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Abstract
Objective: During COVID-19, the Internet was a prime source for getting relevant
updates on guidelines and desirable information. The objective of the present
study was to determine the nutritional immunity information-seeking behaviour
during COVID-19 in India.
Design: Google Trends (GTs) data on relevant COVID-19 and nutritional topics
were systematically selected and retrieved. Data on newly reported COVID-19
cases were also examined on a daily basis. The cross-correlation method was used
to determine the correlation coefficient between the selected terms and daily new
COVID-19 cases, and the joinpoint regression models were utilised to measure
monthly percent change (MPC) in relative search volumes (RSV).
Setting: Online.
Participants: People using Google search during the period 1 January 2020–31
August 2020 in India.
Results: The date of peak searches can be attributed to the COVID-19 guidelines
announcement dates. All the nutritional terms showed a significant increase in
average monthly percentage change. The higher than the average daily rise in
COVID-19 cases leads to a higher than average increase in RSV of nutritional terms
with the greatest association after 14–27 d. The highest mean relative search vol-
ume for nutritional terms was from Southern India (49·34 ± 7·43), and the lowest
was from Western India (31·10 ± 6·30).
Conclusion: There was a significant rise in the Google searches of nutritional
immunity topics during COVID-19 in India. The local/regional terms can be con-
sidered for better outreach of public health guidelines or recommendations.
Further automation of Google Trends using programming languages can help in
real-time monitoring and planning various health/nutritional events.
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Worldwide 3·4 billion people have access to the Internet, and
India is the second largest country with trending 749 million
Internet users. Catalysts for this magnitude of Internet access
includes low-cost mobile data availability and the usefulness
of smartphones over desktops and tablets(1). The Internet
gives instant access to an enormous amount of information,
and infodemiology has been used to assess human behav-
iours related to the COVID-19 pandemic(2). During pandemic
situations, the most feasible source of information is televi-
sion, the Internet, and telephone, etc. The accessibility of
the Internet has affected our social lives along with dietary
and lifestyle behaviours by providing immediate access to a
huge amount of information. The COVID-19 outbreak has

brought drastic changes in human behaviour. People are div-
ing intoGoogle searches to understand their wants and needs
for staying healthy in the current situation(3). In response to
the increased COVID-19 cases, the lockdown was imple-
mented across various countries, and the Internet was the
only valuable tool for accessing health-related information
about immunity-boosting nutrients and vaccines, enhancing
their self-efficacy in fighting against the virus(4). Immune
boosting was a trending topic correlated with the coronavirus
pandemic due to people’s heightened concern of developing
a fighting fit immune system(5). The pandemic has also
affected the content explored by Internet users, and
Internet services rise from 40 to 100%(6).
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World Health Organization (WHO)(7), FAO(8), UNICEF(9) as
well as national institutions like National Institute of Nutrition
(NIN)(10), The Ministry of Ayurveda, Yoga, Naturopathy,
Unani, Siddha, Sowa-Rigpa and Homoeopathy (AYUSH)(11),
and Food Safety and Standards Authority of India (FSSAI)(12)

have issued guidelines such as physical distancing, facial cover,
proper sanitisation, healthy eating tips to stop the spread of
SARS-CoV-2. General awareness and awareness about guide-
lines issued during COVID-19(8,11–13) requires an assessment to
determine the impact of nutritional guidelines and recommen-
dations. Determining the nutritional information-seeking
behaviour was more challenging during pandemic lockdown
situations. The usability of the Internet and other contactless
methods was the only source to spread awareness and infor-
mation during COVID-19.

Currently, limited data are available on how the COVID-19
pandemic affects our dietary and lifestyle-related behaviours.
Therefore, Google Trends (GTs) search data available in the
form of relative search volumes (RSV) can be used to analyse
relevant keywords related tonutritional topics.GoogleTrends
is the most popular tool to gather information on web-based
behaviours, and it can be used to prevent health-related
issues(14). Therefore, the present study aimed to predict and
monitor the nutritional immunity information-seeking behav-
iour amongst the Indian population during the COVID-19
pandemic using GTs.

