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Introduction

The history of the COVID-19 pandemic began with the 
intuition of Dr. Li Wenliang, a young Chinese ophthalmol-
ogist who first raised the alarm about a cluster of patients 
with SARS-like pneumonia at Wuhan Central Hospital. 
Subsequently, he contracted COVID-19 from an asymp-
tomatic woman with glaucoma and died from the disease.1 
Since then, the pandemic has had a profound impact on 
several aspects of ophthalmology, including eye care ser-
vices, delivery of surgery, and training.2–6

Since the virus could be transmissible through the ocu-
lar surface, and viral RNA was identified in tears of patients 
with conjunctivitis but not in those without, the assessment 
of the prevalence of ocular involvement in patients with 

COVID-19 has crucial clinical implications.7,8 Previous 
studies reported the presence of conjunctivitis in a vari-
able percentage of COVID-19 patients going from 0.8% 
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to 31.6%.9–11 A few possible explanations can be postu-
lated regarding this discrepancy. Firstly, diagnostic criteria 
used for including patients in the COVID-19 population 
vary across the studies, and some of them included both 
“suspected” and “confirmed” cases.11 Secondly, although 
severe cases of conjunctivitis can be diagnosable even at 
the bedside, milder cases may require slit lamp exami-
nation, which is not feasible for patients self-isolating at 
home. Thirdly, the recording of ocular symptoms or signs, 
particularly in milder forms, may be not a priority for med-
ical staff in situations of high workload as registered in the 
first wave of the current pandemic. Finally, in some cases 
ocular symptoms may appear several days before the onset 
of fever or respiratory symptoms, thus making the associa-
tion difficult to be detected.12

Recently, web searches for health-related information 
are being considered a valuable source of data able to 
depict the collective health trends.13 In particular, Google 
Trends (GT) is an online system of internet hit-search vol-
umes that has been proposed as a surrogate marker for the 
evaluation of the public awareness of a disease.14 In case 
of infectious outbreaks, it could serve as a digital epidemi-
ological tool to track disease activity and course.15 During 
the ongoing COVID-19 pandemic, internet surveillance 
with GT on various extraocular signs and symptoms of the 
disease was recently employed with good performance to 
monitor the disease course and to forecast the trends of 
daily new cases.16–18

The present study aims at exploring the emerging role 
of GT for monitoring the web searches on “conjunctivitis” 
at the time of COVID-19 outbreak and for tracing pan-
demic course.

Methods

Google Trends is an online tool that presents the relative 
search volume (RSV) of searches made in a given coun-
try and period in the Google search engine (https://trends.
google.com/trends/). The RSV is a normalized index that 
ranges from 0 to 100, with 100 indicating the peak of pop-
ularity.19 In the present study, we performed a GT search 
for conjunctivitis in Italy, France, United Kingdom, and 
United States. These countries were selected because they 
are large western countries that experienced a high number 
of COVID-19 cases during the study period. Non-western 
countries were not included due to potential differences 
regarding access and use of Internet. We searched the term 
“conjunctivitis” and the translation in Italian (“congiun-
tivite”) and French language (“conjonctivite”). The time 
period was set from January 1 to April 16, 2020, which 
corresponded to the first wave of the pandemic in all the 
investigated countries. A corresponding comparison period 
was set from January 1 to April 16, 2019 (control period). 
Moreover, the search was repeated for the time period from 
October 1 to December 31, 2020, which corresponded to 

the second wave of the pandemic. Searches were repeated 
using the GT topic function that automatically includes all 
the terms related to the conjunctivitis topic.

The number of COVID-19 daily new cases were 
retrieved from Worldometer (https://www.worldometers.
info/). The sources of the website include the Italian 
Ministry of Health, the French platform data.gouv.fr, The 
United Kingdom Department of Health and Social Care, 
and the United States Department of Health and Human 
Services.

