
Journal of Medical Science 2022;91(1) 7

Comparison of Hand Eczema Search Terms in Iraq 
Before and During SARS-CoV-2 Pandemic Using 
Frequentist Statistics and Polynomial Models

O R I G I N A L  PA P E R

Ahmed Al-Imam
Department of Computer Science and Statistics, 
Faculty of Medicine, PUMS Doctoral School, Poznan 
University of Medical Sciences, Poland
Department of Anatomy and Cellular Biology, College 
of Medicine, University of Baghdad, Iraq
Barts and The London School of Medicine and Dentistry, 
Queen Mary University of London, the United Kingdom.

 https://orcid.org/0000-0003-1846-9424

Corresponding author: ahmed.al.imam@student.ump.edu.pl

Nada Al-Ward
Department of Community Medicine, College 
of Medicine, University of Baghdad, Iraq
Middle East Regional Offi ce, World Health Organization

� alwardn@yahoo.com

Manal M. Younus
Iraqi Pharmacovigilance Center, Ministry of Health, Iraq
Middle East Chapter, International 
Society of Pharmacovigilance

 https://orcid.org/0000-0001-9475-5700

Omar Aimer
International Society of Pharmacovigilance, Canada

 https://orcid.org/0000-0002-0874-486X

Ali K. Al-Shalchy
Neurosurgical Unit, Department of Surgery, College 
of Medicine, University of Baghdad, Iraq; The 
Royal College of Surgeons, United Kingdom

� ali_alshalchy@yahoo.com

 DOI: https://doi.org/10.20883/medical.e615

Keywords: digital epidemiology, online systems, 
pharmacovigilance, spatio-temporal analysis, 
web search

Published: 2022-03-31

How to Cite: Al-Imam A, Al-Ward N, Younus MM, Aimer O, 
Al-Shalchy AK. Comparison of Hand Eczema in Iraq Before 
and During SARS-CoV-2 Pandemic Using Frequentist Sta-
tistics and Polynomial Models. Journal of Medical Science. 
2022;91(1);e615. doi:10.20883/e615

© 2022 by the author(s). This is an open access article distributed 
under the terms and conditions of the Creative Commons Attri-
bution (CC BY-NC) licencse. Published by Poznan University of 
Medical Sciences

ABSTRACT

Introduction. SARS-CoV-2 pandemic spread around the world exponentially. People use disinfectants exces-
sively as a form of protection from the novel coronavirus, which may result in contact eczema. This, in turn, 
may be monitored by the local health authorities. Our study explores the internet in order to detect signifi -
cant changes in online information search behaviors associated with eczema in Iraq during the pandemic. 
Material and Methods. We searched the internet, via Google Trends, using fi ve search terms; " ", " ",
" ", " ", and " "; these are the Arabic translation for "eczema", "the eczema", "hand eczema", 
"alcohol", and "disinfectant". We explored the temporal mapping covering two years, before and during the 
pandemic, using frequentist statistics, polynomial models, and neural networks to evaluate the time series 
which reflects web users' information-seeking behavior with regard to these terms.
Results. Spatial mapping conveyed data from six Iraq governorates, including Ninawa, Babil, Al-Najaf, Bagh-
dad, Basrah, and Erbil. Basrah governorate had the highest score (interest) for the search term "the ecze-
ma" ( ), while Al-Najaf had the highest score regarding the search term "disinfectant" ( ). Tempo-
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Introduction

Pharmacovigilance comprises the science and 
activities of detecting, assessing, understand-
ing, and preventing adverse effects of drugs or 
drug-related problems [1]. Since its global expan-
sion in the 1960s, following the thalidomide trag-
edy and for many drug safety interventions, such 
as drug withdrawals, labeling changes, and pre-
scription restrictions, the aforementioned branch 
of science shows an exponential progression and 
importance in health programs. This, in turn, has 
led, over the last decade, to a fast evolution of 
regulation with more requirements from health 
authorities [2, 3]. In fact, the advancement of the 
internet, social media, and digital health data 
contributed to an additional increase of safety 
and effectiveness data, and have been acceler-
ated by the current global pandemic due to the 
novel coronavirus 2019 (2019-nCoV). Addition-
ally, the collection, detection, and assessment of 
the increasing safety data can be facilitated using 
artifi cial intelligence.

