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A R T I C L E  I N F O A B S T R A C T

Background

We aim to study the utility of Google Trends search 
history data for demonstrating if a correlation may 
exist between web-based information and actual 
coronavirus disease 2019 (COVID-19) cases, as well 
as if such data can be used to forecast patterns of 
disease spikes.

Patients & methods

Weekly data of COVID-19 cases in Pakistan was re-
trieved from online COVID-19 data banks for a peri-
od of 60 weeks. Search history related to COVID-19, 
coronavirus and the most common symptoms of dis-
ease was retrieved from Google Trends during the 
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same period. Statistical analysis was performed 
to analyze the correlation between the two data 
sets. Search terms were adjusted for time-lag 
over weeks, to find the highest cross-correlation 
for each of the search terms.

Results

Search terms of ‘fever’ and ‘cough’ were the most 
commonly searched online, followed by corona-
virus and COVID. The highest peak correlations 
with the weekly case series, with a 1-week back-
log, was noted for loss of smell and loss of taste. 
The combined model yielded a modest perfor-
mance for forecasting positive cases. The linear 
regression model revealed loss of smell (adjust-
ed R2 of 0.7) with significant 1-week, 2-week and 
3-week lagged time series, as the best predictor 
of weekly positive case counts.

Conclusions

Our local analysis of Pakistan-based data seem-
ingly confirms that Google trends can be used as 
an important tool for anticipating and predict-
ing pandemic patterns and pre-hand prepared-
ness in such unprecedented pandemic crisis.



INTRODUCTION

Pakistan is a low-income country in the subcon-
tinent and also one of the most overpopulated 
countries in the world, with a high prevalence 
of communicable diseases. Pakistan ranks 154th 
out of 189 countries, with Human Development 
Index value of 0.557 (1). Due to high population 
densities, lack of skilled medical personnel and 
resources, low literacy rate and budgetary con-
straints, among other reasons, Pakistan’s health-
care system is especially vulnerable to epidemic 
infectious disease, and coronavirus disease 2019 
(COVID-19) is unfortunately not an exception to 
this rule. 

Pakistan has earlier struggled with controlling 
other life-threatening infectious diseases such 
as dengue, hepatitis, acquired immunodeficien-
cy syndrome (AIDS) and so forth, and has lost 
thousands of lives because of this (2,3,4). This 
has led researchers to believe that the risk for 
COVID-19 morbidity and mortality may be high-
er in Pakistan compared to other worldwide 
countries (5). The lack of resources, such as test 
assays, has made it imperative for low-income 
countries (like Pakistan) to identify reliable al-
ternatives to mass COVID-19 testing, so that the 
spread of disease could be curbed before be-
coming unmanageable for society, government 
and healthcare system. 

Since COVID-19 has put more pressure on an al-
ready overburdened and underfunded health-
care system, diagnostic testing for severe acute 
respiratory disease coronavirus 2 (SARS COV-2) 
infections has been vastly limited. This has po-
tentially led to an underestimation of COVID-19 
prevalence in the country (6). However, this 
problem is not only limited to Pakistan and oth-
er developing countries. Most clinical laborato-
ries worldwide, up to 80%, have reported facing 
difficulties in SARS-COV-2 testing, while more 
than half reported shortage of supplies needed 
for routine molecular testing (52%) (7). Hence, a 
substitute for diagnostics is needed, that could 
accurately mirror COVID-19 epidemiology in 
specific geographical areas. In a study conduct-
ed by Ginsberg et al, internet search-engine 
query data was used to predict the course of 
influenza in the United States (8). This surveil-
lance method provided positive results in non-
English speaking countries as well. Studies have 
correlated the data from Europe, China, Korea 
and Taiwan with Google Trends for COVID-19 
and other epidemic diseases, such as influenza 
(9, 10). Hence, the application of Google Trends 
to track disease progression has a far-reaching 
influence for countries across the globe, re-
gardless of their location or language. It is also 
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cost-effective, timesaving and does not carry 
any substantial economical or organizational 
burdens the healthcare system. Therefore, 
we ideally conceive that Google Trends may 
have the potential to assess the prevalence of 
COVID-19 in Pakistan and anticipate new waves 
of infection. 

A survey conducted in Pakistan showed that 
nearly half (45%) of patients search about their 
health-related concerns on the Internet (11). 
Hence, using epidemiological data from Google 
trends could significantly represent the Pakistani 
population. Google search terms regarding key 
symptoms, such as loss of taste and loss of 
smell, may help in predicting the epidemiologi-
cal trajectory of COVID-19 (12,13). Olfactory and 
gustatory dysfunctions have a strong association 
with COVID-19 patients, with anosmia show-
ing the highest correlation (14). Tracking these 
symptoms can be a feasible and viable means 
for assessing the prevalence of COVID-19 and 
effectively target the government response. 