Methods

The data on daily new confirmed COVID-19 cases in India
was accessed from (∼https://ourworldindata.org/
coronavirus/country/india?country=∼IND). This website
is managed by Oxford Martin School (University of
Oxford) and updates worldwide COVID-19 cases daily.
The data were downloaded in.CSV format and filtered
for a time frame of 1 January 2020–31 August 2020 on
3 November 2020 (DD-MM-YYY).

Google Trends
Google Trends (https://trends.google.com/) is a website
by Google (launched on 11 May 2006) that analyses the
top search queries across various regions, languages, and
time frames. It shows the real-time data points scaled
according to the total search volume for a given geographi-
cal location and time frame. The relative search score was
provided in terms of ‘Relative Search Volume’ (RSV), which
range from 0 to 100(15). The RSV was shown in graphical
representation, and subregion wise data were also avail-
able on the website. Google Trends offers ‘related search
queries’ and ‘related search topics’, which can be searched
with the selected query. These queries and topics can be
used to select useful terms for determining interest. Users
can compare up to five different search queries, and search
filters were provided to obtain the precise data based on

region, time frame, search category, and search type(16).
Google Trends offers very dynamic data, and the user
can modify the search trend according to the interest. So,
to maintain the quality of data, the authors have modified
the GTs checklist developed by Nuti et al.(17) (see online
Supplemental File 1 Tables 1 and 2) and produced a sys-
tematic flowchart for the present study (Fig. 1).

Selection of search inputs
The ‘query categories’ were used instead of ‘search term’

(Fig. 1) because it was considered as a group of terms shar-
ing similar meanings in different languages. It was essential
to minimise the linguistics variations because multiple lan-
guages are spoken and written in India. The search inputs
for two groups were chosen to determine people’s interest
during the COVID-19 period: 1. COVID-19 and 2. Nutrition.
The first group (COVID-19) was chosen to gauge public
interest in COVID-19-related issues. The data for three
queries (Coronavirus), (Immunity), and (Vaccine) were
obtained under the first group. The ‘virus’ for
(Coronavirus) and ‘Topic’ for (Immunity) and (Vaccine)
was selected as query categories from the suggestions,
which appears after entering the query in the search
box. Following the first query term (Coronavirus), the terms
(Immunity) and (Vaccine) were chosen from the ‘related
search topics’ offered by GTs based on their high interest.
For the second group, i.e., Nutrition, the (Nutrients) was
selected as the initial query term, and four more queries
(Multivitamin), (Chyavanprash), (Vitamin), and (Zinc)
were determined by the authors based on nutritional
immunity literature(18–20) and ‘related search topic’. The
term (Chyavanprash) is a ‘Hindi’ language term for
Ayurvedic supplement, a cooked mixture of various herbs
and spices consumed widely in India to maintain stamina,
strength, and immunity. The nutrition-related queries were
also considered as ‘query category’ instead of ‘Search
term’(21,22). The ‘Topic’ was selected as the query category
for (Chyavanprash), (Vitamin), and (Nutrient). The
‘Medication’ and ‘Chemical element’ was chosen as the
query category for (Multivitamin) and (Zinc), respec-
tively (Fig. 1).

Data constraints
The data for Indian states and union territories (UTs) was
obtained after entering the query terms and selecting the
above mentioned ‘query categories’. The time frame of 8
months (1 January 2020–31 August 2020) was selected
within the category ‘Health’ and ‘Web search’ for all the
terms. To avoid the impact of increased search for online
food products due to lockdown, we have selected the
‘Health’ category, and only those query terms were
included, which were observed to be least influenced by
the lockdown period. The data based on subregions
(Indian states and UTs) was also obtained from the GTs
web portal.
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Statistical analysis
The data from the Google Trends web portal was down-
loaded in.CSV format for all the queries and opened in
MS Excel. The time series graph of daily new COVID-19
cases and nutritional terms in addition to events dates were
plotted separately (Figs. 2 and 3). The Joinpoint regression
model was used to determine the statistically significant
monthly percent change (MPC). The best-fitting points
were termed as ‘Joinpoints’, which marks an increase or
decrease in RSV. The Joinpoint regression programme
was used for analysis(23). The software creates a graphical
timeline that identifies the apparent change in the RSV.
According to the software guidelines, the grid search
method was used with a criterion of minimum 0 and maxi-
mum1 Joinpoints(24). Themean search score of eachmonth
with SE was used as a dependent variable, and
1–8 coded value for each month (January–August) was