Since the initial reports of the Wuhan outbreak, 
the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) pandemic has been spread-
ing around the world at an alarmingly exponential 
rate [4, 5]. As of 25 February 2022, the confi rmed 
infections exceeded 432,505,813 worldwide and 
2,299,767 in Iraq [4]. Complications related to the 
illness claimed the lives of over 5,950,376 globally 
and 24,948 in Iraq [4.] Furthermore, SARS-CoV-2 
affected nations from developed and develop-
ing countries; the most affected to date in total 
(cumulative) cases included the United States, 
India, Brazil, France, United Kingdom, Russia, 
Germany, Turkey, Italy, and Spain [4]. As a top pri-
ority for the global health agenda, scientists suc-
cessfully developed several effective vaccines, 
including Pfi zer–BioNTech (BNT162b2), Moderna 
(mRNA-1273), and AstraZeneca (AZD1222) [6-8]. 

However, novel mutant strains of the coronavi-
rus disease 2019 (COVID-19) emerged, including 
those discovered in the United Kingdom (α vari-
ant), the delta variant (δ) in India, and the most 
recent omicron (Ο) variant in South Africa [9]. 
Until the vaccination campaign is extended to 
the entire world population and novel variants of 
the virus stopped to emerge – which is unlikely 
– the fi rst preventive measures, such as social 
distancing, personal protective equipment, and 
hand disinfection must be maintained. In fact, 
new variants may persistently emerge and evade 
vaccine-induced immunity and the proclaimed 
natural "herd immunity". 

People worldwide have been using disinfec-
tants, including alcohol, as a form of protection 
from the novel coronavirus. Eczema (dermatitis), 
specifi cally contact eczema of the hand, are der-
matological conditions that can manifest due to 
the overzealous use of those chemicals; none-
theless, Minamoto et al. (2016) carefully cited 
that chemical additives – such as sodium lau-
reth sulfate (SLES) – may account for inducing 
an eczematous skin reaction, rather than alco-
hol itself [10]. Eczema may manifest as an acute 
or chronic condition, which mandates medical 
treatment to prevent subsequent complications, 
including those affecting the manual skills, which 
in turn may drastically impair the quality of life, 
particularly in the elderly [11]. We refer to every-
day activities where we use our hands to manipu-
late physical objects, write, draw, and many other 
functions. The hand represents the prehensile, or 
grasping "organ", of human beings and primates. 
Therefore, the conditions affecting the musculo-
skeletal or motor anatomical units of the hand, its 
skin, or the haptic sensory feedback mechanisms 
may handicap, or reduce the functional capacity 
of the hand and its derived manual skills.

Our study aims to explore the internet by 
searching for adverse events (AE) terms related 

ral mapping exhibited high variability, the highest of which was for the "the eczema" ( ) and "alcohol" 
( ). Exploring the time series using polynomial models demonstrated a weak power over the two years. 
However, in the course of the pandemic year, all models possessed moderate power.
Conclusions. Changes in the human behavior during pandemic events are of prime importance for the phar-
macovigilance experts. Pandemics may affect medical conditions, including hand eczema, as a manifesta-
tion of disinfectants overuse. Combining statistics and artifi cial intelligence facilitates screening, detecting, 
and collecting pharmacovigilance safety data.
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to eczema, dermatitis, and disinfectants, in order 
to investigate the specifi c spatial-temporal pat-
terns before and during the pandemic. Our pri-
mary objective is to detect signifi cant changes 
in web search queries connected with eczema in 
Iraq that may relate to the overzealous use of dis-
infectants during the pandemic. We believe that 
the current study is essential for health offi cials 
at the Iraqi Ministry of Health and local pharma-
covigilance authority. Using frequentist inference 
and artifi cial intelligence methods, our study may 
provide novel insights on the importance of the 
digital knowledge and safety data available via 
the world wide web to predict future trends dur-
ing the pandemic, parallel phenomena, as well as 
safety surveillance of the pharmaceutical prod-
ucts [12-15].

