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Abstract—The undisputed assumption during the COVID-19
pandemic was that the isolated pathogen SARS-COV-2 was
spreading worldwide at lightning speed with the same mortal
effects across the world. Under this assumption, synchronized
death time series should be expected, however previous results
show that COVID-19 mortality time series fall tino very definitive
clusters that remain stable under various feature extraction
and clustering approaches. Hence, this assumption needs to be
reexamined. The research question in this paper is the existence
of associations between the intervention measures, namely the
social control measures and the massive vaccination programs,
and the actual COVID-19 mortality time series. To this end we
carry out the spectral clustering of the countries over each of
these time series after dimensionality reduction by non-negative
matrix factorization (NNMF). Then we look for the maximal
intersection between clusters based on each intervention measure
and mortality based clusters. The rationale is that clusters of
countries based on intervention measures (Vaccination doses,
Stringency Index) should greatly overlap with mortality clusters
if these measures had any influence on mortality due to COVID-
19. Hence, the size of these intersections can be interpreted
as a measure of the association between intervention measures
and mortality. After exhaustive exploration, the results are
disappointing, showing that there is little association between
Stringency Index policies and COVID-19 mortality outcomes.
Also, we found little association between Vaccination doses and
COVID-19 mortality outcomes.

I. INTRODUCTION

In the frantic response to the COVID-19 pandemic, Ma-
chine Learning and similar predictive approaches have been
mostly applied to predict the individual patient risks for
severe disease [1], [2], [5]. Most epidemiological researchers
have focused on the daily prediction of the number cases
applying epidemiological models [6], classical statistical tools
as well as Machine Learning and Deep Learning tools [7]. The
enforced scientific consensus was that a single well isolated
and identified pathogen (SARS-COV-2) was the sole cause of
the disease label COVID-19 that has been tagged to patients
by hospital administration across the globe.

Recent retrospective analysis papers [12], [13] have shown
that there is a wide heterogeneity of COVID-19 mortality time
series patterns that can be clustered or aggregated following
different temporal templates, with small differences in the
groupings achieved according to the specific analysis proce-
dure. However, some clusters of countries appear recurrently

in the results of the diverse cluster analysis techniques. The
most salient example being the western Europe countries.
This regularity hints to the existence of latent cultural and
political variables conditioning the pandemic response and
consequently the pattern of COVID-19 mortality time series.
Additionally, early results pointing to the difficulty of detecting
a pathogen diffusion process even within countries that closed
their borders early [14] do not fit in the enforced scientific
consensus, which includes that there is only one feasible
strategy to cope with the pandemics, namely social control
measures, and mass vaccination with warp speed approval new
generation vaccines.

This paper assumes that mortality time series per country
provide a more definitive account of the evolution of the
pandemic than the cases found by diverse testing procedures,
some rules of thumb, or by doctor intuition. In the early waves
of the pandemic, doctors in Spain did diagnosed COVID-19
through phone calls or mobile applications without seeing the
patient [3], specially in retirement homes. Coding a decease as
COVID-19 has a single confuser which is whether the death
was due to COVID-19 or COVID-19 has been incidentally
diagnosed but it was not the main cause of death [9]. Nev-
ertheless, the differences in coding criteria may influence the
final death toll attributed to the pandemic. In this regard, some
studies do consider that many countries in Africa and Asia did
not counted properly the death, so they extrapolate a regression
model predicting a much higher number of deaths in those
countries [8], in this light the catastrophic results in USA
do not stand out below the performance of poor countries.
Contrary to this view, we take the reported deaths at face value
and we try to find clusters of mortality patterns in time that can
be associated with underlying conditions in the management
of the pandemic response.

The work in this paper tries to assess the association
between intervention measures and the actual COVID-19
patterns. Intervention measures are of two kinds: (a) non-
pharmaceutical measures implementing social control in order
to stop the spread of the virus, which has been quantified by a
Stringency Index, and (b) the vaccination efforts measured by
the number of doses per million persons in the country. The
approach in this paper is that patterns of intervention measures
should correspond to patterns of mortality.

