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Objectives: We aimed to investigate whether the implementation of personal protective measures against
COVID-19 reduced the transmission of influenza-like illnesses.

Methods: We followed 758 international students from 95 countries located in 5 continents from Oc-
tober 2020 to March 2021. Their frequency of wearing masks, physical distancing, washing hands, and
avoiding crowded places, as well as their reported cases of influenza-like illnesses, were examined. We
used Kaplan-Meier analysis to compare the occurrence of symptoms of influenza-like illnesses among
participants who adhered with those who did not adhere to the personal protective measures.

Results: From October 2020 to March 2021, 139 (18%) students reported symptoms of influenza-like ill-
nesses. The survival analysis showed that students who frequently wore face masks, exercised physical
distancing, and disinfected their hands had a reduced risk of influenza-like illnesses. We found a two-
fold increased risk of influenza-like illnesses among participants who did not implement all the personal
protective measures compared with those who adhered to the measures (hazard ratio=2.16, 95% Cl=1.53-
3.05, P<0.001).

Conclusions: Our findings suggest that personal protective measures with high feasibility and acceptabil-
ity could be implemented during influenza epidemics to reduce transmission.

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

INTRODUCTION

After the widespread implementation of measures to mitigate
COVID-19, influenza activity and influenza-like illnesses declined
sharply (Olsen et al., 2020). The observed decline was attributed
to artifactual changes related to hospital-seeking behaviors for res-
piratory illnesses and real changes related to a reduction in circu-
lating respiratory viruses because of the implementation of non-
pharmaceutical interventions against COVID-19. Influenza data re-
ported to the World Health Organization’s (WHO) FluNet platform
in 2021 showed a continued decline in most countries and re-
gions in the Northern Hemisphere, temperate zones, and Southern
Hemisphere in influenza-positive results and outpatient visits for
influenza-like illnesses (WHO 2021a). The transmissibility of the
SARS-CoV-2 (R0=2-6.1) (Ke et al., 2021) is higher than that of in-
fluenza (R0=1.28) (Biggerstaff et al., 2014), which suggests that the
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coronavirus may have played a role in interrupting transmission of
circulating influenza.

SARS-CoV-2, like other viruses that cause acute respiratory in-
fections, spreads primarily by respiratory droplets. Thus, the prac-
tice of personal protective measures to protect against COVID-19
may have resulted in the decline in influenza-like illnesses dur-
ing the 2020-2021 flu season. The WHO recommended the fol-
lowing protective measures against COVID-19 transmission: wash-
ing hands; keeping physical distance; avoiding touching eyes, nose
and mouth; staying at home if you are sick; wearing masks;
disinfecting frequently touched objects and surfaces; and avoid-
ing the 3Cs (crowded places, close contacts, and closed spaces)
(WHO 2021b). Evidence supports that wearing facemasks, protect-
ing the eyes, physical distancing (Chu et al., 2020), and hand hy-
giene (Alzyood et al., 2020) can protect against the transmission of
SARS-CoV-2. However, data on the effectiveness of these measures
in preventing community transmission of influenza-like illnesses
are lacking (Olsen et al., 2020; Cowling et al., 2020). We aimed
to investigate the association between the implementation of per-
sonal protective measures and cases of influenza-like illnesses in
the general population by following a group of international stu-
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dents from 95 countries located in 5 continents from October 2020
to March 2021.

METHODS
Data collection

We conducted a longitudinal observational study to assess cases
of influenza-like illnesses among international students during
the 2020-2021 flu season. Data collection commenced in Octo-
ber 2020 and concluded at the end of March 2021. Participants
of this study comprised international students aged >18 years en-
rolled in undergraduate or postgraduate programs in universities in
Turkey. The participants were identified from a database of inter-
national students on the Turkish Scholarship at the Presidency for
Turks Abroad and Related Communities. We collected data through
monthly online surveys delivered to the participants through their
students’ information systems. We explained the purpose of the
study and the confidentiality of responses to the students. The stu-
dents gave informed consent before participating in the study. Po-
tential participants were screened based on the responses given
in the baseline questionnaire to determine whether they met the
study’s inclusion criteria. Participants enrolled answered questions
about their frequency of implementing personal protective mea-
sures and if they experienced symptoms of influenza-like illnesses
in the previous month.