Materials and Methods

We searched the internet, via Google Trends, 
using fi ve search terms: " ", " ",
" ", " ", and " " [16]. These terms 
are the Arabic language translation for "ecze-
ma", "the eczema", "hand eczema", "alcohol", 
and "disinfectant". We explored the web in the 
span of two years, one year before and one year 
during the pandemic, from 17th November 2018 
to 17th November 2020, in order to compare the 
pre-pandemic versus the pandemic year (era) 
in connection with our study objectives. The 
date 17th November 2019 marks the emergence 
of SARS-CoV-2 in Wuhan in China [4, 5]. The 
authors know that the term "alcohol" is not lim-
ited to alcohol used for medicinal purposes and 
disinfection, and thus can also refer to alcoholic 
drinks and beverages. However, from the cultural 
standpoint, Iraqis do not refer to the latter cate-
gory as "alcohol". Instead, they would rather refer 
to brand names, commercial, and public names 
from their native language. 

We deployed the Shapiro-Wilk test to evaluate 
the normality distribution. Spearman's rank-order 
correlation was used to test potential signifi cant 
correlations among search terms (web queries). 
The independent samples Mann-Whitney U test 
(nonparametric testing) compared the pre-pan-
demic versus the pandemic year. Polynomial 
modeling for each search term was conveyed 
to anticipate if the model properly fi ts the time 

series, representing web users' online informa-
tion search behavior concerning the fi ve terms of 
interest. A calculated probability of less than 0.05 
(p-value < 0.05) was considered the cut-off mar-
gin for statistical signifi cance. We processed the 
raw data with Microsoft Excel 2016 with Analysis 
ToolPak add-in, and we conducted data analytics 
and machine learning with IBM Statistical Pack-
age for the Social Sciences (SPSS) version 26. 

We implemented the supervised machine 
learning using multilayer perceptron (MLP) neural 
networks based on the scaled conjugate gradient 
optimization algorithm and a default SPSS allo-
cation of the training set and testing set at 70% 
and 30%, respectively. The MLP procedure uses 
a feedforward architecture – data only moves 
from input nodes through the hidden layer of 
nodes to output nodes – to produce a model for 
dependent (outcome) variables based on the val-
ues of one or more independent variables (pre-
dictors). The feedforward neural network repre-
sents a prototypical form of artifi cial neural net-
works (ANN). MLP generates synaptic weights 
and independent variables importance analysis. 
As opposed to the descendant and recurrent neu-
ral networks, in feedforward ANN connections 
between the nodes do not form a cycle. 

Concerning the raw data, there were enough 
data points for each variable to train the neu-
ral network without overfi tting. When consid-
ering the holistic period, there were 105 entries 
(data points) and 52 versus 53 data points for the 
pre-pandemic versus the pandemic period. None-
theless, overfi tting may also occur, as we consid-
er the case of Iraq, not an aggregate of countries. 
The temporal resolution was one week at a time 
(weekly intervals); exploring Google Trends on 
a year-by-year basis provided the weekly-based 
temporal intervals.

The research did not mandate ethical approv-
al, since we worked on open data publicly avail-
able on the internet via the Google Trends engine, 
and the study involves no patients.

Results

Geographic (spatial) mapping, based on the anal-
ysis of the raw data retrieved from Google Trends 
website revealed forty countries with interest in 
the topic of the AE term "eczema" ( ), the top 
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twenty of which included France, Malaysia, Sin-
gapore, Pakistan, Switzerland, Nigeria, Italy, Viet-
nam, Brazil, Saudi Arabia, New Zealand, United 
Kingdom, Kenya, Canada, Philippines, Hong Kong, 
Bangladesh, Australia, United Arab Emirates, and 
Ireland. Only three countries from the Arab world 
contributed to the spatial map, involving Saudi 
Arabia, United Arab Emirates, and Egypt. The top 
ten countries of highest interest in disinfectants 
comprised Brazil, Japan, Indonesia, Italy, Saudi 
Arabia, Egypt, Germany, Bangladesh, Switzerland, 
and Hong Kong. Iraq's spatial mapping conveyed 
data from six governorates, including Ninawa, 
Babil, Al-Najaf, Baghdad, Basrah, and Erbil. In 
contrast, data connected with the search term 
" " (hand eczema) were completely absent 
due to the inherent limitations of Google Trends 
itself. Basrah governorate had the highest score 
(interest) for the search term " " (the ecze-
ma), while Al-Najaf had the highest score for the 
search term " " (disinfectant). 