This study was hence designed to assess the po-
tential utility of Google search trends focused 
on COVID-19 symptoms (including anosmia and 
dysgeusia), in projecting the trajectory of the lo-
cal pandemic outbreak in Pakistan through cor-
relation with ongoing COVID-19 statistics.

MATERIAL AND METHODS

In order to avoid daily variations in the positiv-
ity rate, the number of weekly COVID-19 con-
firmed cases in Pakistan were retrieved from 
OurWorldInData.org, powered by the Johns 
Hopkins Coronavirus Resource Center (15). 
The data was further confirmed from the of-
ficial website of the Ministry of National Health, 
Pakistan (16,17). This information was retrieved 
for a period between March 15, 2020 and June 
15, 2021. Data was acquired from Google Trends 
(Google Inc., Mountain View, CA), using the 

following search terms, encompassing the most 
representative symptoms in COVID-19: fever, 
cough, headache, shortness of breath, taste loss 
and hearing loss, along with other virus-related 
keywords such as ‘COVID-19’, ‘coronavirus’, ‘vi-
rus’ and ‘COVID. A weekly Google Trends score 
was obtained for each keyword on a scale of 
100 points, reflecting the cumulative number of 
Google searches during the previous week. The 
maximum attainable score of 100 was defined 
as the highest search volume during the study 
period for a particular search.

The study was conducted in accordance with the 
Declaration of Helsinki, under the terms of rel-
evant local legislation. This analysis was based 
on electronic searches in unrestricted, publicly 
available repositories, such that no informed 
consent or ethical committee approvals were 
needed.

STATISTICAL ANALYSIS

Statistical analysis was carried out using Microsoft 
Excel for Windows (2016) and R Software (version 
4.0.2; R Foundation for Statistical Computing). 
Correlation analysis for individual search terms 
was used for assessing the time lags which gen-
erated the maximum achievable correlations 
between the weekly positive cases and Google 
trends timeline. The corresponding P values and 
95% confidence intervals (CIs) were also calculat-
ed. A P value <0.05 was considered as statistically 
significant. 

To calculate the quantitative effect of Google 
Trend score increment on subsequent rise in 
weekly cases, time series linear regression anal-
ysis was performed, and the time lag with maxi-
mum predictive value was computed. Adjusted 
R2 values and graphic analysis was undertaken 
to assess the combined model performance of 
positivity rate forecasting compared against na-
tional surveillance data.

http://OurWorldInData.org
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RESULTS

The highest overall trend value for the study 
duration was achieved for fever (n=3036), fol-
lowed by cough (n=2120), Coronavirus (n=1669), 
COVID (n=1417), headache (n=1284), COVID-19 
(n=333), virus (n=329), shortness of breath 
(n=257), loss of smell (n=129) and loss of taste 
(n=106) respectively. From all searched terms, 
fever and cough during second week of June 
and last week of May 2021 attained the highest 
Google trend value of 100.

 

Time-series linear regression analysis is pro-
vided in Figure 1(a-e) and 2, summarizing the 
effects of the Google Trends search series when 
adjusted for the monthly trend of an increase in 
positive cases.

The linear regression model revealed loss of 
smell (adjusted R2 of 0.7) with the significant 
1-week, 2-week and 3-week– lagged time series, 
as the best predictor of weekly positive case 
counts, as further elaborated in Table 3 and 
Figure 1(a-e). The combined model yielded an 
excellent performance for forecasting positive 
cases with adjusted R2 value of 0.83 as shown in 
Figure 2 and Table 2.

DISCUSSION

The results of our study demonstrate the exis-
tence of a statistically significant positive corre-
lation between Google search terms and overall 
COVID-19 positivity rate in Pakistan. This was es-
pecially evident for search terms such as ‘fever’, 
‘smell loss’, ‘taste loss’ and ‘shortness of breath’, 
with a time lag of 2 weeks, while for ‘cough’ and 

Table 1 Cross-correlation analysis between weekly number of  COVID-19 cases 
in Pakistan with Google Trends scores for suggestive symptoms

Search term Optimal lag Correlation p-value

Fever -2 0.437 <0.001

Headache -8 0.349 0.005

Smell loss -2 0.561 <0.001

Cough -3 0.260 0.035

Taste loss -2 0.618 <0.001

Shortness of breath -2 0.289 0.019

Coronavirus -3 -0.326 0.008

COVID -1 0.501 <0.001

COVID-19 -7 -0.353 0.004

Virus -4 0.322 0.009
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Figure 1    
(a-e)