We assessed respondents’ level of personal protective measures
using 5 items recommended by the WHO: the frequency of wear-
ing facemasks, physical distancing, hand hygiene, surface disin-
fection, and avoiding crowded places. Participants reported their
frequency of implementing the measures using a 5-Likert scale.
The scale reliability was examined because it had not been vali-
dated previously in the context of this research. Cronbach’s alpha
test was calculated for all participants. Results indicated that the
scale had good reliability («¢=0.81, 95% CI 0.79-0.83). The survey
forms were also pretested on a convenience sample of 50 male
and 50 female international students (n=100) outside the target
group to ensure clarity of interpretation and improve the validity
of responses. We assessed influenza-like illnesses by symptoms of
an acute respiratory infection with an onset within 10 days, fever
of >38°C, and persistent cough in the absence of an alternative
causative agent (Stellrecht, 2017). Students who reported symp-
toms of fever, sore throat, and persistent cough and did not re-
ceive any confirmatory tests were regarded as having symptoms of
influenza-like illnesses, consistent with the WHO'’s case definition
of influenza-like illnesses. Ethical approval for this study was ob-
tained from the Non-Interventional Clinical Research Ethics Com-
mittee of Hacettepe University (No. GO 20/885), and all partici-
pants gave informed consent. Moreover, approval for the study was
obtained from the Ministry of Health of the Republic of Turkey.

Statistical analysis

We first grouped categorical variables with ordinal response
scales, including the level of personal protective measures. We
grouped responses to the frequency of wearing facemasks, washing
hands, physical distancing, avoiding crowded places, and disinfect-
ing surfaces into 3 groups: 2 (Frequently or Always), 1 (Sometimes)
and 0 (Never). All participants implemented some of the measures
to some extent to protect themselves from coronavirus infection.
The personal protective measures scores (0, 1 or 2) were added for
each student to give the overall implementation of personal pro-
tective measures, with 0 and 10 being the lowest and highest pos-
sible score, respectively. We compared the frequency of practicing
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personal protective measures among students who had influenza-
like illnesses with those who did not.

We estimated the first occurrence of influenza-like illnesses
over the 2020-2021 flu season using Kaplan-Meier analysis. Be-
fore conducting the survival analysis, the assumption of homo-
geneity of variances was tested and satisfied based on Levene’s F-
test (F=1.43, P=0.49). We compared the 6-month survival of the
students who implemented all the personal protective measures
with those who did not, with the event of interest determined
as experiencing symptoms of influenza-like illnesses or censoring.
We used a log rank test to compare and understand the differ-
ences between the survival distributions. Using a multivariate Cox
regression (proportional hazards) analysis, we examined the asso-
ciation between students’ level of implementing personal protec-
tive measures against COVID-19 and the occurrence of influenza-
like illnesses, factoring in the time of observation or censoring
(loss to follow-up). The first regression analysis included covari-
ates such as gender, age, country of origin, and current smok-
ing status, in addition to the implementation of personal protec-
tive measures. The initial results showed that gender (P=0.71), age
(P=0.59), country of origin (P=0.65), and smoking (P=0.26) did not
significantly affect the symptoms of influenza-like illnesses. There-
fore, the covariates were removed from the regression model, and
the analysis was rerun with only the 6 personal protective mea-
sures against COVID-19 (wearing facemasks, hand hygiene, physical
distancing, surface disinfection, and avoiding crowded places) set
as the covariates. All statistical analyses were done with R version
43.3.

Results

Of the total students who received the survey (n=1000), 847
students agreed to participate and took part in the baseline survey
(response rate 84.7%) Figure 1. We excluded 79 students from the
study because they were not enrolled in universities in Turkey at
the time of the study. An additional 10 students were excluded be-
cause they reported being permanent residents in Turkey, thus, did
not meet the classification of an international student. Therefore,
we sent monthly follow-up surveys to 758 students who met the
inclusion criteria (Table 1) at the beginning of every month, from
November 2020 to March 2021, and a reminder in the middle of
every month to maximize the response rate.