On the other hand, temporal mapping (Figure 
1) exhibited high variability, the highest of which 
was for the search terms " " (the eczema) 
(mean = 17.67 +/- standard error of mean = 1.773) 
and " " (alcohol) (15.58 +/- 1.655), while 
the lowest of which was for the search terms 
" " (eczema) (12.12 +/- 1.211), " " (dis-

infectant) (8.49 +/- 1.141), and " " (hand 
eczema) (1.47 +/- 0.437). We deployed polynomi-
al modeling to explore the temporal variabilities 
within the time series for each search term (Table 
1); we interpreted the strength of the correlation 
between time (x-axis, predictor variable), as well 
as the online information search behavior (y-ax-
is, dependent variable) per the correlation coeffi -
cient. For the holistic period (two years), all mod-
els had a weak power with an exception for the 
model describing the temporal mapping of the 
search term " " (alcohol) (R2 score = 0.164; 
Correlation Coeffi cient = 0.406). Similarly, during 
the pre-pandemic year, all search terms present-
ed models of weak power except for the search 
term " " (the eczema) (R2 score = 0.109; Cor-
relation Coeffi cient = 0.330). However, during the 
pandemic year, the models for each search term 
showed a moderate power (Table 1). 

Using the Shapiro-Wilk test, none of the search 
terms had a normal distribution (p-value < 0.001), 
and the statistical outliers existed during Febru-
ary 2019, May and June 2019, August and Sep-
tember 2019, November 2019, February to June 
2020, and August to October 2020. The highest 
number of statistical outliers was for the search 
term " " (hand eczema), and these were 
mainly clustered in the pandemic during April 

* x = time, y = interest over the surface web.
** Pre-Pandemic (17th November 2018 to 17th November 2019), and pandemic (17th November 2019 to 17th November 2020).

Figure 1. Temporal Mapping of the Online Information Search Behaviour
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2020, June 2020, August 2020, and October 2020. 
For the holistic period, bivariate correlations con-
fi rmed the existence of a statistically signifi cant 
correlation for " " (the eczema) versus " " 
(disinfectant) (Spearman's rho Correlation Coef-
fecient = 0.221, p-value = 0.024) and " " (the 
eczema) versus " " (alcohol) (-0.268, 0.006). 
Nonetheless, each of these two correlations had 
a weak effect size. During the pre-pandemic peri-
od, there was only one signifi cant correlation, 
although also of weak effect size, for the search 
term " " (eczema) versus " " (hand 
eczema) (Spearman's rho Correlation Coeffe-
cient = 0.291, p-value = 0.037). For the pandemic 
period, there was a statistically signifi cant cor-
relation for " " (the eczema) versus " " 
(disinfectant) (Spearman's rho Correlation Coef-
fecient = 0.359, p-value = 0.008) and " " (the 

Table 1. Polynomial Models

Era Parameter Order of Polynomial 
Function

R2 Score Correlation 
Coeffi cient

Correlation Coeffi cient 
Strength

Pre-Pandemic & 
Pandemic

 
(alcohol)

6th 0.164 0.406 Moderate

 
(eczema)

6th 0.058 0.241 Weak

 
(hand eczema)

6th 0.049 0.221 Weak

(disinfectant)
6th 0.040 0.199 Weak

(the eczema)
6th 0.039 0.198 Weak

Pre-Pandemic
(the eczema)

6th 0.109 0.330 Moderate

 
(eczema)

6th 0.072 0.296 Weak

(disinfectant)
6th 0.080 0.283 Weak

 
(alcohol)

6th 0.056 0.236 Weak

 
(hand eczema)

6th 0.052 0.229 Weak

Pandemic  
(alcohol)

6th 0.258 0.508 Moderate

(disinfectant)
6th 0.234 0.484 Moderate

(the eczema)
6th 0.176 0.420 Moderate

 
(eczema)