To this end, we apply Non-negative Matrix Factorization
(NNMF) in order to find latent components of the mortality
and the intervention time series per country that provide a
basis for a reduced dimensionality representation of these
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Abstract

• COVID-19	mortality	time	series	is	not	uniform	across	countries
• Intervention	measures	(control	stringency,	vaccines)	have	been	
similar,	but	not	uniform
• We	look	for	association	between	intervention	measures	and	COVID-
19	mortality
• Intersection	between	clusters	of	countries	discovered	independently	over	the	
COVID-19	mortality	and	each	intervention	measure

• We	find	little	association	between	mortality	and	intervention	
measures
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Materials	and	methods

• Data	
• “Our	world	in	data”	(OWID)	is	a	web	site	devoted	to	the	publication	of	
relevant	data	for	the	pressing	geopolitical	and	economic	questions.	It	is	
hosted	by	the	University	of	Oxford	
• “new_deaths_smoothed_per_million”	
• “stringency	index”
• “new_vaccine_doses_smoothed_per_million”	

• From	1/1/2020	up	to	1/1/2023
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Materials	and	methods

• NNMF:	Non-Negative Matrix Factorization
• is a	mathematical technique used for decomposing a	non-negative matrix V
into the product of	two lower-dimensional	matrices,	W and	H both non-
negative
• useful for data	analysis,	feature extraction,	and	topic modeling
• MatrixW represents the basis vectors or features,	and	
• matrix H represents the coefficients for combining these features to	
reconstruct the original	data.	
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Materials	and	methods

• Spectral	clustering
• Spectral	clustering	 is	a	machine	learning	technique	used	for	partitioning	a	
dataset	into	meaningful	and	homogeneous	clusters.	
• The	second	eigenvector	of	the	Laplacian	of	the	data	samples	similarity	graph	
provides	the	optimal	graph	cut.	
• In	this	paper,	spectral	clustering	is	applied	over	coefficients	of	NNMF	to	
cluster	countries	into	different	latent	topics	
• This	process	is	carried	out	independently	for	each	kind	of	time	series.

• i.e.	we	find	clusters	according	to	mortality,	stringency	index	and	vaccine	doses	
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Materials	and	methods

• Overall	processing	pipeline
• is	a	grid	search	over	the	number	of	NNMF	components	and	clusters	of	time	
series	looking	for	the	number	that	achieves	the	maximal	intersection	of	
clusters	of	countries	in	the	range	4:14.	
• The	rationale	of	this	process	is	that	if	an	intervention	measure	has	any	
influence	on	the	mortality	from	the	virus,	then	clusters	of	countries	with	
similar	intervention	measures	patterns	should	be	similar	to	clusters	with	
similar	mortality	patterns.	
• This	second	degree	similarity	should	correspond	to	the	association between	
intervention	measures	and	mortality.	
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Algorithm 1 Grid search for the selection of the optimal numbers N⇤ and C
⇤ of NNMF components, and clusters, respectively,

for the Stringency Index and the Vaccine doses maximizing the in intersection with per million deaths clusters.
1) For N = 4 : 14 and C = 4 : 14

a) Extract N NNMF components from the Stringency Index time series.
i) Compute the NNMF feature extraction of the Stringency Index time series, denote this collection of feature

vectors SI(N)

b) Extract N NNMF components from the Vaccination doses time series.
i) Compute the NNMF feature extraction of the Vaccination doses time series, denote this collection of feature

vectors V (N)

c) Extract N NNMF components from the per million death time series.
i) Compute the NNMF feature extraction of the per million death time series, denote this collection of feature

vectors PMD(N)

d) Compute the spectral clustering of SI(N) into C clusters. Each cluster contains countries with similar Stringency
Index policies.
i) Denote the collection of country clusters as SI(N,C)

e) Compute the spectral clustering of V (N) into C clusters. Each cluster contains countries with similar patterns of
Vaccination policies.
i) Denote the collection of country clusters as V(N,C)

f) Compute the spectral clustering of PMD(N) into C clusters. Each cluster contains countries with similar patterns
of mortality along the pandemic.
i) Denote the collection of country clusters as PMD(N,C)

g) Compute the C ⇥ C matrix of intersections of clusters in SI(N,C) with clusters in PMD(N,C), denoted
I [SI(N,C)].
i) Each entry I [SI(N,C)]

ij
contains the countries that are in cluster i of SI(N,C) and in cluster j of

PMD(N,C).
h) Perform the one-to-one assignment of SI(N,C) clusters into PMD(N,C) clusters ) maximizing the sum of the

cardinality of the intersections in the entries of I [SI(N,C)]. Denote this assignment A [SI(N,C)].
i) Compute the C ⇥ C matrix of intersections of clusters in V (N,C) with clusters in PMD(N,C), denoted

I [V (N,C)].
i) Each entry I [V (N,C)]

ij
contains the countries that are in cluster i of V (N,C) and in cluster j of PMD(N,C).

j) Perform the one-to-one assignment of V (N,C) clusters into PMD(N,C) clusters maximizing the sum of the
cardinality of the intersections n the entries of I [V (N,C)]. Denote this assignment A [V (N,C)].