A total of 139 (18%) international students reported symptoms
of acute respiratory infections between October 2020 and March
2021 (Figure 2). Table 2 shows the implementation of personal
protective measures by the students. We found that participants
who did not have symptoms of influenza-like illnesses reported
higher implementation of all the personal protective measures
than those who experienced symptoms. We observed that the level
of personal protection against COVID-19 was higher among stu-
dents who did not have influenza-like illnesses (Figure 3), further
indicating a link between implementation of the measures against
coronavirus and cases of influenza-like illnesses. Of the students
who had influenza-like illnesses, 62.6% (n=87) had scores below
the median and 37.4% (n=52) had scores above the median person
protective measure. Results of the survival analysis showed that
the overall probability of being event-free among students with
personal protective measure scores above the median was higher
than students who had scores below the median (Figure 4). There
was a significant difference in survival distribution between partic-
ipants who scored below the median and those who scored above
the median, log-rank x2=23, P<0.001. The results from the Kaplan
Meier method showed that international students who adhered to
implementing the personal protective measures had a reduced risk
of acquiring respiratory infections.
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Figure 1. Participant enrollment.

Female (n=365) Total (n=758)

Table 1

Demographic characteristics of study population
Characteristic Male (n=383)

N %

Age
<20 65 17.0
21-25 120 31.3
26-30 114 29.8
31-35 70 18.3
36-40 14 3.7
Country
Asia 178 46.5
Africa 182 47.5
Europe 22 5.7
North and South America 1 0.3
Residence
Apartment |/ House 198 51.7
Dormitory 185 48.3
Chronic disease
Yes 13 34
No 370 96.6
Smoking
Yes 52 13.6
No 331 86.4

N % N %
64 17.1 129 17.0
160 427 280 369
102 272 216 285
38 10.2 108 14.2
11 29 25 33
191 50.9 369 487
123 3238 305 403
55 14.7 77 10.1
6 1.6 7 0.9
174 46.4 372 49.1
201 53.6 386 50.9
19 5.1 32 42
356 94.9 726 95.8
26 6.9 78 10.3
349 93.1 680 89.7

Having identified that students’ implementation of personal
protective measures played a role in the observed decline in
influenza-like illnesses cases, we conducted a Cox proportional
hazard regression analysis to determine the measure that offered
the highest protection. The regression analysis showed that at a
given point in time, students who wore facemasks were 33.6%
less likely to show symptoms of influenza-like illnesses than stu-
dents who did not wear a facemask, adjusting for all the other
personal protective measures (hazard ratio=0.664, 95% Cl=0.494-
0.893, P=0.006) Table 3. Similarly, students who exercised physi-
cal distancing measures were 23.5% less likely to report symptoms
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of influenza-like illnesses when compared with those who did not
adhere to physical distancing adjusting for the other measures
(hazard ratio=0.765, 95% Cl=0.610-0.960, P=0.020). Furthermore,
international students who frequently disinfected their hands were
171 % less likely to report symptoms of influenza-like illnesses
than those who did not frequently disinfect their hands (hazard
ratio=0.821, 95% Cl=0.793-0.915, P=0.029). We found a two-fold
increased risk of influenza-like illnesses among students who did
not implement every personal protective measures compared with
those who adhered to all the measures (HR=2.16, 95% CI=1.53-
3.05, P<0.001). There was no significant association between sur-
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The percentage of participants for each frequency of personal protective measure recommended by the World Health Organization

1. Sometimes 2. Always/Frequently

Table 2
N 1. Never

N %
Participants with
influenza-like illnesses 139 - -
Facemask
Physical distancing 139 - -
Hand hygiene 139 3.6
Surface disinfection 139 14 10.1
Avoiding crowds 139 2.2
Participants without 619 1 0.2
influenza-like illnesses
Facemask
Physical distancing 619 8 1.3
Hand hygiene 619 8 13
Surface disinfection 619 18 2.9
Avoiding crowds 619 10 1.6

N % N %

6 4.3 133 95.7
56 40.3 83 59.7
20 14.4 114 82.0
43 30.9 82 59.0
48 34.5 88 63.3
8 1.3 610 98.5
72 11.6 539 87.1
46 7.4 565 91.3
165 26.7 436 70.4
92 14.9 517 83.5

Chi square (with Fisher’s exact test) was used to compare the implementation of personal protective measures between participants who had influenza-
like illnesses and those who did not. There was a significant difference in the use of facemask (P=0.006), physical distancing (P<0.001), hand hygiene
(P=0.004), surface disinfection (P=0.0002), and avoiding crowded places (P<0.001).