6th 0.1405 0.375 Moderate

 
(hand eczema)

6th 0.123 0.351 Moderate

* x = time, y = interest over the surface web. 
** Pre-Pandemic (17th November 2018 to 17th November 2019), and pandemic (17th November 2019 to 17th November 2020).

eczema) versus " " (alcohol) (-0.271, 0.049), 
of moderate and weak effect size, respectively 
(Table 2). Furthermore, nonparametric testing via 
the Mann-Whitney U test for the pre-pandem-
ic versus the pandemic year detected a signifi -
cant difference for one search term only, " " 
(alcohol), which is in favor of the pandemic year 
(p-value = 0.036) (Table 3 and Figure 2).

Considering the previous statistical inference 
and the existing evidence within the dermatol-
ogy literature [17, 18], it is plausible that a caus-
al relationship exists; the pandemic event might 
have affected web users with regard to search-
ing for those fi ve specifi c search terms. We are 
assuming that web queries using the two search 
terms " " (alcohol) and " " (disinfect-
ant), represent or reflect the independent vari-
ables (predictors). In comparison, the remain-
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Table 3. Hypothesis Test Summary: Pre-Pandemic vs. Pandemic

* Pre-Pandemic: 17th November 2018 to 17th  November 2019 and Pandemic: 17th  November 2019 to 17th November 2020
**  (eczema),  (the eczema),  (hand eczema),  (alcohol),  (disinfectant)

Table 2. Nonparametric Bivariate Correlations: Pandemic Era

(eczema) (the eczema) (hand eczema) (alcohol) (disinfectant)
اميزكا
(eczema)

Correlation Coeffi cient 1.000 -.046 .030 .198 -.016
Sig. (2-tailed) . .744 .831 .155 .907

N 53 53 53 53 53
اميزكالا
(the eczema)

Correlation Coeffi cient -.046 1.000 -.026 -.271* .359**

Sig. (2-tailed) .744 . .853 .049 .008
N 53 53 53 53 53

ديلا اميزكا
(hand eczema)

Correlation Coeffi cient .030 -.026 1.000 .031 .012
Sig. (2-tailed) .831 .853 . .823 .931

N 53 53 53 53 53
لوحك
(alcohol)

Correlation Coeffi cient .198 -.271* .031 1.000 .162
Sig. (2-tailed) .155 .049 .823 . .245

N 53 53 53 53 53
رهطم
(disinfectant)

Correlation Coeffi cient -.016 .359** .012 .162 1.000
Sig. (2-tailed) .907 .008 .931 .245 .

N 53 53 53 53 53

* Correlation is signifi cant at the 0.05 level (2-tailed).
** Correlation is signifi cant at the 0.01 level (2-tailed).

ing three terms that are related to AE terms con-
cerning eczema and hand eczema represent the 
dependent variables (outcomes). Accordingly, 
we conducted a supervised machine learn-

ing model (Table 4), via neural networks for the 
holistic period, for which, the predictors' impor-
tance analysis conveyed higher importance for 
" " (alcohol) (importance = 0.569, normalized 
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Table 4. Supervised Machine Learning: Model Summary

Training Sum of Squares Error 106.648
Average Overall Relative Error 1.001
Relative Error for Scale Dependents  (eczema) .994

 (the eczema) .993
 (hand eczema) 1.017

Stopping Rule Used One consecutive 
step(s) with no 

decrease in error a

Training Time 0:00:00.03
Testing Sum of Squares Error 47.896

Average Overall Relative Error .981
Relative Error for Scale Dependents  (eczema) .969

 (the eczema) 1.004
 (hand eczema) .947

a – Error computations are based on the testing sample

* Pre-Pandemic: 17th November 2018 to 17th November 2019 
** Pandemic: 17th November 2019 to 17th November 2020

Figure 2. Hypothesis Testing: Pre-Pandemic vs. Pandemic for Search Term " " (alcohol)

importance = 100.0%) than " " (disinfectant) 
(0.431, 75.7%). In terms of the pre-pandemic year, 
the neural networks validated somewhat similar 
results for " " (alcohol) (importance = 0.523, 

normalized importance = 100.0%) and " "
(disinfectant) (0.477, 91%). As for the pandem-
ic year, the independent variables' importance 
also assigned a weight that is higher for " " 



Journal of Medical Science 2022;91(1)14

(alcohol) (importance = 0.547, normalized impor-
tance = 100.0%) compared to " " (disinfectant) 
(0.453, 82.9%). 