2) Find the numbers of NNMF components NSI and clusters CSI with maximum value of the sum of cardinalities of the
cluster assignments A [SI(N,C)].

3) Find the numbers of NNMF components NV and clusters CV with maximum value of the sum of cardinalities of the
cluster assignments A [V (N,C)].

4) Find the number of components and clusters with maximum cardinality of the cluster assignments A_V_PMD(N,C),
denote them N_V and C_V

Index or Vaccination doses) and the death time series. We
think that this process ensures that clusters of patterns are
comparable, in the sense that each cluster in one modality
can not be split or aggregated to accomplish an optimal
assignment. In other words, if we look for C clusters of
Stringency Index policies we should look for the same number
of clusters of death patterns.

III. RESULTS

The grid search for maximal intersection between cluster-
ings of Stringency Index policies and mortality time series
finds a maximum for CSI = 4 and NSI = 6. We found that the
maximal association between Vaccine doses and mortality time
series has its maximum for the same values, namely CV = 4
and NV = 6.

Figure 1 shows the plots of the NNMF mortality compo-
nents which show some features that can be found in the actual
mortality time series, such as the late and slow but persistent
onset first wave of some countries like Brazil, in component
#3, and the early onset of the first wave in April-May 2020 in
the USA-Europe cluster in component #5.

The figure 2 plots the Stringency Index NNMF components.
They have little resemblance to the actual piecewise constant
time series observed for each country, so their interpretation
is not so immediate. For instance, component #6 shows the
early strong response typical of western European countries
but as a smooth peak instead of a piecewise function.

Figure 3 shows the plots of the NNMF vaccination com-
ponents. The vaccination components show typical patterns of
vaccination waves, some starting before January 2021, some
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Results
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Figure 1. NNMF components for the COVID-19 mortality time series, for the number of clusters (CSI = 4) and NNMF components (NSI = 6) showing
maximum intersection between clusters of Stringency index and mortality.

Figure 2. NNMF components for Stringency Index time series for the number of clusters (CSI = 4) and NNMF components (NSI = 6) showing maximum
intersection between clusters of Stringency Index and mortality
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Figure 3. NNMF components for Vaccination doses time series for the number of clusters (NV = 6) and components showing (NV = 6) maximum
intersection between clusters of Vaccination doses and mortality.

Figure 4. Maximal intersection of clusters of Stringency Index and clusters of per million deaths. Countries without color do not appear in any intersection,
therefore the non-pharmaceutical interventions in these countries appear to be not associated with the mortality.

Stringency	index	
patterns

Vaccine	doses	
patterns
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Results
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Figure 3. NNMF components for Vaccination doses time series for the number of clusters (NV = 6) and components showing (NV = 6) maximum
intersection between clusters of Vaccination doses and mortality.

Figure 4. Maximal intersection of clusters of Stringency Index and clusters of per million deaths. Countries without color do not appear in any intersection,
therefore the non-pharmaceutical interventions in these countries appear to be not associated with the mortality.

Maximal intersection of clusters of Stringency Index and clusters of per million deaths. 
Countries without color do not appear in any intersection, therefore the non-pharmaceutical
interventions in these countries appear to be not associated with the mortality. 
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Results 6

Figure 5. Maximal intersection of clusters of vaccination doses and clusters of per million deaths. Countries without color do not appear in any intersection,
therefore the pharmaceutical interventions in these countries appear to be not associated with the mortality.

later in the spring of 2021 typical of Asian countries such as
Japan.

Figure 4 shows the countries that constitute the maximal
association between Stringency Index clusters and mortality
clusters. Countries without color do not appear in any inter-
section, hence their patterns of Stringency Index and mortality
are unrelated. Likewise, figure 5 shows the countries that
constitute the maximal association between vaccination doses
clusters and mortality clusters.