Months

. December
. January
—

|

. November
February
October
March

Figure 2. Percentage of participants who reported symptoms of influenza-like ill-
nesses by month between October 2020 and March 2021

More than half of reported cases of influenza-like illnesses (54.0%) occurred in De-
cember 2020. The least reported cases of influenza-like illnesses occurred in March
2021 (5.0%).

Table 3
Associations between personal protective measures recommended by the World
Health Organization and the cases of influenza-like illnesses

Covariates Hazard ratio (HR)  95% CI of HR P-value
Facemask 0.664 0.494 - 0.893  0.006*
Physical distancing 0.765 0.610 - 0.960 0.020*
Hand hygiene 0.829 0.793 - 0.915 0.029*
Surface disinfection 0.895 0.724 - 1.104  0.298
Avoiding crowded places  0.964 0.781 - 1.189  0.730

* Shown is the P-value <0.05, which indicated a significant relationship. The
analysis included all 758 international students.

face disinfection (P=0.298) and avoiding crowded places (P=0.730)
with the reported symptoms of influenza-like illnesses among the
participants.

Discussion

Our findings suggest that in addition to the public health mea-
sures (including curfews, restrictions on mass gatherings, quaran-

17

tine measures, and border entry restrictions), personal measures
against COVID-19 protect people from acute respiratory infections.
Given that international students hesitate to visit healthcare ser-
vices and often delay accessing healthcare (Masai et al., 2021 Apr
7), the findings of this study provide important information on
these students’ reported cases of influenza-like illnesses, which
may not be captured in hospital visits. The current study showed
that the overall probability of being free of influenza-like illnesses
between October 2020 and March 2021 among participants who
adhered to the personal protective measures was higher than those
who did not adhere to the measures. This finding supports the
consensus that personal COVID-19 measures prevented transmis-
sion of acute respiratory infections, including influenza-like ill-
nesses.

Influenza data reported to the WHO’s FluNet platform in 2021
showed a continued decline in confirmed influenza-positive re-
sults and outpatient visits for influenza-like illnesses (WHO 2021a).
The findings of our study suggest that although personal COVID-
19 measures prevented transmission of respiratory infections in
the community, changes in hospital-seeking behavior could poten-
tially have resulted in much lower consultations for influenza-like
illnesses . Our findings provide wider evidence of cases of acute
respiratory infections in the community during the 2020-2021 flu
season, as well as the impact of personal measures (including
wearing facemasks, washing hands, physical distancing, disinfect-
ing surfaces, and avoiding crowded places) on the transmission of
respiratory infections among students.

Cox proportional hazard regression analysis showed that stu-
dents who wore facemasks were 33.6% less likely to show symp-
toms of influenza-like illnesses than students who did not af-
ter adjusting for all the other personal protective measures (haz-
ard ratio=0.664, 95% C1=0.494-0.893, P=0.006). The current study
did not distinguish between cloth, surgical and N95 masks. Thus,
study results showed the effectiveness of wearing masks in gen-
eral among the international student population. Previous studies
have shown that facemasks effectively prevent the transmission of
respiratory infections (Leung et al., 2020). The present study inves-
tigated the impact of personal protective measures in influenza-
like illnesses by observing a group of international students from
95 countries over 6 months. Additionally, our study found that
the compliance rate of mask-wearing among international students
was high (97.87%). Therefore, the results of this study provide a
reliable estimate of the impact of wearing masks in preventing



A.N. Masai and L. Akin Prof

International Journal of Infectious Diseases 113 (2021) 168-174

=
=
S
[
&= o
v

=1

2 =

C. =

©

2

o C= Y-

© o

Q

[

]

e

E B8
™~

£

=

z —
>
o = e

6 8

Personal protective measures score

Participants with symptoms of ILI — —

Participants without symptoms of ILI

Figure 3. Personal protective measure score (PPMS) among students with and without symptoms of influenza-like illnesses PPMS was calculated from students’ frequency of
wearing facemasks, physical distancing, hand hygiene, surface disinfection, and avoiding crowded places. We assigned scores of 2, 1 and 0 to students who always/frequently,
sometimes, and never implemented a specific measure. We then calculated the PPMS by adding the sum of the scores for each of the 5 measures; therefore, the highest

potential PPMS was 10, and the lowest was 0.

acute respiratory infections among students in a context where
facemasks are widely adopted.