selected as an independent variable. The log transforma-
tion function was used due to moderate to high skewness
in the data. The nil (no data) RSV was considered as 0 and
RSV showing ‘<1’ was replaced with a value of 0·5 for fea-
sibility in data analysis. The model selection method was
the permutation test and the significance level was set
at P < 0·05.

Additional analysis was carried out using the cross-
correlation function (CCF) in SPSS version 26.0. The corre-
lation coefficient was calculated by comparing the
explanatory (new confirmed COVID-19 cases) and depen-
dent (Google Trends RSV) time series variables. A greater
time lag between –35 and þ35 d was considered to get
more precise coefficient values. The natural log transforma-
tion was selected for estimating the CCF. The r≥ 0·3–0·5
(fair), r≥ 0·6–0·7 (moderate), r≥ 0·8–0·9 (very strong),
and r= 1 perfect was considered in the present study(25).

Data search was performed for 8 keywords within 2 different
categories (COVID-19 & Nutrition) on 03-11-2020

Google Trends Filters Used:

Country – India 
Period – 01-01-2020 to 31-08-2020 

COVID-19 related queries:
Nutrition Related queries:

Coronavirus (Virus)
Immunity (Topic)
Vaccine (Topic)

Nutrient (Topic)
Chyavanprash (Topic)

Vitamin (Topic)
Zinc (Chemical element)

Multivitamin (Medication)

Health category & Web Search

Interest was categorised as “Subregion”

Data analysis

Groups Initially selected Term Query Category

Time series score and State-wise
(subregion) score data was downloaded

in .CSV format on 03-11-2020

Fig. 1 (colour online) Systematic flowchart of the search strategy
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30th Jan: 1st COVID-19
Case in India.

11th Mar: WHO
declares pandemic.

31st Mar: AYUSH
Ministry Guidelines

Apr: UNICEF -
Healthy eating tips

19th Apr: NIN (Imdia)
Nutritional
Recommendations

3rd Apr: WHO
#HealthyatHome
Campaign

29th May: C-TAP
initiative by WHO
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1st July: Unlock Phase 2
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announced by Russia

3rd July: 1st Indian Vaccine
development begins

27th Mar: Nutritional
Guidelines - FAO

25th Mar: Nationwide
lockdown begins

14th Mar: India declares
COVID-19 a notified disaster

Fig. 2 (colour online) Time series plot of COVID-19-related search queries in reference to various national and international events
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Fig. 3 (colour online) Time series plot of nutrition-related search queries in reference to various national and international events
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The significance CCF was demonstrated at P< 0·01. The
increased/decreased search activity with an increase in
COVID-19 caseswas correlated to determine the behaviour
of Indian people during COVID-19.

The mean ± SD RSV of each state and UTs was calcu-
lated, and size dot maps with colour gradients were devel-
oped using ArcGIS Pro (Esri) version 2.5, representing the
high and low search areas. For estimating variations in
searches in the mainland (states and UTs), the country
was divided into six regions – North, South, East, West,
Central, and North-East(26). The colour gradient maps were
developed to represent the overall COVID-19 and nutri-
tional searches in different regions of India. The mean
RSV of Lakshadweep were not reported because the RSV
was observed as nil amongst all the selected terms.

Results

Influence of COVID-19 guidelines on RSV
The first COVID-19 case in India was detected on 31
January, after which the government have taken multiple
measures to control the spread of the virus. The rise in
COVID-19 cases in India was controlled till 8 June 2020.
The exponential rise in cases can be observed after
8 June, when the government of India announced
Unlock Phase 1. Several announcements were also made
by international (FAO, WHO, UNICEF)(7–9) and national
(NIN, AYUSH, FSSAI)(10–12) institutions in response to
COVID-19 (Figs. 2 and 3).

