VOCs genetic diver-
sity, and iii) socio-demographic
clusterizations.

• COVID-19 incidence and vacci-
nation clusterizations were mod-
erately linked.

• VOC genetic diversity clus-
tering was associated with
inter-country mobility and
socio-demographic data cluster-
ing.

• Vaccination clustering was
strongly associated with popula-
tion mobility clustering.
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