We also identified an association between students’ practice
of physical distancing measures and cases of influenza-like ill-
nesses. The percentage of students with symptoms of influenza-
like illnesses who always or frequently implemented physical dis-
tancing measures was significantly lower when compared with
students without symptoms of influenza-like illnesses (P<0.001).
Furthermore, students who adhered to physical distancing mea-
sures were 23.5% less likely to report symptoms of influenza-
like illnesses when compared with those who did not, adjusting
for the other measures (hazard ratio= 0.765, 95% CI=0.610-0.960,
P=0.020). The study finding is consistent with findings from previ-
ous studies, which have shown that physical distancing measures
effectively interrupt the transmission of respiratory viruses (Chu
et al,, 2020; Poole et al., 2020). For example, one study showed
that influenza transmissibility declined by 44% after implementing
physical distancing measures and changes in population behavior
(Cowling et al., 2020).

Previous studies have shown that hand hygiene reduces res-
piratory infections by 16%-21% (Aiello et al., 2008). The present
study also showed a significant association between the frequency
of handwashing/disinfection and reported cases of influenza-like
illnesses among international students. In particular, students who
frequently disinfected their hands were 17.1% less likely to report
symptoms of influenza-like illnesses than those who did not fre-
quently disinfect their hands (hazard ratio=0.821, 95% CI=0.793-
0.915, P=0.029). Since the compliance rate among study partic-
ipants was high, with 91.56% (n=694) of the students report-
ing always or frequently disinfecting their hands, the results of
this study provide a reliable estimate of the impact of hand hy-
giene in preventing influenza-like illnesses in the context of a
pandemic.
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We did not find any significant association between cases of
influenza-like illnesses and avoiding crowded places. Evidence ex-
ists in the literature on the benefits of reducing social mixing
(e.g., Prem et al.,, 2020); however, evidence on the direct impact of
avoiding crowded places in preventing respiratory virus infection
in individuals remains scarce. Additionally, our study did not find
a significant association between surface disinfection and reported
cases of influenza-like illnesses among international students. This
non-significant finding may be due to the study setting and the
target population. A previous study has shown that surface dis-
infection effectively reduces secondary COVID-19 transmission in
households (Wang et al., 2020). In the present study, we observed
the international students’ practice of personal COVID-19 measures
in the community.

Overall, adherence to the 5 personal protective measures rec-
ommended by the WHO prevented cases of influenza-like illnesses
among international students enrolled in this study. We found that
participants who did not implement every measure were 2 times
more likely to have influenza-like illnesses than students who
frequently implemented all the measures (hazard ratio=2.16, 95%
CI=1.53-3.05). This finding demonstrates that the personal protec-
tive measures worked synergistically with the implementation of
all measures offering higher protection to international students
compared with single measures.

Our study has some limitations. First, participants in the study
gave a self-reported evaluation of their implementation of personal
protective measures against COVID-19, which may have led to a
possible overestimation of their implementation. To resolve any
potential social desirability bias, we used anonymous online sur-
veys and assured them of the confidentiality of their responses
at the introductory part of every survey. Second, the study eval-
uated the preventive effects of 5 personal protective measures;
other measures may have contributed to suppressing transmission
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Figure 4. A Survival probability of students with personal protective measures above the median (red) and below the median (blue) score. B Cumulative hazard plot of
students with personal protective measures above the median (red) and below the median (blue) score.

of respiratory infections. Third, the study was conducted on stu-
dents, limiting the findings’ generalizability to the general popula-
tion. Despite these limitations, to the best of our knowledge, this is
the first study to explore the practice of personal protection mea-
sures and the risk of influenza-like illnesses during the 2020-2021
flu season.

In conclusion, our study found that personal measures to pro-
tect against COVID-19 (including wearing facemasks, hand hygiene
and physical distancing) prevented the transmission of acute res-
piratory infections during the 2020-2021 flu season. Our findings
suggest that personal protective measures with high feasibility and
acceptability could be implemented during influenza epidemics
to reduce transmission, particularly in populations at the highest
risk of developing severe complications. Therefore, future studies
should investigate the utility of these measures in people who are
at risk of severe complications.
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