All statistical analyses were performed using Stata 
(version 14). The correlations between the conjunctivi-
tis RSV and COVID-19 daily new cases were evaluated 
using Pearson’s correlation coefficient. We used lag time 
correlation analyses for up to 25 days to evaluate the tem-
poral relationships between these data in order to find the 
best correlation. In particular, we started by examining, for 
each country separately, the correlations between COVID-
19 daily new cases and the contemporary daily RSV. Then 
we iteratively examined the correlations between COVID-
19 daily new cases and lagged daily RSV, augmenting 
by one the number of lags at each iteration. Finally, we 
extracted the highest correlation value, and its correspond-
ing lag time. A coefficient whose p was found to be lower 
than 0.05 was considered statistically significant.

Results

The RSV for conjunctivitis and COVID-19 daily new cases 
from January 1 to April 16, 2020 in Italy, France, United 
Kingdom, and United States are reported in Figure 1.

In all countries, we observed both peaks and an upward 
trend in conjunctivitis-related Google searches occurring 
prior to the time window in which the highest numbers of 
new COVID19 cases were registered. Such evidence was 
consistent across all countries despite the high volatility in 
the time trends.

The correlation analysis between the number of 
COVID-19 daily new cases and the RSV is reported in 
Table 1.

During the first wave, a statistically significant corre-
lation between COVID-19 daily new cases and the RSV 
was found in Italy (R = 0.507, p < 0.001), United Kingdom 
(R = 0.423, p < 0.001) and United States (R = 0.203, 
p = 0.036). The correlation coefficients changed with lag 
time: the highest coefficient was obtained with a lag of 
16 days for Italy (R = 0.868, p < 0.001), 18 days for France 
(R = 0.491, p < 0.001), 15 days for United Kingdom 
(R = 0.883, p < 0.001), and 14 days for United States 
(R = 0.484, p < 0.001).

To rule out whether searches were driven by individuals 
actually suffering the symptoms, the analysis was repeated 
using data retrieved with the GT topic function (Table 2). 
A statistically significant correlation between COVID-19 
daily new cases and the RSV was found in Italy (R = 0.298, 
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p < 0.001) and France (R = 0.121, p < 0.001). We observe a 
change in correlation similar to the one reported in Table 1: 
the highest correlation coefficient was obtained with a lag 
of 18 days for Italy (R = 0.718, p < 0.001), and 18 days for 
France (R = 0.121, p < 0.001). Conversely, no significant 
correlations were found for United Kingdom and United 
States (both p > 0.05), although for the United Kingdom 
we observed a statistically significant correlation value 
with a lag of 24 days (R = 0.232, p < 0.001).

In order to rule out potential seasonality issues in con-
junctivitis RSV, the correlation analysis was repeated using 
the RSV observed during the same time period of previous 
year (control period). As shown in Table 1, the number of 

Figure 1. Plot of relative search volume (in red) and COVID-19 daily new cases (in blue). Both distributions were rescaled on a 
0–1. Calendar date on the X-axis.

Table 1. Correlation analysis between the number of COVID-19 daily new cases and the research search volume of conjunctivitis 
during the control period (January 1 to April 16, 2019), first wave (January 1 to April 16, 2020), and second wave (October 1 to 
December 12, 2020).

Daily new cases Control Control top lag First wave First wave top lag Second wave Second wave top lag

Italy 0.193 0.185 (16 days) 0.507* 0.868* (16 days) 0.089 0.16 (8 days)
France −0.147 −0.175 (18 days) −0.185 0.491* (18 days) 0.134 0.27 (11 days)
United Kingdom −0.153 0.052 (20 days) 0.423* 0.883* (15 days) 0.115 0.19 (16 days)
United States 0.014 0.226 (14 days) 0.203* 0.484* (14 days) 0.073 0.093 (4 days)

Top lag refers to the highest correlation coefficient and the correspondent number of days obtained in time-lag correlation analysis.
*p < 0.05.

Table 2. Correlation analysis between the number of 
COVID-19 daily new cases and the research search volume 
of the terms related to the conjunctivitis topic during the first 
wave.

Daily new cases First wave First wave top lag

Italy 0.298* 0.718* (18 days)
France 0.121* 0.652* (18 days)
United Kingdom 0.132 0.232* (24 days)
United States 0.169 0.116 (19 days)

Top lag refers to the highest correlation coefficient and the correspon-
dent number of days obtained in time-lag correlation analysis.
*p < 0.05.
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COVID-19 daily new cases showed no significant correla-
tion with both the RSV and the corresponding lagged RSV 
(all p > 0.05). Similarly, no significant correlation between 
the number of COVID-19 daily new cases during the sec-
ond wave and both the RSV and the corresponding lagged 
RSV was found (all p > 0.05) (Table 1).