IV. DISCUSSION

The maximal overall association of Stringency Index with
mortality is relatively weak (70 of 200 countries), as it is
the association of vaccination doses with mortality (75 out
of 200 countries). These results point to the consideration
of other factors, such as political, demographic, or cultural
factors, to look for explanations of the actual mortality burden
of the pandemic. This is agreement with the observations
[12], [13] that mortality patterns appear to be aggregated
according to socioeconomic and cultural regions. One of the
most conspicuous is the group of USA and western Europe,
but some asian countries also appear to be naturally similar in
response to the pandemic.

Figure 4 presents the world map of the association of Strin-
gency Index and mortality, shows a big cluster of countries
(red color) encompassing Russian Federation, Canada, India,
Indonesia, South Africa, and some small countries in South
America. In our interpretation, the Stringency Index pattern
of these countries is strongly associated with the mortality
results. We can not assess the direction of this association, in

other words, we can not say if the social control has improved
or worsened the mortality response of the country. That
assessment would required a different detailed causal analysis.
But we can say that these countries applied similar patterns
of social control measures and achieved similar COVID-19
mortality results. On the other hand, there are many countries
where we can not make this assertion. Outstanding are the
western Europe countries, where apparently similar social
control measures produced dissimilar mortality patterns, or the
other way around. Our interpretation is that, at least, there is
no causal effect of the social measures and the actual mortality
patterns. In other words, the social intervention appear to be
irrelevant for the mortality outcomes in these countries.

Figure 5 presents the association of vaccine doses and
mortality. The biggest cluster of intersections (red color)
includes mostly south hemisphere countries (India, Brazil,
Chile, Uruguay, Indonesia, and others) and a few northern
hemisphere countries. The green color cluster includes some
European countries and Mexico. Again, we can not assess the
direction of the association between vaccination and mortality
in these countries, but we can infer that these countries
achieved similar mortality results following similar temporal
patterns of mass vaccination. On the other hand, for most
western European countries and the North America countries
(Canada and the USA) the patterns of mass vaccination appear
to be irrelevant for the mortality patterns.

V. CONCLUSIONS

This paper presents a clustering analysis of the associ-
ation between intervention measures and mortality results

Maximal intersection of clusters of vaccination doses and clusters of per million deaths. 
Countries without color do not appear in any intersection, therefore the pharmaceutical
interventions in these countries appear to be not associated with the mortality. 
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Discussion

• The maximal overall association of	Stringency Index with mortality is
relatively weak (70	of	200	countries),	as	it is the association of	
vaccination doses	with mortality (75	out of	200	countries).	
• These results point to	the consideration of	other factors,	such as	
political,	demographic,	or cultural	factors,	to	look	for explanations of	
the actual	mortality burden of	the pandemic.	
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Discussion

• Regarding the association between stringency index and	mortality,	
• In	the western	Europe countries apparently similar	social	control	measures
produced dissimilar mortality patterns,	or the other way around.	
• Our interpretation is that,	at	least,	there is no	causal	effect of	the social	
measures and	the actual	mortality patterns.	
• In	other words,	the social	control	intervention appear to	be	irrelevant for the
mortality outcomes in	these countries.	
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Discussion

• Regarding	the	association	between	vaccine	doses	and	mortality	
• Most	countries	showed	no	association
• We	can	not	assess	the	direction	of	the	association	between	vaccination	and	
mortality	in	the	few	intersection	countries,	
• but	we	can	infer	that	these	countries	achieved	similar	mortality	results	
following	similar	temporal	patterns	of	mass	vaccination.	
• for	most	western	European	countries	and	the	North	America	countries	
(Canada	and	the	USA)	the	patterns	of	mass	vaccination	appear	to	be	
irrelevant	for	the	mortality	patterns.	

workshop	Artificial	Intelligence	Techniques	for	BioMedicine	and	
HealthCare,	BIBM	2024 15



Conclusions

• In	summary:
• After clustering the countries according to	each of	the kinds of	time	series	(Stringency Index,	
Vaccination doses	per	million,	deaths per	million),	we look	for maximal assignments between
clusters of	each kind,	maximizing cluster intersections.	

• The association strength can	be	measured by the number of	countries found in	these maximal
assignments.	

• Findings
• We have found little overall association between intervention measures and	mortality results,	
only 70	out of	200	countries.	

• This result should allow to	question the blind repetition of	assertions about the efficacy of	
intervention measures that can	be	found in	the literature.	

• many countries show	no	association between intervention measures and	mortality,	hinting to	
the irrelevance of	these measures to	the actual	evolution of	the pandemic mortality toll in	
these countries.	
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