The GTs time trend plots show a spike in search activ-
ities attributed to the guidelines and notifications issued by
governmental institutions and development in COVID-19.
The highest peak for the term (Immunity) was observed on
14 April 2020 when the Prime Minister of India urges to fol-
low saptapadi (seven sacred vows), one of which was to
increase immunity following AYUSH ministry guidelines,
which was announced on 31 March 2020 (Fig. 2). The sec-
ond highest peak was observed on 21 March 2020 when
yoga asanas to boost immunity were shared by an
Indian yogic practitioner (Baba Ramdev). The spike in
searches for the term (Coronavirus) between 25 March
and 1 April 2020 could be due to India’s statewide lock-
down, which began on 25 March 2020. On 11 August
2020 Russian vaccine was announced; therefore, this might
be the reason for the peak in term (Vaccine) on that day
(Fig. 2) (see online Supplemental File 2).

The peak searches for nutritional terms were continu-
ously increasing after March 2020 and highest during July
2020. Initial studies on vitamin D deficiency in the progres-
sion of COVID-19 came during June and July, which
reported that the deficiency in vitamin D could increase
the severity of COVID-19(27,28). The Indian news reports
have also mentioned the severe shortage of vitamin tablets
in July(29). This could be due to the panic purchase of tablets
in India in the aftermath of the COVID-19 lockdown, which

saw import and manufacturing halted. National Institute of
Nutrition (NIN) and the Food Safety Standard Authority of
India (FSSAI have also released the guidelines on 19 June
2020 and 7 June 2020, respectively(10,12). The
Chyavanprash is a consumable health product that is con-
sumed to boost immunity(22,30). The search spike from April
to July months shows the interest of buyers for boosting
immunity(31), whereas the usual search spike for
Chyavanprash was from November to February (winter
season) (Fig. 3) (see online Supplemental File 2).

Monthly variation in RSV
The Joinpoint regression analysis shows MPC in RSV of all
the selected query terms (see online Supplemental File 3
Table 1). The term (Immunity) shows one Joinpoint with
a 112·34 % rise in RSV from January to April and a decline
of 8·34 % after April. For term (Coronavirus), the regression
analysis shows one Joinpoint with a 1234·39 % rise in RSV
between January and March, which declines by 36·04 %
after March. No Joinpoint was found in the selected model
for the term (Vaccine), but a 46·05 % significant rise in RSV
was observed. The nutritional query terms (Vitamin),
(Chyavanprash), (Multivitamin), and (Zinc) have no
Joinpoints but shows 8·92 %, 16·15 %, 13·17 %, and
18·26 % significant rise in RSV, respectively. The term
(Nutrient) shows one Joinpoint in the selected model with
a 26·61 % rise in RSV between January and May and a
3·17 % decline between May and August (Fig. 4).

Influence of daily new COVID-19 cases on RSV
The cross-correlation analysis results have shown the cor-
relation between selected query terms with daily new
COVID-19 cases in India. The highest correlation factor ±
SE (r ± SE) was considered for interpretation with a time
lag (days). The query terms (Immunity), (Vaccine),
(Vitamin), (Nutrient), (Multivitamin), and (Zinc) have
shown moderate correlation (r> 0·60) with daily new
COVID-19 cases, whereas (Chyavanprash) showed very
strong correlation (r> 0·80) (Fig. 5).

The highest correlation between RSV and daily new
COVID-19 cases for (Immunity) and (Coronavirus) was
observed at the lag of 35 d. Similarly, the highest correlation
for RSV of terms (Vaccine), (Vitamin), (Chyavanprash),
(Nutrient), (Multivitamin), and (Zinc) occurs at the lag
period of 16, 27, 22, 17, 20, and 14 d respectively
(Fig. 5). At time lag 0, the RSV of selected search terms
shows moderate correlation except for (Immunity) and
(Coronavirus) (Fig. 6) (see online Supplemental File 3
Table 2).