Figure 2 shows the cross-correlograms for Italy, France, 
United Kingdom, and United States. The central side of the 
panel tracks the cross correlation between the number of 
COVID-19 daily new cases and RSV during the first wave. 
The correlation coefficient reached its maximum in corre-
spondence of a backward shift of 14 to 18 days in RSV, then 

it progressively faded away. The left and the right sides of 
the panel indicates a non-significant correlation between 
the number of COVID-19 daily new cases and RSV during 
the control period and second wave, respectively.

Discussion

In the present study, we investigated the association 
between internet searches related to conjunctivitis and 
COVID-19 pandemic course. The study revealed a positive 
and significant association between the RSV of conjuncti-
vitis-related terms and the number of COVID-19 daily new 

Figure 2. A series of cross correlograms are constructed by calculating the cross correlation at different match positions between 
the number of COVID-19 daily new cases and relative search volume observed at different lags. The X-axis indicates the number of 
days of lag, the Y-axis shows the correlation values.
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cases during the first wave in all the investigated countries 
except for France. In order to exclude the possible con-
founding effect of the seasonal variation of conjunctivitis 
internet searches on the aforementioned associations, we 
evaluated the correlation between COVID-19 daily cases 
and the RSV of conjunctivitis in the same period of the 
previous year and we did not find any significant evidence 
of correlations.

Furthermore, the correlations changed with lag time, 
and in all countries the highest correlation was found with 
a time lag of the RSV ranging from 14 to 18 days. This 
indicates that the peak in the search interest for conjunc-
tivitis occurred before the incidence peak of COVID-19 
cases. This time lag might have been caused by the peak 
of news about the epidemic coming from other coun-
tries where the virus has previously spread.19 This could 
explain why countries affected later by COVID-19 (United 
Kingdom and United States) had a shorter lag compared 
to Italy and France. Previous studies evaluating the asso-
ciation between the COVID-19 outbreak and the internet 
searches of other terms disease-related reported a shorter 
time lag compared to that one recorded in our study.16–18 
In particular, two studies reported a lag time of 10–14 days 
between the searches of coronavirus and pneumonia.16,17 
Similarly, the web searches of COVID, COVID pneu-
monia, and COVID heart were strongly correlated with 
COVID-19 daily new cases in United States with a lag of 
12–14 days.18 If we postulate that the increases in inter-
net searches are driven by individuals actually suffering 
the symptoms, another possible explanation for the longer 
time lag detected in our study is that COVID-19 patients 
may have experienced ocular symptoms and conjunctivitis 
before the onset of fever or respiratory symptoms directly 
related to COVID-19. This scenario cannot be excluded 
since in the largest case series available in the literature, 
the appearance of conjunctivitis several days before the 
systemic symptoms has been described in a non-negligible 
proportion of COVID-19 patients.12 To assess whether the 
search interest were driven by symptoms, the analysis was 
repeated using the GT “topic function,” which automati-
cally includes all the terms related to a specific topic. This 
analysis confirmed the correlation between search interest 
and daily new cases in Italy, France, and partially in the 
United Kingdom, while for the United States associations 
were no longer significant.

Stronger correlations were found in Italy and United 
Kingdom compared to France and United States. Several 
factors may have contributed to this different trend. Firstly, 
testing criteria for COVID-19 diagnosis as well as capac-
ity vary considerably across countries, and this may have 
a significant effect on the reporting of daily incidence. 
Moreover, in United States there was an initial delay 
in testing, which might explain the weaker correlation 
between the trends of search-interest and the daily inci-
dence.20 Finally, economic, social, and cultural differences 

between the countries may also contribute to the different 
results.