Discussion 

The temporal mapping provided much data con-
cerning our study objectives. Furthermore, we 
could map the temporal variations connected 
with the search terms with a higher temporal 
resolution, using polynomial models, during the 
pandemic. Bivariate correlations existed before 
and during the pandemic; however, the corre-
lations were radically different. Contrary to our 
pre-study anticipation, AE search terms related 
to eczema and hand eczema did not signifi cantly 
differ before and during the pandemic. Neverthe-
less, the web users searched signifi cantly more 
for the term " " (alcohol) during the pandem-
ic. Thus, these results may indicate a signifi cant 
increase in alcohol use for disinfection, although 
not a signifi cant increase in eczema and hand 
eczema cases in Iraq during the pandemic. ANN 
analytics verifi ed potential causality between the 
terms related to disinfectants as well as those 
related to the AE terms of eczema. 

Statistical analyses for the pandemic period 
confi rmed that there was a statistically signifi -
cant correlation for " " (the eczema) versus 
" " (disinfectant) (Spearman's rho Correlation 
Coeffecient = 0.359, p-value = 0.008). Addition-
ally, a signifi cant increase was observed in the 
search volume for alcohol during the pandemic 
compared to the pre-pandemic. Furthermore, 
each of the polynomial models became strong-
er (moderate strength) when compared to the 
pre-pandemic, in which most of the models (4/5, 
80%) had a weak strength (Table 1). According-
ly, the COVID-19 pandemic might have induced 
a change in human behavior, including online 
information search behavior reflected as the web 
search volume on the Google Trends website. Our 
study does not provide much concerning positive 
fi ndings; besides, the calculated effect size was 
weak most of the time. Nonetheless, the effect 
size can vary from one country to another, bear-
ing in mind the population size and other demo-
graphic parameters. Our research represents 
a piece of supporting evidence which may com-
plement and guide future studies worldwide. 

Machine learning is a subfi eld of computer 
science which learns patterns from data without 
providing explicit programming instructions to 
create algorithms intended to perform a specifi c 
task [12]. As a modality of narrow artifi cial intelli-
gence (nAI), machine learning represents a pow-
erful tool for researchers which can substantially 
reduce the considerable burden on the health-
care system and the economy during the pan-
demic [19]. Non-clinical research methods, such 
as machine learning, data mining, deep learning, 
and other nAI modalities may also facilitate the 
diagnosis and prognosis for SARS-CoV-2 pan-
demic patients. Few other studies discussed the 
condition of hand eczema during the COVID-19 
pandemic, including Singh et al. (2020) and Bil-
charz et al. (2020). In fact,they demonstarted that 
overzealous use of sanitizers and frequent hand 
washing might cause hand eczema due to a dis-
rupted skin barrier. Additionally,they also report-
ed an increasein the incidence of new-onset hand 
eczema within the general population due to the 
overzealous hand hygiene [17, 18]. In parallel with 
the previously mentioned studies, we emphasize 
the integration of ML and nAI with classical (fre-
quentist) statistics for studying the digital epide-
miology and the spatio-temporal analysis of the 
pandemic and collateral phenomena [20–24]. 

The rationale for implementing machine learn-
ing relies on fi ve elements: (1) Collateral – sup-
porting – evidence based on machine learning 
algorithms. (2) An alternative method to classi-
cal data analytics. (3) Reconciliation of frequen-
tist inference with neural networks models. (4) 
A form of convergent thinking, dealing with digital 
epidemiological research questions from alter-
native perspectives. (5) A supporting method for 
future research in pharmacovigilance, pharma-
cotherapy, dermatological sciences, and digital 
epidemiology.