Time-series linear regression analysis for weekly number of  COVID-19 
in Pakistan with Google Trends scores for suggestive symptoms



eJIFCC2021Vol32No4pp421-431
Page 426

S. Ahmed, M. Abbas Abid, M. H. Santos de Oliveira, Z. Ansar Ahmed, A. Siddiqui, I. Siddiqui, L. Jafri, G. Lippi
Ups and downs of COVID-19: forecasting the burden of COVID-19 in Pakistan with Google Trends



eJIFCC2021Vol32No4pp421-431
Page 427

S. Ahmed, M. Abbas Abid, M. H. Santos de Oliveira, Z. Ansar Ahmed, A. Siddiqui, I. Siddiqui, L. Jafri, G. Lippi
Ups and downs of COVID-19: forecasting the burden of COVID-19 in Pakistan with Google Trends

Table 2 Adjusted R2 based on time-series linear regression analysis 
for the combined model for weekly number of  COVID-19  
in Pakistan with Google Trends scores

Estimate Std. Error p-value

Month 798.4 204.1 <0.001

Fever (Lagged -2) 219.1 66.5 0.002

Taste Loss (Lagged -1) 1478.9 480.2 0.003

Taste Loss (Lagged -3) 1717.6 507.2 0.001

Covid (Lagged -1) 237.8 50.0 <0.001

Covid-19 (Lagged -7) -1725.8 420.5 <0.001

Adjusted R2 0.83
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Table 3 Adjusted R2 based on time-series linear regression analysis 
for weekly number of  covid-19 in Pakistan with Google Trends 
scores for suggestive symptoms

Symptom Adjusted R2

Fever 0.36

Cough 0.44

Headache 0.60

Loss of smell 0.70

Loss of taste 0.70

Figure 2 Time-series linear regression analysis for the combined model 
for weekly number of  covid-19 in Pakistan with Google Trends
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‘coronavirus’ the time lag was 3 weeks. This 
model can hence successfully predict an in-
crease in COVID-19 cases 2-3 weeks ahead of 
official diagnosis, thus allowing government and 
healthcare system to adapt and be prepared for 
the oncoming burden.

Google Trends is a useful tool for forecasting both 
healthcare and non-healthcare related epidemi-
ological trends. The freely available data can help 
health authorities to anticipate increases in de-
mands of testing capacity, as well as treatment 
facility, including availability of hospital beds, ox-
ygen supply, access to ventilators and availability 
of adequate number of physicians and ancillary 
staff.

Although this study is a first-of-its-kind based in 
Pakistan, other countries have successfully used 
Google Trends to predict changes in the ongo-
ing COVID-19 pandemic outbreak. Cherry et al. 
studied Google Trends data for 137 regions from 
5 different countries, reporting that pathogno-
monic symptoms such as anosmia and dysgeu-
sia can accurately predict the future incidence 
patterns of COVID-19 (12). Henry et al. reported 
similar results in Poland (18). In another study, 
Lippi et al. also describe significant associations 
of fever, fatigue and dyspnea with the COVID-19 
outbreaks in Italy (19). The same group report-
ed that the correlation between Google search-
es and COVID-19 cases became stronger with a 
lag of 2 weeks, as compared to the same week 
(13). The results of these studies are hence in 
keeping with the findings of our Pakistan-based 
analysis. The use of Google Trends in health pol-
icy making and management of pandemic could 
be especially useful for low-middle income 
countries (LMIC) like Pakistan, where resources 
are limited and strict and timely management 
of these resources can help curb the increasing 
pandemic.

The model we developed could be hence used 
in other LMIC, to direct resources where most 

required. Although our study utilized data from 
the whole country, region specific data can also 
be used to focus resources to regions which re-
quire them the most in near future.

The limitations of our study include the limited 
use of internet decrease literacy rate in develop-
ing countries. Also, the internet use behavior can 
be influenced by media communications, and 
possibly serve as a cofounder. Increased knowl-
edge about self-reported symptoms can also de-
crease the use of internet for searching COVID-
related information.

CONCLUSION

Google Trends is an effective tool for forecast-
ing trends of the ongoing COVID-19 pandemic 
outbreak. We found a high correlation between 
Google searches for COVID-19 symptoms and 
diagnoses of SARS-CoV-2 infection, which can 
be used to direct resources where required or 
needed. Such data can help government author-
ities and health policy-making agencies to make 
well-informed decisions related to imposition of 
lockdown and provision of resources. Utilizing 
such data can help developing countries like 
Pakistan streamline their efforts against the pan-
demic and possibly prepare of outbreaks before 
the actually happening to minimize morbidity 
and mortality as well financial losses that may 
pursue.



Data availability statement
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