Deiner et al.21 recently performed a similar study 
assessing the search interest for 18 terms from spring 2015 
to spring 2020. Elevated search frequency for terms rep-
resenting sore, red and burning eyes were found in spring 
2020 compared with previous years, particularly in English 
and Spanish, suggesting a relationship between conjuncti-
vitis and COVID-19. The searches for the English term 
“conjunctivitis” slightly increased in the early spring 
months of 2020 but decreased in the later spring months. 
The authors noted that school closure and social distancing 
might also have reduced the spread of infectious conjunc-
tivitis, thus affecting the search interest to some extent.21

To verify whether the second wave of the pandemic 
triggered another spike in search interest for ocular symp-
toms terms, we repeated our analysis for the time period 
covering October 1 to December 31, 2020. Interestingly, 
no significant correlations between conjunctivitis-related 
terms and the number of COVID-19 daily new cases were 
found for any of the countries investigated. There are sev-
eral possible explanations for this result. First, conjunctivi-
tis might have become a less common symptom. Different 
studies have documented a changing clinical presentation 
of COVID-19 during the second wave, possibly due to 
the emergence of new variants and/or the effect of start-
ing vaccinal campaigns.22,23 Alternatively, the substantial 
increase in web searches observed during the first wave 
could have been driven mostly by the media clamour rather 
than by individuals actually suffering the symptoms. In 
fact, GT is considered a surrogate marker of public aware-
ness of a disease, and previous studies conducted in fields 
other than COVID-19 pandemic documented significant 
spikes in internet searches of a disease in correspondence 
of major media coverage.14,24,25 This reduces the possible 
utility of internet searches of conjunctivitis as a tool for 
forecasting future COVID-19 waves. Recently, however, 
the internet searches of other symptoms were successfully 
used to anticipate the second and third wave of the infec-
tions.26 Thus, Google Trends may still represent a useful 
tool for the digital surveillance of COVID-19.

In conclusion, during the first wave, the internet 
searches of conjunctivitis were significantly correlated 
with the trends of COVID-19 daily new cases in all the 
investigated countries with a delay of 14–20 days. During 
the second wave, however, no significant correlation was 
found in any country. Further epidemiological data and 
analyses of other symptoms are still needed to prove if 
internet searches can represent a useful tool for tracing 
COVID-19.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

1951Pellegrini et al. 



Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iDs

Marco Pellegrini  https://orcid.org/0000-0002-6419-6941
Giuseppe Giannaccare  https://orcid.org/0000-0003-2617-0289

References

 1. Parrish RK II, Stewart MW and Duncan Powers SL. 
Ophthalmologists are more than eye doctors: in memoriam 
Li Wenliang. Am J Ophthalmol 2020; 213: A1–A2.

 2. Leng T, Gallivan MD, Kras A, et al. Ophthalmology and 
COVID-19: the impact of the pandemic on patient care and 
outcomes-an IRIS® registry study. Ophthalmology 2021; 
S0161-6420(21)00455-3. DOI: 10.1016/j.ophtha.2021.06.011.

 3. Olivia Li JP, Shantha J, Wong TY, et al. Preparedness 
among ophthalmologists: during and beyond the COVID-
19 pandemic. Ophthalmology 2020; 127(5): 569–572.

 4. Pellegrini M, Roda M, Lupardi E, et al. The impact of COVID-
19 pandemic on ophthalmological emergency department 
visits. Acta Ophthalmol 2020; 98(8): e1058–e1059.

 5. Pellegrini M, Bernabei F, Scorcia V, et al. May home con-
finement during the COVID-19 outbreak worsen the global 
burden of myopia? Graefes Arch Clin Exp Ophthalmol 
2020; 258(9): 2069–2070.

 6. Pellegrini M, Roda M, Di Geronimo N, et al. Changing 
trends of ocular trauma in the time of COVID-19 pandemic. 
Eye (Lond) 2020; 34(7): 1248–1250.

 7. Lu CW, Liu XF and Jia ZF. 2019-nCoV transmission 
through the ocular surface must not be ignored. Lancet 
2020; 395: e39.

 8. Xia J, Tong J, Liu M, et al. Evaluation of coronavirus in 
tears and conjunctival secretions of patients with SARS-
CoV-2 infection. J Med Virol 2020; 92: 589–594.