One of the study limitations is that the pan-
demic could have limited access to the healthcare 
institutions to some extent, and this would con-
sequently result in the need to search for alterna-
tive solutions to health problems and diseases via 
the internet. Nonetheless, in Iraq, the healthcare 
system – as in all developing countries – is dif-
ferent and much inferior to that of the developed 
world, including Poland and the European Union. 
Another limitation was the inability to differenti-
ate whether the search for alcohol was related 
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to medicinal alcohol, or to alcoholic beverages; 
hence, some false-positive results are possi-
ble. However, we believe that alcoholic drinkers 
in Iraq might search for alternate terms, such as 
" " (beer) and " " (gin), rather than the term 
" " (alcohol) per se. Moreover, another limita-
tion is the absence of Arabic combined terminol-
ogy for the search term " " (hand eczema), 
which also reflects the built-in limitations of the 
Google Trends website itself. We are aware that 
our study may only be considered as the sup-
porting (collateral) evidence due to the nature of 
the study design, intrinsic (inherent) limitations 
of the Google Trends website, and the potential-
ly non-specifi c mapping terms used to explore 
the spatiotemporal mapping of data from Google 
Trends. Therefore, subsequent robust pre-clinical 
and clinical research is mandatory to confi rm our 
hypotheses and observations. Additionally, Goog-
le Trends also possesses inherent limitations 
and restrictions; for instance, the search results 
available through Google Trends are anonymous 
and only reflect individuals with internet access, 
potentially excluding specifi c groups of interest, 
for example, the elderly, terminally ill patients, the 
disabled, and underprivileged groups who lack 
access to the internet in low- and middle-income 
countries [25]. Furthermore, Google Trends only 
conveys relative numbers – a relative interest at 
a percentile scale – and there is no offi cial way yet 
to access real absolute numbers. Google Trends 
also derive data from web users utilizing Google 
search engine only; therefore, web queries based 
on other search engines, including DuckDuckGo, 
Ecosia, Dogpile, WolframAlpha, Gigablast, Start-
page, and Qwant, will not be mapped.

Our research has other limitations inherent to 
the observational study design, including a lower 
level of evidence than the experimental or qua-
si-experimental studies, hence it is prone to bias-
es and confounding variables, and the reduced 
capacity to infer causality. Additionally, web users 
may avoid being tracked while surfi ng the web. 
Internet users can rely on internet protocol (IP) 
masking, virtual private networks (VPN), VPN 
applications, or utilizing web browsers and engines 
dedicated to anonymous internet use, includ-
ing Tor browser and DuckDuckGo search engine 
[26]. Furthermore, web users in certain countries, 
such as the People's Republic of China (PRC), are 
obliged to use alternative national search engines 

due to the governmental policies and regulations; 
for instance, Baidu is the dominant internet search 
engine company in the PRC [27].

The fi ndings can be summarized into 1) COV-
ID-19 pandemic has impacted the manner in 
which disinfectants are used, which might result 
in adverse events, such as eczema and dermatitis 
due to disinfectants overuse, or because of chem-
ical additives in alcohol. 2) Due to the pandemic, 
online information-seeking behavior has become 
more evident and manifested as Google Trends' 
search volume, which is one way to understand 
the magnitude of the problem. 3) Using artifi cial 
intelligence may facilitate the screening, detect-
ing, and collecting safety data, extending to other 
health products. 

During the pandemic, changes in human 
behavior, including online information search 
behavior, are of prime importance, not only to 
sociologists and psychologists, but also to phy-
sicians, epidemiologists, and pharmacovigilance 
specialists. Therefore, four key messages can be 
highlighted: 1) Pandemics, as rare events, might 
affect medical conditions which indirectly relate 
to the event itself, as in the case of hand eczema 
as a manifestation of disinfectants overuse. 2) 
Dermatologists can collaborate with data scien-
tists to realize the applicability of big data for evi-
dence-based pharmacovigilance. 3) Digital data 
are worthy of exploration from epidemiological 
and pharmacovigilance perspectives to guide the 
subsequent research of the higher level-of-evi-
dence hierarchy, including randomized controlled 
trials and meta-analytic studies. 4) Our research 
methodology and results can be regarded as sup-
porting evidence for the subsequent aggregate 
studies worldwide. 
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