The negative CCFwas only observedwith the RSV of the
term (Coronavirus). The CCF increases from the 0 d lag and
continues to increase till a time lag of 35 d. The higher than
average increase in RSV of all other terms leads to a higher
than average daily rise in COVID-19 cases about 0–35 d
later. The strength of association here decreases with the
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increase in time lag which signifies that the higher than
average RSV predicting higher than the average daily rise
in COVID-19 cases on the same day of increase in RSV

(lag 0) with the greatest association. Similarly, the higher
than the average daily rise in COVID-19 cases leads to a
higher than average increase in nutritional RSV after
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Fig. 4 (colour online) The selected models of Joinpoint regression analysis
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14–27 d with the greatest association (Figs. 5 and 7). In the
present study, the strength of association of RSV with daily
new cases was higher for positive time lags and lower for
negative for time lags (Fig. 7).

State and region wise distribution of RSV
Mapping of mean RSV across Indian states, UTs, and geo-
graphical regions show a differential result for overall
COVID-19 and nutritional RSV of selected terms. For overall
RSV, the highest mean RSVwas from Sikkim (74·38± 17·71),
followed by Andaman and Nicobar (71·75 ± 42·27). The
lowest mean RSV was from Madhya Pradesh
(22·63 ± 5·98), followed by Bihar (23·75 ± 7·28) (Fig. 8(a)).
Amongst geographical regions, the highest mean RSV was
from North-Eastern India (51·87± 11·61) and lowest from
Western India (32·31 ± 6·43) (Fig. 8(b)) (see online
Supplemental File 4).

The states and UTs wise highest mean RSV was from
Andaman and Nicobar (91·33± 12·26) followed by Goa
(90·00± 11·43), and the lowest mean RSV was from
Madhya Pradesh (24·00± 6·98) (Fig. 9(a)). The mean RSV
of COVID-19 group terms also show the highest and lowest
search volume from North-Eastern (61·45± 13·96) and
Western India (36·00 ± 6·67). However, the second highest
mean RSV was observed from North India (52·10± 9·50) in
the present case (Fig. 9(b)) (see online Supplemental File 4).

The mean RSV of nutritional terms was highest from
Sikkim (66·40 ± 17·49), followed by Andaman and
Nicobar (60·00 ± 48·99), and the lowest was from Bihar
(21·60 ± 3·77) (Fig. 10(a)). Amongst geographical regions,
the highest mean RSV was from South India (49·34 ± 7·43),
followed by North India (47·57 ± 8·15), and the lowest was
from West India (31·10 ± 6·30) (Fig. 10(b)) (see online
Supplemental File 4).
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Nutrient (0·754±0·067)
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Immunity (0·768±0·069)
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Fig. 5 (colour online) The highest cross-correlation function of RSV with daily new COVID-19 cases at respective time lag
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Discussions

Google Trends has been widely used in the surveillance of
epidemic diseases(32), the impact of public health days(33)

and behavioural studies(34). During pandemic situations
and natural disasters, the online surveillance system can
be the best feasible approach to monitoring population
health in real-time. Sudden outbreaks or panic situations
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make people gather information for either cure or preven-
tion. Information on Internet searches on the most popular
search engine is the best tool for disease surveillance and
epidemic(35).

Online or hospital-based surveys were often used to
collect nutritional data from infected or normal people(36,37).
Several studies predicted the COVID-19 outbreak in different
parts of the world using GTs data(38,39). Google Trends pro-
vide uswith the reliability of data and coverage of a huge pop-
ulation, making it a valuable tool to access nutritional
behaviour andpublic health. The present study shows a spike
in Google web searches near the announcement day by
national (NIN, AYSUH, FSSAI) or international bodies
(WHO, FAO, UNICEF). It signifies an increased interest in
seeking nutritional immunity information through Internet
searches. The regression analysis has shown themonthly per-
centage change in searches, and in the context of nutritional
terms, a 9–26% rise in the search was observed from January
to August. This range of MPC can be stated as good in the
Indian context because several other sources of information
(newspapers, television, social network sites, doctors,
etc.(40,41)) are available through which people can get similar
knowledge. Due to initial panic situations and fear(42), both
symptomatic and asymptomatic people were aware(43) of
cure or prevention from COVID-19. The public health and
nutritional guidelines also influenced their searches which
were evident from current results.