 9. Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of 
coronavirus disease 2019 in China. N Engl J Med 2020; 
382: 1708–1720.

 10. Zhou Y, Duan C, Zeng Y, et al. Ocular findings and pro-
portion with conjunctival SARS-COV-2 in COVID-19 
patients. Ophthalmology 2020; 127: 982–983.

 11. Wu P, Duan F, Luo C, et al. Characteristics of ocular find-
ings of patients with coronavirus disease 2019 (COVID-19) 
in Hubei Province, China. JAMA Ophthalmol 2020; 138: 575.

 12. Hong N, Yu W, Xia J, et al. Evaluation of ocular symptoms 
and tropism of SARS-CoV-2 in patients confirmed with 
COVID-19. Acta Ophthalmol. Epub ahead of print 26 April 
2020. DOI: 10.1111/aos.14445.

 13. Johnson HA, Wagner MM, Hogan WR, et al. Analysis of 
web access logs for surveillance of influenza. Stud Health 
Technol Inform 2004; 107: 1202–1206.

 14. Rasheed R and Sivaprasad S. Google trends as a surrogate 
marker of public awareness of diabetic retinopathy. Eye 
(Lond) 2020; 34: 1010–1012.

 15. Carneiro HA and Mylonakis E. Google trends: a web-based 
tool for real-time surveillance of disease outbreaks. Clin 
Infect Dis 2009; 49: 1557–1564.

 16. Li C, Chen LJ, Chen X, et al. Retrospective analysis of 
the possibility of predicting the COVID-19 outbreak from 
Internet searches and social media data, China, 2020. Euro 
Surveill 2020; 25: 2000199.

 17. Effenberger M, Kronbichler A, Shin JI, et al. Association 
of the COVID-19 pandemic with Internet search volumes: 
a Google TrendsTM analysis. Internet J Infect Dis 2020; 95: 
192–197.

 18. Yuan X, Xu J, Hussain S, et al. Trends and prediction in 
daily new cases and deaths of COVID-19 in the United 
States: an Internet search-interest based model. Exploratory 
Res Hypothesis Med 2020; 5: 1–6.

 19. Nuti SV, Wayda B, Ranasinghe I, et al. The use of Google 
trends in health care research: a systematic review. PLoS 
One 2014; 9: e109583.

 20. Buchanan L, Lai KKR and Allison McCann A. U.S. lags 
in coronavirus testing after slow response to outbreak. 
New York Times. https://www.nytimes.com/interac-
tive/2020/03/17/us/coronavirus-testing-data.html (2020, 
accessed 6 May 2020).

 21. Deiner MS, Seitzman GD, McLeod SD, et al. Ocular signs 
of COVID-19 suggested by Internet search Term patterns 
worldwide. Ophthalmology 2021; 128: 167–169.

 22. Iftimie S, López-Azcona AF, Vallverdú I, et al. First and 
second waves of coronavirus disease-19: a comparative 
study in hospitalized patients in Reus, Spain. PLoS One 
2021; 16(3): e0248029.

 23. Kadiwar S, Smith JJ, Ledot S, et al. Were pregnant women 
more affected by COVID-19 in the second wave of the pan-
demic? Lancet 2021; 397(10284): 1539–1540.

 24. Cervellin G, Comelli I and Lippi G. Is Google trends a reli-
able tool for digital epidemiology? Insights from different 
clinical settings. J Epidemiol Glob Health 2017; 7: 185–
189.

 25. Bousquet J, O'Hehir RE, Anto JM, et al. Assessment of 
thunderstorm-induced asthma using Google trends. J 
Allergy Clin Immunol 2017; 140: 891–893.e7.

 26. Rabiolo A, Alladio E, Morales E, et al. Forecasting the 
COVID-19 epidemic integrating symptom search behav-
ior: an infoveillance study. J Med Internet Res 2021; 23: 
e28876.

1952 European Journal of Ophthalmology 32(4)

https://orcid.org/0000-0002-6419-6941
https://orcid.org/0000-0003-2617-0289
https://www.nytimes.com/interactive/2020/03/17/us/coronavirus-testing-data.html
https://www.nytimes.com/interactive/2020/03/17/us/coronavirus-testing-data.html