The daily new confirmed cases in Indiawere found to be
moderately correlated with terms (Immunity), (Vaccine),

(Vitamin), (Nutrient), (Multivitamin), and (Zinc).
Whereas, the term (Chyavanprash) was found to be
strongly correlated with daily new confirmed cases. It con-
firms that the regional language-based searches were
found to be more influential than the general or technical
terms. After 14–27 d of the greater than average daily
increase in COVID-19 cases, the people showed interest
in all selected nutritional terms, which declined afterwards.
It shows that the Indian population was interested in seek-
ing nutritional information for prevention from COVID-19.
The interest on the day of increase in cases was also mod-
erately correlated for nutritional terms.

India has twenty-eight states, eight UTs divided into six
different regions – East, West, North, South, Central, and
North-East. The highest relative search volume from
Sikkim (second smallest state) might be due to its highest
total teledensity across all Indian states(44), resulting in
many Internet users. According to regional mapping, the
North-East region shows the highest relative searches for
overall terms and COVID-19-related terms. At the begin-
ning of September, North-East India accounts only for
∼5 % of total COVID-19 cases. A study reported that a high
frequency of mutated rs2285666 allele (ACE2 gene) might
accounts for fewer COVID-19 cases in the North-East
region(45). But between September and October 2020,
the cases got doubled in the region(46). Initial high aware-
ness (January–July) evident in current results might be pre-
venting the North-East region from COVID-19. However,
this statement requires verification through behavioural
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intervention studies. The highest volume in nutritional
terms was from the southern region, and the lowest was
from the western region. The factors influencing GTs rela-
tive search volumes could be literacy rate, socioeconomic
status (SES), Internet penetrance, and information-seeking
behaviour (interest) which varies widely across all geo-
graphical regions of India. In the present study, the regional
comparative analyses seemed to be influenced by more
than one factor, and updated data on each factor was
required to grade behavioural factors according to the
searches. Despite several benefits of GTs, there are still cer-
tain limitations like no defined consensus of reporting,
aspects of data collection and methodological develop-
ment(47). In both developing and developed countries,
the RSV of Google Trends are primarily dependent on
events (like a disaster, pandemic, national or international
days), but during the complete absence of event(s), GTs
may not accurately represent the RSV in developing coun-
tries because other factors like socioeconomic status (SES)
and Internet penetrance might be influencing the RSV over
time. However, this needs to be validated by a comparative
study between event and non-event-based GTs data from
developing and developed countries. The present study
was conducted on an event (COVID-19)-based data of
India (developing country), therefore, the validity and reli-
ability of the results persist. Further enhancement of GTs
results can be done using advanced programming lan-
guages like Python or Java(48). Automation using program-
ming languages can help in real-time monitoring of
multiple search terms and statistical analysis can be pos-
sibly embedded for a better outlook of results.

Conclusion

To improve immunity during COVID-19, the Indian popula-
tion has accessed the nutritional information via performing
Google searches. The search spikes were in accordance with
the announcement of nutritional guidelines and daily increas-
ing COVID-19 cases. The monthly variations in RSV in the
studied time frame show increasing interest in Google
searches for selected nutritional terms. This increased search
can be interpreted as information-seeking behaviour
depended on both awareness and fear due to COVID-19,
which increases after the daily rise in COVID-19 cases. The
local/regional search terms can be used in public health
guidelines or recommendations for better outreach.
Variation of searches across regions shows the influence of
additional factors on Google searches which need further
evaluation. It is difficult to access the nutritional behaviour
of the larger population in the pandemic, but online surveil-
lance using GTs data can help nutritional researchers, public
health workers and government authorities to monitor the
implementation of strategies or guidelines during the initial
phases amongst a large population. The use of computer pro-
gramming techniques in online surveillance canbeutilised for

real-time monitoring of desirable terms and planning event-
based goals.
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